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VOLAPUK, PASlIJNGUAy SPELIN, 
LINGUALUMINA, 

Vclapuk or Universal Language. By Alfred KirchhoflT. 

(London : Swan Sonnenschein and Co.. 1888.) 

Key to the VolapUk Grammar, By Alfred KirchhoflT. 

(London: Swan Sonnenschein and Co., 1888.) 
Eiementar Grammatik sur Wclisprache {Pasilingua). 

By P. Steiner. (Berlin : Louis Heuser, 1887.) 

Spelin^ Eine AUsprache. By G. Bauer. (Agram : Franz 
Suppan, 1888.) 

Idngualuminay or Language of Light, By F, W. Dyer. 
(London : Industrial Press, 1875.) 

** TF only we had been consulted at the creation of the 
■I world, good as the general working of the machine 
is, how many little improvements might have been intro- 
duced I This remark, not meant to be irreverent, is 
often heard when people suffer from toothache either at 
the arrival or at the departure of their molars, or when a 
sadden frost sets in and destroys the blossoms on all the 
fruit-trees in their garden. Volapiik seems suggested 
bjr the same kind of sentiment. Languages, the adher- 
entt of Volapiik seem to say, are all wonderful machines, 
but, if we could only have been consulted by the original 
fnuners of human speech, how many little irregularities 
might have been eliminated, how much might the whole 
woriring of the machine have been simplified, and what 
a saving of fuel might have been effected if instead of a 
Aouaaitd of these linguistic machines, each having its own 
gauge, there bad been one engine only, taking us from 
Fiieiopd to Iceland without any change of carriages, 
^ose who lament the imperfections of human speech 
dkimi however, this advisntage over the grumblers at 
kige, that they are quite prepared to produce 
a befille az^de* Again and again has the world been 
pieseniOd, tfkh new alphabets and new systems 

nf apetlb^f languages. Of late, 

IfedFOVefi thti^ a good measure of them 

|aesse44own aiidVt^^ At the head of our article 

Vo V 9 M. 


we have mentioned four only, called respectively Vola~ 
fuk, Spclistf Pasilingua^ and Lingualumina. But there 
have been several more proposals for a universal language 
sent to us lately from various quarters of the world, all 
equally ingenious, though we are sorry we cannot disinter 
them from beneath that mighty cairn of pamphlets which 
is growing up from week to week in our library. 

All these proposals have one thing in common. ^ ;Thcy 
start from a fact which cannot be disputed, that llihrls too 
short to learn more than four or five languages well, and 
that it is perfectly wicked to write books on scientific 
subjects in any language but English, French, German, 
or Latin, They then go off into raptures about the days 
when *^the whole earth was of one language and one 
speech,” and they even appeal to prophecy that it has 
been promised “ that a pure language will be turned to 
the people, that they may all call upon the name of the 
Lord, to serve him with one consent.” 

And how is that prophecy to be fulfilled ? Here the 
answers begin to vary a little. Some people say, Let every- 
one learn English, and the problem is solved at once. So it 
would be, so perhaps it will be> when the leopard shall lie 
down with the kid. But till that comes to pass different 
kinds of compromise are suggested. First of all, as to 
grammar, there is 40 excuse for any irregular nouns or irre- 
gular verbs, for gender as different from sex, for obsolete 
degrees of comparison, or for any involved syntactical con- 
structions. These ought all to be abolish^. Secondly? 
as to the dictionary, it is quite clear that if 15,000 words 
sufficed for Shakespeare, a dictionary of 250,000, like the 
English dictionary now being published by the University 
of Oxford, is the most fearful extravagance ever b&own. 
Here all inventors of a new language insist on retrench- 
ment, The inventor of Volapiik was satisfied at first with a 
dictionary of 10,000 words, but we are now promised a 
new one of 20,00a 

There is a great difference of opinion, however, when 
the question arises from what source these words ou^ht to 
be derived. Some draw their words at random from a 
number of the best-known languages, others confine them- 
Mlves, as much as possible, to words common to G«^an, 
French, and English. Volapiik draws on several btmles, 
chiefly on Engli^, but it clips its coins fearfully. Thus, its 
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very name, VolapUk^ is iakeix ifanMa Cifgw mA SmtiA. ; 
Voi represents tbefiiMW Wtii 0 Ah'$ifmAk,\ 

so that ifWiA in Ae sanw ^ 

manner a/>MMrliw abrndatm^ 

by bundan^ MdUmtr bus ymdkl^ Aous^ hy 

In many ctiCf Ihcic teeww e rf .miw^ haw been sp muA 
changed that tt i$ diieitft Jiecognwe them. Hew 
Pasilingua has a great JMlvMiafe. AH words aemiiid 
us of a Teutooic ar .Bansanic prototype, or of English^ 
which has these two elements in Its dic- 

tionary. Volap^ often requires a cmumentaiy^ whaw j 
Pasilingua allows us to guess with a good d^oe of 
success. Thus — i 

What o*clock is it ? is in Volapiik Dup kimid binos? in | 
Pasilingua Quota kora er alt 

Where do you live? is in Volapuk Kiplace lodensf in 
Pasilingua Ubi habitirs tusf 

The sentence, Advertisements arc to the man of busi- 
ness what steam is to industry, has been rendered in Vola- 
piik by Lenunc binoms jafaman otos kelos stcmplo dustor^ 
in Pasilingua by Anndneius ers pro tos affiiriros qua ta 
vap^a pro ta iuduUfiu. 

After Volapuk has once chosen what may be called its 
stems, which consist mostly of a consonant, a vowel, and 
a coAsonant only, everything else becomes easy enough 
Thus if stands for father, we get a simple declen- 
sion ; — 


Si<U);ulnr, FUiral 


.N. /z/, fsiher 

fats 

G. fata 

fatas 

D. fate 

fates 

A. fail 

fatis 

Pasilingua declines : — 

Singular. 

Plural. 

N. menu, the death 

G. mortude 

mortas 

[ mortasde 

D. mortuby 

mortas by 

A, mortun 

mortan 

Spelln declines 

Sit^uUr. 

Plural. 

N. mik^ a friend 

inikocs 

G. doe mik 

doe mikoes 

D. in mik 

tu mikoes 

A. mik 

mikoU 


It is clear that there are ever so many ways by which 
the same result might be obtained, so long as the prin- 
ciple is strictly adhered to that each case shall have but 
ooe sign, and that the same sign is to be used in the 
plural and the singular, while the plural again is indi- 
cated by a sign of its own. In Bengali and many other 
laaguages the same principle is carried out with consider- 
able consistency. What applies to declension applies to 
conjugation, to degrees of comparison, and to derivation. ^ 
All becomes regular, simple, intelligible, whatever set of 
sui^txes, prefixes, or infixes we adopt. Thus, to have is ^ 
/ab in Volapiik. Hence i 

Stoiular Plural. 

tabobf 1 have lahobs^ we have I 

lahol^ thou hast tahols^ you have I 

tahom^ he has laboms^ they have 

she has 
lakos^ it has 
labon^ one has 

By .assigning to each suffix one peculiar power, Pasilingua 
difUnguitihes ; mortn^ death, mortOy d^, morte^ dead 
mortUy dead (neirt.), moriiroy dying, mortaroy | 


mmimtmtiat h^atawmeitt nf ausnkr, 

churchyard, 
AMt asMAAk to kilt, 
I wifirirtrvtn lir (k mi ^ ii mumi i fr i tw iH i^ iiw wiiilir; iTfr 1r*”_ mortar^ 

I to bey Bed, &c. 

I Thoie fm eactMieis iwnders an idea of what 

! they bavetoexpict Bw mid Spe/tn, 

Spekn Isas nothing to 4e wkhfpeUing* It m ikrived from 
iM, the abbii^viated 5tem«f JWg.jfcwwtt Greek pas) 

sound is 

SMidiedieiii cellce^ summm rheace s^iin means all- 
laagnagie, or Pasilmgua^ 

The study of these systems is by no means without 
interest and advantage. It will help to clear people's 
ideas about the great consplexity of language, and 
show how simple a process grammar really i8> If 
more generally adopted, as Volapuk seems likely to 
be, such a system of writing may become even prac- 
tically useful, particularly for telegraphic, communication- 
That it could ever supplant our spoken language is out 
of the question, and Dr, Schleycr, the inventor of 
Volapuk, distinctly disclaims any such intention {“ Haupt- 
gedanken,'* p, lo, note). One protest only we have to 
enter before leaving the subject. Nothing could be a 
greater mistake than to imagine that these clever and 
amusing experiments have anything in common with 
Leibniz's conception of a philosophical language. What 
Leibniz had in his mind may be gxicssed from the “ Essay 
towards a Real Character and a Philosophical Language/’ 
by Bishop Wilkins, London, i668, of which an abstract 
is given in Max Muller's “ Lectures on the Science of 
Language ” (vol. ii. p. 50). This is as different from 
Volapuk as the Kriegspiel is from real warfare. For 
spending a dreary afternoon pleasantly, an experimental 
study of VclapUky Pasilingua^ or Speliny may safely be 
recommended. Lingual umina is a more serious matter. 
It is built on an exhaustive analysis of the notions that 
have to be expressed, and thus approaches nearer to the 
ideal which Leibniz had conceived of a perfect and 
universal language. 


BRIDGE CONSTRUCTION, 

A Practical Treatise on Bridge Construction : being a 
Text • book on the Design and Construction 0/ Bridges 
in Iron and Steel, For the Use of Students, Draughts- 
men, and Engineers. By T. Claxton Fidler, M.Inst, 
C.E. (London : Charles Griffin and Co., 1887.) 

T his book is principally intended for practical use by 
engineers and draughtsmen, who are now being 
called upon to design and constmet bridges of unprece- 
dented magnitude, like the Forth Bridge, whi^ ike 
introduction of iron, and latterly more especially of eteel, 
has rendered possible. The execution of these requiee^ 
ments has brought forward a mimber of new proUems 
to be solved in Statics, and the Elasticity and Strength 
of Materials, and has invested old probkixis with an \m^ 
pottance which they did not before possess. Evolution in 
this branch of creation has gone on so rapidly that the 
Darwinian student of the ** survival of the fittest ” oodglit 
turn to this hook for striking exemplifications of Ids 
theories, which he would ^nd in the daiitficaUon irf 
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bridges, described and illustrated in the second section of 
tibe^ork. But while in the animate kingdom the mammoth 
animals have become extinct from insufhcient mobility 
and relative strength to carry their own n eight, the con- 
verse operation is observable in engineering construction. 
Bone and muscle are of the same strength as formerly, 
but the improved manufacture of steel has placed in the 
hands of the engineer a material with which he can safely 
attempt his mammoth creations ; and should metal- 
lurgical science provide commercially for the engineer a 
new metal, as strong as, or stronger than, steel, but of less 
weight — say, aluminium— then we may expect to see still 
more marvellous developments in bridge building. 

Tlic bridge, on a large scale, resembles the mammoth 
or giant in requiring its whole strength to keep itself up- 
right 5 and one of the most interesting tbeoretiral ques- 
tions discussed in the present treatise is the consideration 
of the maximum span possible with the material in hand — 
say, steel. When the span is large, the greatest economy 
in details must be practised, as the chief stress is due to 
the dead weight of the bridge, and not to the relatively 
insignificant weight of the moving load. Thus in the Forth 
Bridge a weight of 20,000 tons of steel is required in a 
single span to provide it with the necessary strength to hold 
itself up, so that the stresses due to a train of 200 tons 
running across may be left out of account. 

I'he weight of metal worked into a bridge is at once 
a measure of the stresses in the material, and also of the 
quantity, and consequently the cost, of the materi al used. 
The author employs the customary units of engineers, 
the pound or ton as a measure of force and of weigh, 
and measures stresses m pounds or tons per square inch. 
He does not find it necessary to express his stresses in 
poundals per square foot, nor does he measure quantity j 
of material in units of mass, which pounds or tons, ; 
as we arc taught in theoretical text-books, j 

The mathematical student, to whom the book is , 
partially addressed, will find it, while valuable as a hand- j 
book for a practical engineer, at the same time stimu- j 
lating to his imagination in the realms of pure Abstract 
Mechanics, which at present run the risk of wandering 
away from reality, because the writers of modern text- 
books of mathematics do not look to the wonderful 
creations of modern engineering science for illustrations . 
of theory. Thus the methods of Graphic Statics, largely 1 
employed in this treatise, arose out of the requirements j 
of an engineer’s office : a draughtsman was found using 
the method, and Prof. Maxwell seised upon it and elevated 
it to the rank of a new method in Mechanics. 

Scientific treatises on Practical Mechanics are more 
common in America, where the requirements of opening | 
up a vast continent have given great employment to the 
engineer and the bridge-builder ; and it must be owned 
that these treatises are far superior to our own. But we 
hope ^e psesent treatise will do something to take away 
this reproach. 

We may flatter ourselves that the Forth Bridge 
now in progress Is the greatest thing of the kind in 
Use world, but a rival in the Poughkeepsie Bridge 
is pre^tetL Thesh two bvidfes^ wiU exemplify the 
difference of practice of the Old WorWf and the New. 
In our practice the whole bridge is riveted up into a rigid 
structure as mudi a» possible; while in America the 


articulated system of triangular cells, with pin joints per- 
mitting rotation, is adopted, the stress in individual 
members being thus a simple pull or thrust. So far the 
American system has scored one in securing the contract 
for the Hawkesbury Bridge in Australia. This system 
affords the best theoretical illustrations of elementary 
Statics — the subject of Part I. of the present treatise — until 
the question of the bending moment (it is gratifying to 
find the term ‘‘tendency to break” of the abstract 
treatises discarded) comes into consider'ation, when the 
Old World bridge affords the requisite illustrations. 

In Bart III., on the “ Strength of Materials,” the author 
begins with the resistance of columns and struts to flexure, 
and here theory and practice have long worked together 
almost in harmony. The expression “breaking load” of 
a column — to mean the load which just starts flexure of 
the column — is apparently usual, but like the expression 
“tendency to break” should now be discarded for some- 
thing m'bre suitable. The theoretical strength of a column, 
according to liluler, which requires the assumption that the 
column is straight, and the actual strength 

against flexure, arc represented in a diagram (p. i6a) ; and 
the author has shown very ingeniously how the actual state 
of things encountered in practice can be imitated theo- 
retically by a strut composed of two flanges of unequal 
elasticity (p. 163). Such a strut will begin to cur\^e imme* 
diately as the load is gradually applied, and will thus repre- 
i sent very closely the actual behaviour of a continuous 
[ column, as great variations are found experimentally in the 
' elasticity of iron or steel in specimens cut from one piece 
' of metal (p. 167). When crushing or tearing takes place 
j from continually applied pressure or tension, only cm’* 
pirical formula^ are suitable ; but, as in actual structures 
the stress is kept by Board of Trade rules much below the 
elastic limit, the theoretical equations depending essen- 
tially on Hooke’s law, that Tension and Extension are 
in the ratio of the Elasticity of the material, may be 
employed. Even with the low stresses permissible 
by law, Wohler’s researches on the fatigue of metals 
show that permanent deformation may keep on accu- 
mulating, and, in consequence, modern engineering 
practice is in some respects not so daring as formerly. 
Gordon’s empirical rules (§ 124) (originally due to 
Tredgold) have been shown by Prof. J. H. CotteriU to 
rest on a theoretical basis, if the compression of the 
material due to the thrust previous to flexure is taken 
into account. 

For very long spans, the only two rival methods of con- 
struction are the cantilever and the suspension principles, 
of which the Forth Bridge and the Brooklyn Bridge arc 
the great respective examples. In the Cantilever method 
we build out equally on each side of a pier, so as always to 
preserve stable equilibrium, while in the suspension method 
the roadway is suspended from the chains or steel ropes. 
The chief drawbacks of the suspension principle, its 
defect of stiffness and great sensibility to changes of 
temperature, are shown by the author to be avoidable by 
the system of bracing in his “ rigid suapeosion bridge 
(Fig. 22), 

The disastrous fall of the Tay Bridge Viaduct in a 
hurricane has forcibly redireaed the attention of en- 
gineers to the importance of the theory of wind- pressure 
and wind-bracing (Chapter XXIV,), and now we may 
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feci secure that in the new Tay Bridge of Mr. Barlow, 
as well as in all recent structures, ample alio wan ce of 
strength is provided for against the effect of wind. 

The book is copiously illustrated with excellent dia* 
grams of real practice in the construction of bridges, 
based on the theories of the text, and should prove not 
only an indispensable hand-book of the practical en- 
gineer, but also a stimulating treatise to the student of 
mathematical m^echanics and elasticity. 

A. G. Greenhill. 


TIVO FRENCH BOOKS. 

Les Pygmees. Par A. de Quatrefages. 

Les Anctires de nos Ammaux, dans les Temps Ghologiques. 
Par Albert Gaudry. (Paris : J. B. Bailli^rc ct Fils, 
i8«7-88.) 

T HP-SE two works form two volumes of Dailli^re et 
Fils’ “ Biblioth^que Scientifique Contemporaine.” 
The first, by the eminent Professor of Anthropology at 
the Jardin des Plantes at Paris, treats of the Pygmies, 
a diminutive race of mankind known to the ancients, 
alluded to by Homer, insisted upon as really existing by 
Aristotle, next believed to be but myths, and now estab* 
lished as a veritable race of the human kind. The author 
accepts for them the terms, suggested by Hamy, of 
Negritos and Negrilles, the latter being confined to the 
African Pygmies, and the former to those of the Asiatic 
Isles. 

Avowedly a compilation, this little volume has all the 
p>eculiar charm that distinguishes Prof. Quatrefages* 
writings, and abounds with much curious and interesting 
details. The first chapter treats of the Pygmies from an 
historic point of view ; the second, third, and fourth, of 
the Negritos, they being exclusively insular. The Negritos 
are to be found in New Guinea, and [all over the Mela- 
nesian Archipelago, as far as Fiji ; but, while the typical 
Negrito is confined to this area, conquest, emigration, 
and slavery have spread the race to Timor, Ceram, Bouro, 
Giloto, to the western shores of Borneo, and so to other 
islands of the Pacific Ocean. Northwards they can be 
traced to the Carolines, and southwards to New Zealand 
where they preceded the Maoris. Mr. Ten Kate reports a 
Melanesian skull found in the little Isle of Santo Spiritu, 
off the coast of California. To the northwards they can 
be traced to the Loochoo Isles, Formosa, &c., while 
their western limits seem to be the Nicobar and Andaman 
Islands. 

The question of the mixing of races on the borders 
of their distribution is discussed, and a good deal of 
recent information on this subject is given, The various 
modifications dependent on the wide range of distribution 
arc also investigated, and the manners and habits of the 
several groups are described at some length. Good copies 
of photographs of native heads and figures are appended. 

Chapter VI. treats of the Negrilles, or African Pygmies, 
the details of the Akkas, Tobbo and Chairallah, reared 
in Italy by Count Miniscalchi Eritzo being full of 
interest. The last chapter is devoted to the Bushmen 
of the Cape, and in connection with them' there is an 
account of the Hottentots. The volume has thirty-one 
figures intercalated with the text. 


The second work is by an equally well-known wnter, 
— though of a very different school from that of Prof. 
Quatrefages — Prof. Albert Gaudry, also a Member of the 
Institute, and the Professor of Palaeontology at the 
Museum. Well known for his able writings, and for 
' his liberal and modern views on science, he has in this 
little volume given us a most delightful account of his 
ideas on the origin and development of the Mammalia 
during geological time. The volume begins with a 
chapter on the history of the progress of palaeonto- 
logy, followed by one on evolution and Darwinism. 
Though a disciple of D'Archiac, who was a strong op- 
ponent of Darwin*s views, Prof. Gaudry read ** The Origin 
of Species** with the most passionate admiration, and his 
labours since then have very materially helped to com- 
plete the palaeontological record. The third chapter is 
devoted to the subject of the evolution of the Mammalia 
in geologic time ; the fourth introduces us to the author*s 
researches at Pikermi, where, as he tells us, he spent 
some of the most pleasurable moments of his life, en- 
gaged in excavating the remains of the quadrupeds which 
in times long ago roamed at liberty over the plains of 
Greece. Here were found an assemblage of animals 
of large size, such as has never been found before within 
so limited an area. Beautiful figures of many of these 
are given, and their relations to existing forms are ex- 
plained. In another chapter we find an account of similar 
researches carried on at L^beron, near Cucuron (Vau- 
cluse), where the remains were chiefly those of Herbivores, 
and an interesting table is added of the succession of 
the terrestrial Mammalia in France during the Tertiary 
period. In a concluding chapter there are some short 
sketches of the well-known palaeontologists of the 
Museum : Alcide D'Orbigny, D’Archiac, Edouard Lartct, 
followed by a description of the fine new gallery for 
fossil forms at the Museum. 


OHR BOOK SHELF. 

The Elements of Graphical Arithmetic and Graphical 
Statics, By John Y, Gray and George Lowson, M.A. 
(London and Glasgow: W. Collins, Sons, and Co., 
1888.) 

In the year 1871, Prof. Crofton, F.R.S., emlained before 
the London Mathematical Society his diagrams illus- 
trative of the stresses in Warren and lattice girders, and 
in the course of his remarks said that he had not found 
anything to help him in English text-books, and referred 
to papers bjr Profs. Ranldne and Clerk-MaxwelL It was 
at this meeting (April 13) that Prof. Henrici drew atten- 
tion to a work then little known in this comity, viz. 
Culmann'fl Graphischc Statik 'M'excellente 'Graph- 
ische Statik* de M. Culmann'* (Prof. Cremona)— and 
showed that Prof. Crofton's constructions had been 
anticipated and the methods applied to a very aide 
range of subiects. On this occasion also Profi Henrid 
illustrated the subject by a simple and ingenious 
notation. He subsequently drew up an abstract of 
Culmann's work (1806}, which was printed in the 
Appendix to vol. iii. of the above-named Society's Pro- 
ceedings (pp. 320-22). The work is now well known, and 
its methods are very generally employed by engineer^, 
and are the subject of lectures in more than one of our 
Colleges. 

The object of the book before us is to give an demont-v 
ary account of the fundamental princi{des of tiM subfect 
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in a handy and cheap form> as well as to discuss some 
simj^e examples of their application. 

Inc finrt part — which dves an explanation of graphical 
methodSr iUusttates graphical arithmetic^ and shows how 
to represent areas and volumes by lines — is very carefully 
and clearly worked out^ and leads one to see that this 
part of the subject might well come in at a fairly early 
date in school- work. Our idea is that the second part^ 
“ Graphical Statics," would be improved by more fullness 
of detail. It comprises an account of the following 
matters ; kinematics, forces in one plane acting at 
a point, the funicular polygon, resolution of forces, 
nu)ment 5 | couples, bending moment and shearing force 
in a simple beam, rolling loads, framed structures, eifects 
of wind-pressure on roofs, bridge-girders, and centres of i 
gravity. 

We have noted only two or three typographical errors. 
The notation employed is one most frequently termed ! 
“ Bow's notation ” in this book, from its having “ been 
brought into use by Robert H. Bow, Esq., C.E.,” but a 
note states that the method seems, however, to have 
been first suggested by Prof. Henrici." We presume that 
Prof Hcnrici^ notation was the one we have referred to 
in the opening paragraphs of this notice. The immediate 
object of the book is to furnish help to students preparing 
for the South Kensington Examinations and for those of 
the City and Guilds of London Institute. 

Tkt Manual Training SekooL By C. M. Woodward. | 

(Boston : D. C. Heath and Co., 1887.) 

Mr, Woodward has by no means a high opinion of the 
results of the efforts that have hitherto been made in 
European countries to promote technical education. In 
1885 ne spent five months in examining “ trade schools” 
on this side of the Atlantic, and all the schools visited by 
him, with the exception of the French Government 
school at ChAlons, disappointed him. He admits that 
they have ‘'many excellent features ” ; but their manual 
training is generally, he holds, “ very narrow," and he 
condemns “their long daily sessions, their long terms, 
and the conventional nature of their curricula.” Manual 
training, according to Mr. Woodward, is in a much more 
fiourishing condition in America. There it has been 
introduced “ not for a trade or a profession, but for the 
healthy growth and vigour of all the faculties, for general 
robustness of life and character”; and he is of opinion 
that it has been developed in a way that places it “ far in 
advance of any model in a foreign land/' Whether or 
not this comparative estimate is accurate, no one who 
reads Mr. Woodward’s book will dispute that the 
Americans have begun to understand thoroughly the 
importance of technical instruction, and that the leaders 
of opinion on the subject have done much to diffuse 
enlightened ideas as to the true aims and methods of 
manual training. Unfortunately, Mr. Woodward has not 
the art of presenting facts and arguments in an attractive 
style* He has, however, brought together a great mass 
of useful information about a subject of pressing import- 
ance, and his work, although relating chiefly to institu- 
tions founded in his own country, ought to find readers in 
England as well as in the United States. He does not 
enter, in detail^ into the theory and practice of manual 
training in primary and grammar schools. He limits 
himself to the training of pupils beyond the age of 
fourteen* The value of the work is increased by a 
number of good woodcuts illustrating shop exercises 
in woods and metals. 

Th$ Method of Creation. By Henry W. Crosskey. 
(London; The Sunday School Association, 1888,) 

This Jjttle volume belongs to a series of “Biblical 
Mkmials^^ edited by Prof. J. Eatlin Carpenter. With the 
polemical parts of the book we have, of course, nothing 


I to do. In the chapters in which Mr. Crosskey devotes 
himself simply to the exposition of scientific truths he 
writes with full knowledge of his subject and in a clear 
and pleasant style. “ How ‘ dry land ' was formed ” is the 
subject of an excellent chapter, in which the writer brings 
together some of the more striking of the facts which 
prove that rocks have been formed by various agencies, 
that there is no single period at which any kind of rock 
has been specially produced, that the crust of the earth 
consists of rocks in ordered succession, and that there has 
been an unvarying order in the succession of rocks. 
There are also good chapters on the history of plants and 
animals, and on the antiquity of the human race. 


LETTERS TO THE EDITOR. 

[TAe Editor does not hold himself respmsible for opinions 
expressed by his correspondents. Neither can he under’ 
take to return^ or to correspond with the writers of 
rejected manuscripts intended for this or any other part 
of Nature. No notice is taken of anonymous communi- 
cations. \ 

Coral Formations.” 

Dr. Gujtv’s Jetler shows that I have not been sufficiently 
explicit on the subject of the formation of atolls, yet I cannot 
well understand that I have been obscure on the subject of his 
first question. Surely it is a sufficient reason for rejecting the 
theory of subsidence as applied to the Chagos Group that I 
fancy myself, in conjunction with M. Spurs, to have detected 
evidences of elevation in Diego Garcia. Darwin laid great 
stress on the character of the Great Chagos Bank as affording 
evidence of his theory of subsidence ; he considers it to be an atoll 
drowned by a too rapid act of subsidence ; but, as I have pointed 
out, if this were so it is impossible to understand how two atolls 
such as the Great Chagos Bank and Centurion’s Rank could have 
been thus destroyed without Six Island.? or Egmont’s Atoll, which 
lies directly between them, being involved m their destruction. 
Further, the raised atolls north of Madagascar are unquestion- 
able proofs of upheaval in this region, yet in the same region arc 
low-lying atolls, ntoll-shaned reefs awash, and submerged atoll- 
shaped banks. Clearly the theory of subsidence does not apply 
to these groups, and I do not see any reason for supposing that 
the Laccadive and Maidive Islands have been formed differently 
to the other atolls in the Indian Ocean, though I am unable to 
bring forward any fresh arguments with regard to them. 

Secondly, because I do not agree with Mr. Murray in thinking 
that lagoons arc due largely to the solvent action of sea-water, 
it is no reason that T should disagree with other parts of his 
theory. Indeed, after Dr. Guppy’s striking observations at 
Santa Anna and other islands, it would be idle to deny that 
organic deposits have formed the bases of many atolls, perhaps 
of all. Il did not scerrrto me necessary to deal with this part of 
the subject, because as a resident on an atoll without the means 
of making sectional soundings I had nothing new to say on the 
subject. 

Perhaps you will allow me space to add that before reading 
my paper 1 had not had the advantage of meeting Mr. Murray. 

1 nave since had that advantage, and on comparing notes with 
him I find that I am much more in accord with him than my 
paper would seem to show, I still maintain my point that the 
rale of organic growth in the lagoon of Diego Garcia is suffi- 
cient to counterbalance the solvent action of the sca-water. In 
other }>oint8 I agree with him, and believe that my observa- 
tions confirm his view that atolU tend to spread outwards like a 
fairy-ring. Mr. Murray has convinced me that 1 laid undue 
stress on the direct influence of currents in determining the 
growth of corals, and this section of my paper was in con- 
sequence omitted in the account which appeared in the columns 
of Nature. Judging from the local effects which I observed at 
Diego Garcia, where currents often swept through narrow chan- 
nels with great force, and from Prof. Moseley's account of the 
oceanic currents sweeping past St. Paul's rocks, 1 was led to an 
exaggerated estimate of the rate of oceanic currents. No doubt 
a current runni^ at the rate of some thirty-five miles in the 
dav would modity or retard coral growth, hut such currents art 
only found in narrow passages. G. C. Bourne. 
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I LATELY discussed Murray** theory of coral formation \sfiih a 
class of boys and girls (fourteen to sixteen years of age), and 
(hry rai«ted two questions which I am unable to answer, (i) If 
aea water dissolves the coral near the surface at such a rate as to 
form a lagoon, why does it not dissolve the limestone foundation 
even more rapidly ? (2) After a reef has progressed a considerable 
distance ftom the shore, and a channel of open water is formed 
'between, why should not the reef extend back again shorewards ? 
How could such a channel as exists between Australia and its 
Great Barrier Reef ever have been kept open ? These seem 
to be valid and nerious objections : will some expert be kind 
enough to answer them ? CttAKLES R. Dryer, 

Fort Wayne, Indiana, U.S.A., April 16. 

• 

Density and Specific Gravity. 

The point raised by Mr, Cummins in last week's Nature 
( voh xxxvii. p. 584), as to the use of the words density arul 
specific gravity is, it seems to me, of some importance. For 
many years pa^t I have, in niy lectures, taken the law into my 
own hands in this matter, and, defining density as the mass of 
unit volume, 1 have defined specific gravity, in the way Mr. 
Cuinming "'Uggests in the last paragraph of his letter, as the weight 
of unit volume (or rather, lest 1 should cause any to offend 
against the examiner, I have thus defined rt/W«/^sj)€ciftc gravity, 
or specific gravity proper, and have pointed out that the defini* 
tion commonly given was the definition of relative specific 
gravity). \Vc thus get the parallel relations — 

M = and W == rV, 

also 

W = and s ss gp. 

Thus regarded, si-iecific gravity is to density just what weight is 
to mass. When force Is expressed in absolute units of any 
kind, specific gravity and density must of course have different 
numerical values, just as weight and mass have. But in the very 
large number of cases in which weights are the only forces that 
have to be considered, and in which it is not needful to take 
account of the small changes of weight dependent on changes of 
geographical position, the local weight of the unit of mass may 
be conveniently taken as the practical unit of force — that is, we 
may take 1. In all such cases we have, nunieHcatlVy 
weight = mass, and specific gravity = density, though the idea 
of weight IS essent 'ally different from that of mass, and the idea 
of specific gravity from that of density. 

Of course, na Mr. Gumming points out, when specific grflvity 
is defined aa weight of unit volume, its numerical value for a 
given substance depends on what is taken as unit of weight and 
what as unit of volume. With the weight of i pound avoir- 
dupois and the cubic foot as units, the specific gravity of water 
becomes 62 ’5, and that of platinum 1312'J, instead of i and 21 
aa given in the ordinary tables of (relative) specific gi*avities. 
If, on the other hand, wc tale as unit of weight the \\eighl of 
unit volume of the standard substance, as is done when weights 
are expressed in grammes and volumes in cubic ccniimetres, or 
weights in kilogrammes and volumes in litres, absolute specific 
gravities and relative specific gravities *becomc equal, and the 
ordinary specific gravity tables can be used for practical puqv)ses, 
which ifi one of the great adv.antagcs to be gained by using the 
metrical system of weights and mea-sures. With any other 
*3 stem, the numbeis given in the tables require to be multiplied 
by the specific gravity of water— that is, they must be translated 
into absolute specific gravities— before they arc of use for almost 
any real calculation, such as oc tirs either in experimental jihysics 
or in engineering practice, hnr instance, we weigh a measured 
length of copper wire and want to know its diameter, or we 
weigh the quantity of mercury that fills a glass bulb of which wc 
require the capacity, or that fills a measured length of a tube of 
which wc require the bore ; or an engineer compares his pressurc- 
^uge against a mercury-manometer in order to convert its 
indications into pounds- weight per square inch ; or he has to 
calculate the pressure exerted by a brick wall so many feet high, 
or the weight of a mass of rock of so many cubic feet. In alt 
theae cases it is the absolute specific gravity that comes into 
Eccotint ; it is no use to tetl us that cornier is 8*9 times as heavy 
as water, and mercury 13*6 times as heavy, unless we are told 
how heavy the unit volume of v ater itself is. 

I maintain, in short, that the weight of unit volume of a tnb- 
atance is a quanti^ of very great practical importance, for which 
specific gravity is u suitable name, whereas the ratio 
usually defined as specific gravity is of Ihtle or no use outside 


examination questions, and that if it needs a name it should be 
called relative density. 

Further, my experience is that the definition here advocated 
presents considerable advantages fi'om the |K>int of view of 
systematic teaching. G. CAREY FOSTER. 

University College, London, April 21. 

Je crois que la notion de speeific gravity doonde par M. 
Gumming dans Nature du 19 avril (rob xxxvii. p. ^84) est de 
nature k puzx'er les efudiants plus encore que la vrau definition 
physique de la densite. 

La densttd d’un corps est le rapport de s« masse k son volume*^ 



Dans le sysltme C.G.S. la densitd doit done ^re exprimee en 
grammes masse par eenti mitre tube ^voy. Everett, “Units and 
Physical Constants *')- Le poids spccifiquc est Ic rapport du 
piuds d’un corps k son volume et devrait ^tre exprim^, dans le 
systi'me C.G.S. en i/ynes par centtmHre cube. Mais il y aurait 
alors le grave inconvenient pratique k cette di^oition rigoureute 
que le poids specifique varierait avec acceleration due k la 
pesanteur, tandis que la densite resterait constante. 

La confusion provient de cc que le mot tveighly comine le mot 
poids en fran9ais. s’appHque indistin clement ^ la masse d’un 
corps en grammes -masse et h la force qu’excrce la pesanteur sur 
Ic corps exprimee en grammes. 

La solution logique e.{t de simprimer le mol poids du langage, 
h cause de son double sens, et de ne parlcr que de la s/tasse ou 
de la /(>ree exercee par la pesanteur, suivnnt que J’un ou Tautre 
facteur intervient dans les calculs. 

En tout cas, expriiner Ic poids .spt^ifique en iivres ou en 
grammes est aiissi absurde que d’exprimer les vitesses cn metres?, 
et la puissance {ptnver) d’une machine en ergs ou en foot-pounds. 

J .e respect de I’homogcn^ftc dcs formulcs est la condition 
essentielle des definitions des quanlitOT physiques, et cette 
homog^eke n’est pas re 9 pcct 4 e dans la nit ion doimee par 
M. Cummicig. E. Hospitalier. 

Paris, le 23 avril. 

The Ignition of Platinum in Differont Oaaea. 

An abstract ap|»eared a few weeks ago in Nature relating to 
the ** Occlusion of Gases by Platinum and their Expulsion by 
Icaition," which induces me to mention some curious r^ults 
obtained by Mr. Lowndes and myself by the ignition of platinum 
in different gases. We were led to the experiments by auother 
investigation on the behaviour of carbon at high temperatures 
in various gases. We find that when a platinum wdre is heated 
to nearly melting by a current in an atmosphere of chlorine, the 
walls of the glass vessel become covered with a yellow deposit, 
which is insoluble in water, but dissolves in hydrochloric acid, 
and then, after addition of a liiilc nitric acid, gives the re- 
actions of platinic chloride. The yellow deposit U in (act 
platioous chloride. At the same time the thick part of th» 
platinum wire conveying the current, and which was not heated 
very highly, became intrusted with very fine long crystals of 
platinum. Some of these were more than the sixteenth of on 
inch in length, and apparently considerably more were located 
on that end of the thick wire leading to the negative pole than 
on the other. 

There was also a very decided hut lambent flame playing 
around the ignited and part of the cooler wire during the pas- 
sage of the current. The arrangement used was a wFde-neated 
flask, stopped with a glass bulb, through which a deliv^y-Wbe 
for the chlorine, and ihc two No. 12 platinam wires leodii^ tlw 
current, passed. The ignited parts of the wire are Utile oods of 
No. 24 wire separated by a I -inch piece of No. 1 a. On beat- 
ing the flask externally up to the softening of the glass, 6»e 
appearance of a flame around the wire increased riightly. 

On repeating the experiment with bromine, very nearly the 
larae effects were observed. The amount of platinous bromide 
was much less than in the case of the chloride, but the flame 
appearance was very much more pronounced. Oft 
chlorine into the bromine, so as to form chloride of bromine, 
both the flame appearance and'the action on the platinum were 
largely increased. With iodine in the flask, vgpflrieed^by hMt- 
ing externally, lUrie cbemica] action on the phuiniUD mo ob- 
served, only the sUghtest deposit being fotm^ of a ptadinRttt- 
iodine compound on the ,glass ; but, on posaing chkdttie inb> 
this also, a stJU more vigorous action on the metal tomt 
the deposH containiAg only chlorine and plarintim* The flattw 
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tppMittttoe' filled the entire fleek. The spectrum of these flames 
mum no Unee in anv case. They are all oontinucnu^ The 
IngtHft OTiitals of platiDum were obtained with the JClg. 
ittfomide of iodine behaved like iodine. 

^e have tried a number of other substances in a similar 
manner, Oxy^en^ sulphur, sulphur dioxide, nitric oxide, mercury 
vapour ^ve ne^live results as far as wc could see. With 
liydrochToric acid some iHCIj was formed, but no flame 
apMarance. Phosphoric chloride gave a slight flame, anr! some 
riCIj ; but phosphorus is liberated, and then unites with 
the platinum, meJling it. A current of very dry hydrogen 
fluoride was passed through the flask ; l^efore the wire was 

X ited no' action on the glass of the flask was apparent, but 
lost immediately on passing the current the glass became 
much con-oded by, probably, liberated fluorine. Owing to the 
flask breaking, we cannot say if platinous fluoride was firmed. 

With silicon fluoride a singular action lojk place, the wire, 
especially the negative half, becoming covered with long semi- 
transparent crystals of, we think, silicon. The silicon fluoride 
was very dry, and passed for a long time through the flask 
without any action until the wire was ignited, when simul- 
taneously with the production of these crystals the glass vessel 
became much corroded. A small quantity of a soluble platinum 
salt was formed at the same time. We are continuing these 
experiments. 


In regard to the association of moral insanity with an average 
amount of intellect, 1 would only observe that the brother 
alienists of J>r. Mercier, including Dr. Maudsley, contend that, 
not only may this be met with, but that moral insanity may co- 
exist with nn undisordered intelligence. Dr. Mercier’s conten- 
tion that ** in moral insanity intelligence is always disordered’^ 
would therefore be still in conflict with the experience of some 
experienced alienists, which was the position 1 took. 

Both these points, however, are only small matters compared 
with the general subject-matter of the work under review, and I 
repeal that it is gratifying to find there does not appear to have 
been any important mis-statement of Dr. Mercier’s views in the 
friendly criticism of The Reviewek. 

April 24. — _ 

Nose-Blackening as Preventive of Snow-Blindneus. 

My friend Mr. Edmund J. Power sends me the following 
account of what appears tome to be an interesting fact. J should 
like to obtain suggestions from physiologists as to the possible 
explanation of the phenomenon, on the assumption that the 
blackening of the nose and eyelids really does prevent the 
injurious action of sunlight on the eyes ; and further, T should 
like to know whether (quite apart from the fact of its utility or 
futility) the custom has possibly a remote origin in some ceremony 
or ritual. K, Kay I-ANKKSTER. 


We do not think the platinum salts formed in this way are 
simply shot out by “ volcanic” action, as they arc quite uniformly 
Spread over the sides of the glass vessel, and seem to be really 
volatile at the temperature and under the conditions. We have 
failed to find any record of platinum salts being volatile when 
heated under ordinary conditions, but it is probable that in the 
presence of fl^e halogen they would be volatile. 

Whether there lie any true electrolytic action in these cases 
we m not at the moment prepared to say. 

Royal Military Academy. W. R. Hodokinson. 

**Thc Nervous System and the Mind.” 

Wilt, you allow me to account for one or two of the dis- 
crepancies in my book which your very able reviewer points out 
in the current issue of Nature ? 

He cannot reconcile the statement that ** everyone nowadays 
admits that the evolution of mind and tl>e evolution of the 
nervous system have proceeded /art /asstt^ and are indeed hut 
two aspects of the same process,” with the further statement that 

this way of studying tnem is so greatly neglected, is indeed 
derided and scouted,” It is pointed out, however, in the 
passage from which he quotes, that the Utter charge is laid at 
the door of my brother alienists only ; while the former 
statement applies to psychologists at large. 

Were it worth while, I could substantiate my charge by 
chapter and verse, but as the general movement is at Ust begin- 
ning in the direction I advocate, to do so would be to cause the 
C17 fitJin the wilderness to approximate too much to the character 
of the voice of chanticleer. 

Your reviewer states, as if in controversion of my doctrine, 
that *' experienced alienists tell us (hey find it necessary to 
admit a moral insanity with an avera^ amount of intelligence.” 
TMs I have never denied. My position is not that in moral 
insanity ” intelligeace is deficient in amount. What I say is, 
that in “moral insanity” intelligence is always dtsora^^t/. 
Disorder of intelligence is very different from deficiency of 
intelligence. Chas. Mkrcikr. 

Catford, S,E., April 23. 

I AM glad that Dr. Mercicr has found so little to complain of 
In the review of his recent work. I am lx>und to accept his 
explanation of the discrepancy I ventured to point out, although, 
on re-reading the two apparently antagonistic pussnaes again, I 
dp Hot find the distinction between ]^choIogists and alienistR, to 
whiebbe now refers, clearly stated^ The expression “ everyone ” 
(p^ 4)' appears' to include both. Dr. Merder’s “brother alien - 
are^ irsmaa, uxcluded from the class that can graap the 
UnMh that tiMr mflutlon of mind ami the nevvoua syatem are but 
two asptfoW of tha apme process, and belong to that uninfornaetl 
dsMiiJltat “deride and toemt” it. 1 certainly should have 
h — st a t ed to insdentand this to be the author's meaning, but, 
beln|E to, 1 must leave his benighted confrhes to settle their 
edth hinii Th^ may perchance think that in this 
of the passaM *^the v^m of ^anticleer” haa already 
beobmemsiociated with the vox <lamantis in thr wilderness f 


“Can you or some of your friends explain the following? 

“When in Colorado shooting the end of last year, nsy friend 
bad a very bad attack of snow-blindness, caused by a long march 
on Know w iih bright sun. My eyes also were very bad the next 
day and caused much pain. 

“Some days after 1 uas under similar circumstances, when my 
guide stopped, and taking some burnt wood from a stump 
blackened his nose and under the eyes well down on the 
cheek -bone. 

“On asking him the reason, he told me it stopped snow- 
blindness, and as the glare was very strong I did the same, and 
found immediate relief. 

“ I did this all the time I was out, and never found the snow 
affect my eyes in any way. 

“P'veryonel spoke to about it could give no reason for it, 
but ail used it on the march. Some use glasses, but, as my man 
remarked, ‘glasses cost dollars, dirt nothing.’ 

“ Perhaps some of your friends can enlarge on the subject, as 
it is of great interest to me, and may be so to Alpine people, os 
glasses are hot to climb in, and from my own experience it is not 
easy to stalk in glasses and then take them off and shoot.” 

“ Antagonisni.” 

The author of “The Correlation of the Physical Forces” 
has, I am sure, our sympathy when he relates how he has been 
forestalled by Prof. Huxley. 

As Sir William Grove subsequently says that “it is always 
useful to know the truth,” he will, perhaps, excuse my su^est- 
ing that his views upop antagonism as pervading the universe 
have been anticipated in a work published more than a quarter 
of a century ago. I allude to “First Principles,” and more 
especially to the chapter in it upon “The Rhythm of Motion,” 
in which the effects of antagonist forces are shown to beevety- 
where present, and are copiously illustrated and expounded from 
the stand points of astronomy, geology, biology, jisychology, and 
sociology. After reading this chapter, and especially its con- 
cluding sentence — “ Given the co-existence everyw'here of an- 
tagonist forces, 0 postulate which, as we have seen, is 
nrce.<sitated by the form of our experience ” — we cannot, I 
think, but add another eminent name to that of Prof. Huxley as 
anticipating Sir W. Grove : it is that of Mr. Herbert Spencer. 

F. Howard Collins. 

Churchfield, Edgbaston, April 29. 

Sente of Taste. 

The curious difference between male and female observers in 
detecting feeble traces of qainine, sugar, acid^ &c., in water as 
mentioned in Nature on p. 557 (voT xxxvii.), is possibly owing 
to the sense of taste being injured in the males by the use of 
tobacco. 

1 have hod occasion t6 epply delicate tests of smell and taste, 
and I find that even moderate smokers are unable to dietefct 
odours and taetes that are quite distinct to noiv-smcdien. 

Dunstable^ W. O. 
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tbe aroa wilt show D absorbed, and the other 
hiit I) bright ; and in the resulting spectrum D will have 
diaappearedf on account of the equ^ity, or nearly equality^ 
of'theradiation added to the absorption of the conunuous 
spectrum. The light from the interspace just dlls up and 
<Kditerat68 the ab^rption. 

But if the temperature is such that the green line is 
seen as wdl as p ; in consequence of its poor absorb* 
111^ effect there will be no dark line corresponding to it 
in the resulting spectrum, but the bright green line from 
the interspace will be superposed on the continuous 
spectrum, and we shall get the apparently paradoxical 
resulf of the green line of sodium visible while D is 
absent This condition can easily be reproduced in the 
laboratory by volatilizing a small piece of sodium —be- 
tween the poles of an electric lamp. The green line will 
be seen bright, while D is very dark. 

In the bodies in which these phenomena apparently 
occur — for so far I have found no other origin for the lines 
recorded 569, 570, and 571 — the wave length of the green 
sodium line being 5687, such as Wolf and Rayet's three 
stars in Cygnus and in 7 A^gOs, the continuous variability 
of D is one of the facts most clearly demonstrated by the 
observations, and it is obvious that this should follow if 
from any cause any variation takes place in the distance 
between the meteorites. 

In all meteoric glows which have been observed in the 
laboratory, not only D but the green line have been seen 
constantly bright, while we know in Comet Wells most of 
the luminosity at a certain stage of the comet’s history 
was produced by sodium. It is therefore extremely 
probable that the view above put forward must be taken 
as an explanation of the absence of D when not seen, 
rather than an abnormal chemical constitution of the 
meteorites— that is to say, one in which sodium is absent. 
This may even explain the fact that up to the present 
time the D line of sodium has not been recorded in the 
spectrum of any nebula.' 


Detailid Discussiofi of the Spectra of some Bright’ 
Line Stars. 

These things then being premised^ I now submit some 
maps illustrating this part of the inquiry, although it 
will be some time before my investigations on the 
bright-line stars are finished. These maps will indi- 
cate the way in which the problem is being attacked, and 
the results already obtained. To help us in the work we 
have first of all those lines of substances known to exist in 
meteorites which are visible at the lowest temperatures 
which we can command in the laboratory. We have also 
die results of the carbon work to which reference was 
made in the previous paper ; and then we have the lines 
which have been seen, although their wave-lengths have 
in no case been absolutely determined, in consequence of 
the extreme difficulty of the observation, both in stars 
and in comets, which 1 hold to be almost identical in 
structure. 

, In the case of each star the lines which have been 
recorded in its spectrum are plotted in the way indicated 
in the maps. The general result is that when we take 
into account the low temperature radiation, which we 
bhm ftbua the laboratory work, not only can we account 
for the existence of the lines which have been observed, 
blit amarent absorptions in many cases are shown to be 
coinewent with the part of the spectrum in front of a 
bright carbon fluting. 


* In 1^ Uctur* th« author htne roferrtd to th* *pectruin of a Cell, as photo- 
gmftbttd by Prof. Pickering for the Hoory Draper Memorial, the ilide having 
haaa kindw pHacod at Mu dUpoMl hy the Council of the Royal Astronomicel 
StMBbly* AlUbe bright hydre^lfaMi tb the violet and ultra-violet are sHoon 
m^ f fcotof i nph; adriilhtf«coep«)oit of the oae which » naarly poinoidetic 
uddl H. The apparaat ab^aoe of thU line is in all probabiUty due tp the 
tnWkibg eflect of riut abeomtipa-kna of calcium. In thU cue. then, it 
a#^Mta that the catriun vapour la duUMa the hot hydrosut utd this there- 

^ Ilea ImIpi giveb by dm 


A continuation of this line of thought shows us also 
that, when in these stars the spectrum is seen far into the 
blue, the luminosity really proceeds first from the carbon 
fluting, and in the hotter stars^ from the hydrocarbon 
one in addition, which is still more refrangiUe. In the 
stars which have been examined so far, the dark parts of 
the spectrum, which at flrst sight appear due to absorption, 
are shown to be most likely caused by the gap in the 
radiation in that part of the spectrum where there is no 
continuous spectrum from the meteorites, and no bright 
band of carbon. 

All the observations, it would appear, can be explained 
on the Assumption of low temperature. 

Notes on the Maps. 

Lalande 1341 2. — Doth Vogel and Pickering have 
observed the spectrum of this star and have measured 
the wave-lengths of the bright lines. 

Vogel gives a sketch of the spectrum as well as a list 
of wave-lengths. 

Vogel mentions a dark band at the blue end of the 
spectrum, and gives the wave-length in his sketch as from 
486 to 473. 

Both observers measure the bright 486 hydrogen (F) 
line. 

Vogel measures a bright line at 540, while Pickering’s 
measure is $45 ; but Pickering in another star, Arg.- 
Oeltzen 17681, has measured this line at 540, so there 
can be little doubt that is the correct wave-length. 

Vogel measures a line at 581, but this has not been 
noticed by Pickering. 

The bright part of the spectrum extending from 473 
towards the blue with its maximum at 468 is, I would 
suggest, the carbon band appearing beyond the continuous 
spectrum, the rest of the carbon being cut out by the 
continuous spectrum, although 564 asserts itself by a 
brightening of the spectrum at that wave-length in Vogel’s 
sketch, and by a rise in his light-curve. 

The line at 540 is the only line of manganese visible 
at the temperature of the bunsen burner, while the 581 
measurement of Vogel is in all probability the 579 line, 
the strongest line of iron visible at low temperatures. 

In this star therefore we have continuous spectrum from 
the meteorites, and carbon bands, one of them appearing 
beyond the continuous spectrum in the blue as a bright 
band; bright lines of hydrogen, manganese, and iron 
being superposed on both. There is no absorption of any 
kind, the apparent dark band being due to defect of 
radiation. 

Vogel’s results are given in the Pubiicationen des 
Astrophysikalischen Observaioriums zu Potsdam^ vol. iv. 
No. 14, p- 17. 

Pickering's are published in the Astrenomiseke 
Nachrichteny No. 2376; Science y No. 41; and quoted 
in Copernicus y vol. i. p. 140, 

znd Cygnus.—h.Xy. -f 35“, No. 4013. — Messrs. Wolf and 
Rayet, in 1867, first observed the spectrum of this star, 
and measured the positions of the bright lines. Micro- 
meter readings and reference lines are given by them 
from which a wave-length curve has been constructed. 
Tht wave-lengths of the bright lines in the star thus 
ascertained are : 581 (7), 573 (p)» 540 (^),and 470 (a) ; the 
relative intensities being shown by the Greek letters. 

**La ligne /3 est suivie d’un espace obscur; un autre 
espace tr^s- sombre prdc^de a” 

Vogel afterwards examined the spectrum, measured 
the positions and ascertained the wave-lengths of the 
bright lines, drew a sketch of the spectrum as it appeared 
to him, and a curve showing the variation of intensity of 
the light throughout the spectrum. 

The wave-lengths given by Vogel are 582 and 570, and 
of a band with its brightest part at 464, &ding on in both 
directions and according to the sketch having its red 
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liinil at 4C^3* the light curve Vi^el not only shows 
S&a attd 570 hjaes, but al^a bright lines in poshioQs which 
by a Garre have been found to correspond to wave-lengths 
540 aasd 6^. Vogel indicates in his sketch a dark 
band extenJung from 486 to the bright band 473, and an 
apparent absorption 00 the blue side of the 57a line, this 


absorpHon being ended at 564. Tbeae two heedi 
in position with the dark apacee ohfeeved by H 
Wolf and Rayet. The briglk band in the blue at 473 it 
most probably the cadion band appearing blight upon a. 
faint continuous spectrum, this Reducing the apparent 
absorption from 4TO to 473. If the bright carbem really 



Fig. 4.— Mar showiag th« proV»ble origin of UwsjMCtnm of Lakade X34M. 



Fro. 5*— Maa. showing tb« probuMe origin of the tpecuum of WoK* and Rayot's and star \n Cygnue. 

aw—a* for tbo appoorance of a dark band botw«eB the toroperature iron lino. The $70 lino i* 

and 564 . in thin st»r, all the appartnt abaorp* ere« aodijain fine the atoaeneeof ttar ■ ■■•iS 

tion it explained as due to coatraot of bright bands on a being exidhined by t^ half-attd>half 
fainSenooadnami 'Bpectnta dne.to red-hot motoariteK tadiotiosi moBCioiMd in »w 
Xltefiawnlt 5 fi 0 in dio only litnr ef manssiMM viaita]« in maok end present the appearance of the «» rr. i« « 
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fttie Une^t 636 is in the red just at the end of the con- 
«peetrtitt), and as yet no origin has been found for 
it, aldkehigh it has been observed as a bright line in the 
Limeriek meteorite at the temperature of the oxyhydrogen 
btow^pipe. 

This star therefore gives a continuous spectrum due to 
radiation from meteorites, and on this we get bright 
one carbon band appearing separate in the 
hiibis)9 bright lines of iron, manganese, sodium, and 
attjnae ns y^t uBdetermined substance giving a line at 636 
|lL Ihe^aj^ydrogen blow-pipe. 

iWiilf .Afnd Eayet'S results are given in the Comptes 
bcv. p. 392. 

S>r> Mlgel'B ati from iht Pu 6 /icaitmten des Aitrophy- 
sikudMhm Obstrwtoriums zu Potsdam^ vol. iv. No, 14, 

^ "TSi above arc ’only given as examples of the seven 
bright<^ltne stars explarned in the lecture. 

{To he continued!) 


TNE ROYAL SOCIETY SELECTED 
CANDIDA TES. 

'T'flE iotU owing fifteen candidates were' selected on 
» Thursday last by the Council of the Royal Society 
to be tecommended for election into the Society. The 
faifcbot will take place on June 7, at 4 p.m. We print 
uWi the name of each candidate the statement of his 
qualifications : — 

Thomas Andrkws, F.R S.E., 

FX^Suf, Assoc.M.Intit.C.lL. Ironmaster and Metallurgist. 

by the lAsdtution of Civit Engineers, for original 
niftaUBKiical Mnd physical researches, a 1 elford Medal and a 
Tsifoid Premium, Session 1SS4; agatn a Telford Premium, 
^nsmlnn ittk : aod another Telfora Premium, Session 1S86. 
Alldibr of the following eighteen papers In Proc. Roy. Soc. 
Loud, (four ^pers)* ** Electromotive Force from difference of 
Sidhsky in Tidal Streams,*’ ** Action of Tidal Streams on 
Metals during digusion of Salt and Kresli Water,” “ Reversals 
^.ElBBiMvnBotive Force between Metals of High Temperatures 
W^Kuaed Salts, Ol>«ervations on Pure Ice and Snow” (a 
datsamination of their relative conductivity for heat, and the 
gMt COftfracrioQ of ice at extremely low temperatures, &c.) ; 
Tr«ii|i. «nd Proc, Roy. Soc. Edin. (four papers), “On 
£UlLsrive.£lectro*cheinical Poritions of Iron, StceU, and Metals 
in ,Sca Water,” “Apiwirent Lines of Force on passing a 
Chamt throiigh Water,” “Resistance of Fused Halogen 
SaUs.^ “Electromotive Force between Metals at High Tcm- 
p^rahim”; Proc. lost. Civ. Eng, (four papers), “On Galvanic 
hatween MeUlii) loog exposed in Sea Water,” “Cor- 
rdsUo Mntals kmg exposed in Sea Water,” Author of an 
iwvertjgliiiDn on “ Effects of Temi^erature on Strength of 
A«lea,” part I., II., and III., conducted by the author 
<U a of nearly ;f8oo, to determine on a large .scale the 
t^^taoee of metals to a sudden concussion at varying tempera- 
turndown to aero P'. Author also of papers “On Variations 
of of River Waters” (Chem. Soc., 1875), and 

from Colliejy Mineral Waters” 
(Irii Asm. tle|L, Chemicid Section, 1879), and “ On Strength 
of ; Weitiagbt Ireii Railway Axles *V(Tr»ns. Soc. Eng., 1879 ; a 
pinearhtIMh for this paper). At present engaged 

**00 st>m< Novel Magneto-Chemical Effects on 
Iroi^^ and **Onthe Construction of Iron, StecK 
at Low Temperaturet - s®** F.,” and ** On the 

James Thomson Bottomt-ey, M.A., 
Etawmoatratiar ^ Experimental Physics in the University of 
Claigaat After beliw sovcnl years with Ur, Andtews in 
pupil, AmT as aaiUtaut afterwards, he aaec^ as 
DMw&ilNaMnr in Chamilat^ in King’s College, I.oadoa. under 
Qr. W, A. Millar, end tubMm*eatly as uemonstvator And 
Laadnwrdtt Nemaal Mdtwn, nnder Pref. W. G. Adams, till 
Ae mmt Hn kk ptmmt post in the University of 
fifanipe. AaApar of **%iiaaBk9/’ iot the Science tad Act 


Department ; “ Hydrostatics,” ditto ; “ Mathematical Tables 
for Physical .Calculations ; ” Essay on the Progress of Science 
since 1833 (“ ConversationB- Lexicon ”) ; all the articles on 
Electricity and Magnetism in Moxon's “ Dictionary of Science.” 
Also of many scientific articles describing hU own expertmental 
researches, including “Thermal Conductivity of Water” (Phil, 
Trans., 1881) ; “ Permanent Tein|»t:rature of Conductors, &c/' 
(Proc. Roy. Soc. Kdin.), &c. 

Charuis Vernon Boys, 

A. R. S. M. Demonstrator of Phyrie^, Normal School of .Scienoe 
and Royal School of Mines, Author and joint. author of the 
following;— “Magneto- Eiecfcric Induction” (Proc. phys, 60c., 
1879 ana 1880) ; ** An Ibtegrating Machine^* (Proc. Phys. Soc., 

188 1) ; “Integratii^ and other Apparatus for the Moaaaeemciit 
of Mechanical and Electrical Forces ” (Free. Phyi fine.,* .e88z) ; 
“Apparatus for Calculating Efficiency* (Proc. Phya Sec,, 

1882) ; “ Measurement of Curvature and Refractive Index ” 
(Pioc. Phys. Soc., 1882); “Vibrating Electric Meter” (Proc. 
Roy. Inst. 1883); “New Driving Gear” (Soc. Art. Lect., 
1884) ; and other papers. 

Arthur Herbert Church, NI.A, (Oxon.), 

F.C.S , F.I.e. Professor of Chemistry in the Royal Aeodeaiy 
of Arts. Sometime Professor of Chemistry in the Roym 
Agricultural College, Cirencester. kesearchfig tn Aniiii^ 
Vegetable, and Mineral Chemistry, e.,f. TnraciB, no OBimal 
pigment containing copper (Phi). Trans., 1869); Colam, the 
l>igment of Co/eus Verse kaffeliii (Journ. Chem. Soc , 11677) ; 
Aiuminiwtn in certain Cryptogams {Chemical Nem^ il6^) $ 
Vegetable Albinism ( Journ. Chem. SoC., 1879, 18^, -tdinft, 
Pts. I. -I II.); New Mineral S()ecies, CKurchite, TavLstook&fte, 
Hayldonite {ihtdt 1865) ; Namaqualite 1870} ; Amalyau 

of Mineral Phosphates and Arseniates j 868, l^o, 1673, 

1875, &c., Proc. Roy. Irish Acad., 1883), &c. 

Alfred George Greenhill, M.A.,, 

Professor of Mathematics for the Advanced Class of Artillery 
Officers at Woolwich. Was Second Wrangler and bracketed 
Smith’s Prieeanan in 1870. Has been ModeistoraMid ifiwwahtef 
for the Mathematical Tripoli, University of Cambridge, ia 
1875, *77, ’78, *81, ’83, *84, Author of “ DjfrcMiitial ,«ad in- 
tegral Calculus” (1886); Article on HydroneefannbB dtt due 
“ Encyclopaedia Britannica.” Also of the following 
the Proceedings of the Royal Atullery 
required for Stability of Elongated Projediles'” (roU 
“ Motion in Resisting Medium ” {ihid) ; “Tn^Mtwry ftWiCubk 
Law of Kesistanoe’^ (veil, xiv.) ; “Reducrion of Salffifrnftih^ 
Experiments”. (vol. xv.) ; “ Siacci’s Method fbraolMidg flaWirtic 
Problems ” (vol. xiv.). In the J^mal di Pkmi^e r— friir 4 « 
Magnetisme induit crun KllitMoide creux” (mx). Amtrumn 
Joumnl of Mathematies — “ Wave Motion ha Hydoodiwinifil 
(vol. ix.). In the Screw -pro pelkr fimcietkcy” 

(18H6). In the Quarterly Journal of M<Uhtm 0 ties PreoeMintL 
and Nutation ” (vol. xiv*") ; “ Plane Vortex Motion” (wol. «v;) ; 
“Motion of Top” “Motion of Water in Rotating 

Paraliclopiped ” (*W); “Fluid Motion between Confocu 
Ellipsoids’* (vol. xvi.) ; “Solution by Elliptic Knpctioiu of 
Problems in Heat and Electiicity ” (vol. xvu.) ; “Functional 
Images in Cartesians” (vol. xviii.) ; “Complex MaUipUcacion 
of Elliptic Functions” (vol. xxii.), and otma In Messtn^, 
of Alatkemaihs : — “Fluid Motion” (vola. viit-x.) ; “Lord. 
Rayleish's Theory of Tennis Ball” (vol, ix.) ; “ Period£qttatlon 
of Lateral Vibrations ” (vol. xvi. “Sumner Hoes on MercatorU 
Chart ” (fiJitVf.) ; “Solution of Cubic and Quartic” (voL xrik}. 
In the Proceedings of the Cambridge Philosophical Society : — 
“Rotation of Uqiiid Ellipsoid” (voJj*. 115 ^, iy.) ; **G4f«ien?a 
Function for Rectangular Parallelopiped " (vol, iU.) j ** Integrals 
expressed by ■ Inverse Elliptic Fwncti<MW;(*W, ) ; “Conjugate 
Functions of Cadesiatts” (vol. iv.) Greatest Height a Tree 
can grow” (i^fV.) ; “Complex Multiplication of Elliptic Ptinc- 
tions” (vols. iv., v.). In Proceedings InstHmion MeChamcM 
Engineers: — “ Stability of Shafting” (1883), 

LrEUT.-GENKRAL StR WILLIAM FrANCIS 

JERVDIS, ILE., G.C^M.G., 

Governor and Comntanderriii -Chief of ,N«w Zwland. .lEliiaiw* 
guiahed m A Mibtaiy EsgiABV From 1841 to 2848 muji; 
tn liouth Airica; duriitgvahich Uroe heoroded 
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workSf and added largely to the topokwaphical knowled|^ of 
that part of the world, discovering the true feature of ihe 
Quathlamba Mountains and making a minute topographical 
funrey of KafTraria ; his map, published by E. Stanford, bung 
a wonderful delineation of most di/ficult and rugged cwintry. For 
nearly twenty years, from 1^5^ t®75» employed in the design- 

ing and execution of the fortifications of the Empire at a most 
critical period, when, owing to the introduction of iron armour, 
a complete revolution took place in mattera relating to ships, forts, 
and artillery. Was a member of the ’Scientihe Commission 
(1861-62, &c.) appointed to investigate the subject of the ap- 
plication of iron armour to ships and forts. Governor of Straits 
Settlements, 1875-77. In 1877 selected to advise the Govem- 
menls of Australia on the defence of their principal htr hours. 
His recommendations have been adopted and carried out. In 
1877 appointed Governor of South Australia, and in that 
capacity, as also in that of Ciovemorof New Zealand (since 1882), 
has promoted the progress of Science in various ways. 

Charj.es Lapworth, 

Professor of Geology in the Mason Science College, Birmingham ; 
Hon. LL.D. (St. Andr. ). Most important contributions to the 
right understanding of the stratigraphy of the North-West 
Highlands and the Southern Uplands of Scotland, and invesli- 
gations of the Palceozoic and other strata, as published in his 
papers on "The Moffat Series,” "The Girvan Succession,” 

" The Stratigraphy and Metamorphism of the Duness and 
Eriboll District,” the "Secret of the Highlands,” the "Close 
of the Highland Controversy,” "Discovery of the Cambrian 
Rocks in the Neighbourhood of Birmingham,” ami on "The 
Classification of the Lower Palaeozoic Rocks,” &c., — papers 
published between 1878 and 1887 in the Quart. Joum. Geol. Soc , 
and the GeoL Afa^. Also for his Palseontological work, es- 
pecially among ' the Rhabdophora, mainly published in six 
papers between 1873 and 1887. Recipient of the Murchison 
and of the Lyell Funds, and of the Bigsby Medal of the 
Geological Society. 

T. Jeffrey Parker, 

Professor of Biology. Author of the Memoirs enumerated below. 
Distinguished as a Comparative Anatomist and as a Teacher. 
Has introduced an important new method of preserving the 
skeletons of cartilaginous fishes for museum pumoses, and has 
rendered service to the cause of Science in the Colonics by his 
creation of the Otago Museum, and by his popular lectures and 
addresses. He has published thirty- three original papers on 
Biological subjects in the Proceedings and Transactions of 
various Societies — Royal, Zoological, Royal Microscopical, &c. 
Amongst these may be mentioned the following, viz. ; — "On 
the Stomach of the Fresh-water Cray-fisfi,” "On the Stridu- 
loting Organ of Palinurus vttigarisy* " On the Intestinal Spiral 
Valve in the Genus Raia” "On the Histology of Hydrg, 
fitsca^*" "On the Venous System of the Skate,” "On the 
Osteology of Pe^tcus argenteus^'' " On the Blood-vessels of 
Mustelus antarcticus^^ Stc. • 

John Henry Poynting, M,A., B.Sc. 

professor of Physics in the Mason College, Birmingham. 
Author of the following papers " On a Method of Using the 
Balance with great Delicacy ” (Proc. Roy. Soc., vol. xxviii.) ; 
''On the Graduation of the Sonometer ” (/ 54 iV. Mar., 1S80) ; 
"On a Simple Form of Saccharimeter” {ih'd., 1880); "On 
Change of State : Solid-Liquid ” 1881) ; " On the Con- 

nection between Electric Current and the Electric acd Magnetic 
Inductions in the surrounding Field ” (Proc. Roy, Soc., vol. 
xxxviii.) ; " On the Transfer of Energy in the Electro-magnetic 
Field” (PbU. Trans., 1K84, Part U.J. 

William Ramsay, 

Ph.D, (Tub.). F.C.S., F.I.e. Professor of Chemistry, Uni- 
versity College, London. President of the Bristol Society of 
Naturalists, and of the Bristol Section of the Society of 
Chemical Industry. Distinguished as a Chemist, and especially 
for hts researches in Chemical Physics. Author of the following 
papers :—"Orthotoluic Add and its Derivatives” (tudi/i 
AmtaitHf 187^); " Picoline and Us Derivatives” (/%i 7 . Mag,, 
1876-^78}; "The Oxidation Products of Quinine and allied 
AlkaloidB" (Joum. Cbem. Soc., 2878^79); " Sp<wific Volemes ” 
i879-«i) ; " The Volatilization erf Solids ” (Phil. Tiant-, 


— ' - 

Pt I., 1884)'; " The Vapour Pressures of Solids and Liquids ” 
(Phil. Trans., Pt. 11 ., 18S4) ; " A Stttdv of the Theim^ 
Properties of Alcohol ” (Proc, Roy. Soc., ml, xxxviii^ p. 5*9) 1 
" On Evaporation and Dissociation ” (Preliminary Notice^ Rep« 
Brit. Assoc., 1884). 

Thomas Pridgin Teale, M.A. (Oxon.), 

F.R.C.S., 1857. Surgeon to the Leeds General Infirmary. 
Late Lecturer on Su^ry, Leeds School of Medicine. Memb^ 
of the General Medical Coundl, Eminent as a Sanitary Re- 
former, and Suigeon and Ophthalmologist. Author cu— (a) 
various Papers and Lectures bearing upon Public Health and 
Sanitary Reforms, among which are (1} "Dangers to Health 
in our own Houses,” a lecture at the Le^s Lit. and Phil. Soc.f 
1877 ; (2) " Dangers to Health ; a Pictorial Guide to Domestic 
Sanitary Defects,” 4ih ed.. 1883 (also in French and Genaan) ; 
(3) " Economy of Coal in House Fires,” 1882 ; (4) " Address on 
Health ” (dealing with the effects of Modern Educational Systems 
upon Health), delivered as President of the Health Section of 
the Social Science Congress at Huddersfield, 1883. (^) Papers 

of value in Surgery and Ophthalmology, extending fiom 1850 to 
1885 — (i) "On the Treatment of I^icorymal Obstructions, with 
suggestions to use Bulbed Probes ” {Med, Timts and Gax,, 1866} ; 
(2) " On the Relief of Symblepharon by the TranspUmtation of 
Conjunctiva” (Ophth. Hosp. Rep., vol, iii., and Report of the 
International Ophthalmic Congress in London, 1872) ; (3) " On 
Extraction of Soft Cataract by Suction ” (Ophth. Hosp. Rep., 
vol. iv.) ; (4) " The Relative Value of Atropine and Mercury to 
Acute Iritis” (iUd., vol. v. ) ; (5) "Enucleation of Nkvus” 
(Tnms. Med. and Chir. Soc., 1867) ; (6) "On Atrophy induced 
by Cicatrix ” {BHt. Med Journ., 1867) ; (7) "On the Stimulation 
of Hip Disease by Supnuraiion of the Bursa over the Trochanter 
major” (Clin. Essay, ISlo. 2, Lancet, 1870); (8) "Ovariotomy 
during Acute Inflammation of the Cyst” {Lancet, 1873); ( 9 ) 
" Ovariotomy in extremis” (Clin. Essay, No. 4, Lancet, 1874); 
(10) " Exploration of the Abdomen in cases of Obstruction of 
the Bowel” (Clin. Essay, No. 5, Lancet, 1875); (ii) "On the 
Treatment of Vesical Irritability and Incontinence in the Female, 
by Dilatation of the Neck of the Bladder” (Clin. Essay, No. 6, 
Lancet, 1875) ; (12) "The Surgery of Scrofulous Glands” (Med^ 
Times and Gazette, 1885). 

William Topley, 

F.G.S., Assoc. Inst, C.E. .Student of the Royal School of 
Mines, 1858-61. For twenty years engaged in the Geological 
Survey ; and has mapped parts of Kent, Surrey, Durham, Noi^- 
umberland, &c., with illustrative sections and memoirs. Author 
of a general Memoir on the Geology of the Weald of Kent and 
Sussex, Author of various papers in Quart. Joum. Geol. Soc. ; 
of a paper on the Relation of Geology to Agriculture, in Journ. 
Roy. Agric, Soc. ; and on the Channel Tunnel, in <^rt, Journ. 
Sci. Assisted Dr. Buchanan in a Report to the Privy Council 
Medical Officer, on the Distribution of Phthisis as affected by 
dampness of soil. Secretary (1872-81) of the Geol. Section of 
Brit. Assoc. Member for England of the Committee for 
preparing an International Geological Map of Europe. Editor 
of the Geological Record. President, Geolc^ists' Association. 
Author of Report on "The National Geological Surveys of 
Europe” (Brit. Assoc., 1884). 


HENRY TRIMKN, M.B. (Lond.), 

F.L.S. Director of the Royal Botanic Gardens Ceylon. Dp 
voted to the study of Botany, systematic, descriptive, economic, 
geographical, and historical. Editor of the Journal of 
Botany^ i^a-79. Author (in conjunction with Mr W. T. 
Thiselton Dyer, F.R.S.) of "Flora of Middlesex ” (i860) ; of 
the Botanical oortion of Bentley and Trimen*s "Medictnaj 
Plants” (1875-80) ; and of more than sixty papers on bouhic^ 
subjects, including:— "Descriptions and Critical Obiejrvatious 
on the Successive Additions to the British Flora” (/tfitrrw. cd 
Bot., 1866-79); "The funcacea of Portugal” (i3frf,, 187a); 
" Sptneeria, a new genus of /Rosacea ” {i&id., 1879) ; " Fkyli^- 
cA$s, a new genus Of Oraminea*" (i&id.) ; "Notes on 
»nd Bota” (Unn. Soc. Joum., 1877-79}; “Syntemrtlc 
logue of the Pbenerog;ami and Fern* of Ceylon" (Toani. Aite 
Soc. Cejrlon, 1865); '‘Note, on the Fl^ of wS; 

p^ptioM ^ many new ipecie*" ef AfT/iStei, 

* Hemunn t Cqrlon Herbanum end Xinnceni*, • FltfM &f. 
kntee ’ ”1^ t criticut emminetion of the oluiti of ibnM^ 
detcribed tyXiaiMeiii (Linn. Soc. Jonm., 1W7), 1» 
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th« Mbdru Government on the Cinchona Plantationn of that 
" {1883) ; '* Annual Reports of the Botanic Gardens, 

Ceyto^”(i88o-85)> 

Hekry Marshall Ward, M.A., 

F«L.S. Fellow of Christ's College, Cambridge. Professor of 
Botany, Royal Indian Engineering College, Cooper’s Hill 
(Forestry Branch.) Distinguished for his researches in Histo- 
I<y$aJ and Cryptogamic Botany. Appointed by the Secretary 
ofState for the Colonies to visit Ceylon, 1879-81, to investigate 
the Coffee- l^eof Disease. Has published numerous researches, 
of which the following are the more important On the 
EmbiyO’Sac and Development of Gymnodenia conopsea ” {Quarts 
hum* Micros. Sci.^ 1880, pis. 3) ; “A Contribution to our 
knowled^ of the Embryo^sac in Angiosperms" (tourn. Linn. 
Soc., l8w, pis. 9) ; First, second, and third Reports on the 
Coff^Leaf Disease, Ceylon, i88o-8x {iftid,) ; Researches on 
the Morphology and Life-history of a tropical Pyrenomycctous 
Flll^S (/fj/eWwa) *' {Quart. Journ, Micros. Sci.^ 1882, pis. 2); 

Cmervations on the genus PythuenV* {Quart. Journ. Micros. 

1884, pis. 3); “On the Structure, Development, and 
Life-history of a tropical Epiphyllous Lichen [Strifruia com- 
piumiaY* (Tmns. Linn. Soc., 1883, ]^s. 4) ; “On the Morpho- 
logy and the Development of the Perithecium of Melioh^ a 
genus of tropical Epiphyllous Fungi” (Phil. Trans., 1883, Pis. 
3) : *VOn the Structure and Life -history of Entyloma Ranun- 
rift” (Phil, Trans. 1887, pis. 4); “On some points in the 
Histology and Physiology of the f'lMits and Seeds of the genus 
Rhamnus** {Annals of Botany ^ 1887, jds. 2). Translator of 
"tieciurea on the Physiology of Plants,” by Julius von Sachs 
(Clarendon Press, 1887), 


William Henry White, 

Assistant Controller and Director of Naval Const ruction. Charged 
with principal responsibility for design and construction of all 
ships of the Royal Navy. Author of a “Manual of Naval 
Architecture,” adopted as a Text -book in the Royal Naval 
College, issued to the Royal Navy, translated into German and 
Italian, and officially issued to both fleets. Author of numerous 
papers on the science and practice of Shipbuilding, most of these 
being published in the Transactions of the Inst, of Naval 
Architects, of which he is a Member of Council. In these 
papers there is a_ large amount of original scientific work, 
notably in “ Calculations for the Stability of .Ships,” 1871 
(wiitten jointly with Mr. M. John) ; The Geometry of Meta- 
centric Diagrams,” 1878; “The Rolling of Sailing Ships,” 
1881 ; “The Course of Study at the Roy. Nav. College,” 1877. 
Engaged in extensive theoretical investigations and experi- 
ments on the Structural Strength of Ships, and the Strains to 
whidi thev are subjected at sea. Many of the results published 
in the “ Manual of Naval Architecture " and Trans. Inst. Nav. 
Ar^itects. Has had much to do with the extension of system- 
atic observations of rolling, pitching, and general behaviour of 
H.M. ships at sea, from which much good has resulted to Ship- 
de^n, and valuable additions have been made to trustworthy 
iafofniation on Ocean Waves. Has also been able to render 
good service to the general extension of scientific methods of 


Ohservlng and analyzing the steam trials and turning trials of 
H.M. Ships. Was closely associated for some years with the 
late Mf. Froude, and with the practical development in the 


dfiigjas of H.M. ships of the principles deduced from model 
eapOrim^ts originated and conducted by Mr. Froude, which 
eVqsoHmMts are now superintended by the late Mr. Froude's 
son, Mr. R. G, Froude. Is the designer of some of the swiftest 
s|hm affoat, both armoured and unarmoured, in which designs 
^^tartures were made from previous practice. Is a 
of the Inst. Civ. Eng. ; of the Council of the Inst. 
NkW Ardkitects; Hon, Mem. of the N.E. Coast Inst, of 
and Shipbuilders ; Member of the Roy. Unit, Serv. 
UK Mas tUploxna as Fellow of the Royal School of Naval 


la$ tUploxna as Fellow of the Royal School of Naval 
tnee (highest class). Professor of Naval Architecture at 


ith lUmimgton^ l 87 i‘ 73 » and at Royal Naval College, 


f^fSlA^TDS X)F VULCANO AND STROM BOLL 

f It, ^ gpriBg of last y«ar, accompanied by my friend 
f Qietano Pktania* I passed a month in a 

IPMpnw nmtble through the ABoiiao islands. In con- 


sequence of such a short stay, no observations were carried 
out with sufficient detail and accuracy to be worthy of 
publishing, especially after the many important observa- 
tions that we already possess from Spallansani to Judd. 
Unfortunately, the isolated position of the group, and the 
absence of any sufficiently qualified local observer, render 
it impossible to have continuous records of the vulcano- 
iogical and seismological phenomena of the islands ; in 
fact, what little is known has come from the few scientific 
travellers who from time to time visit this out-of-the-way 
locality. It is for that reason, therefore, that the following 
notes have been written, in the hope of saving a few of 
the links in the broken chain of the record of the two active 
volcanoes of StromboU and Volcano. 

Wc arrived at Vulcano on May 24, 1887, and left the 
island on May 28. The ermption that had occurred 
during February and two following months of 1886 
had drilled out the bottom of the crater, so that the 
lower half of the path (on the west side) leading down 
to the bottom of the crater had been removed, and 
its lower end terminated abruptly in a cliff sheer down 
to the crater bottom. In consequence we were unable to 
descend, but we could on two days get a good view of the 
crater bottom. Much hissing and blowing off of steam 
was going on from the fissures of the floor of the crater, 
which was covered by a layer of purplish-gray ash 
washed down from the sloping sides. The edges of the 
fissures in the bottom and lower part of the crater sides 
were covered by a yellow crust of what was no doubt 
sulphur, boric acid, &c. 

6n the somewhat flattened ridge forming the northern 
lip of the crater, and not very far from the head of the 
celebrated obsidian lava stream, was a very large fumarole 
emitting a strong and large jet of steam under pressure, 
having about the size and force of that of the bocca grande 
of the Solfatara. With our sticks we removed some of 
the stones choking the hole, which on their cooler parts 
were covered with deposits of sulphur and realgar. When 
this was exposed to the full jet of steam, the minerals were 
melted, and blown away or over the surface of the blocks, 
forming a kind of reddish varnish or patina, whilst a rain 
of drops was thrown into the air, so that our clothes and 
hats were bespattered with beads of a variable mixture of 
sulphur and realgar. To the cast side, where are dis- 
tinguishable three crater rings, a considerable number of 
fumaroles exist, depositing chiefly sulphur, but also boric 
acid where hottest. Mr. Narlian, a resident in the island, 
says that not since the i886 eruption “has the crater 
entered into its former quiescent condition.” 

On the upper portion of the northern slopes of the 
cone, to the east of the obsidian stream, all the ground is 
fumarolic, and choked with sulphur, where that mineral is 
extensively quarried. 

Vulcanello seems on the verge of extinction, it being 
possible to find only slightly warm exhalations of watery 
vapour in a few fissures. 

During the days we were at Vulcano we noticed that 
the apparent quantity of vapour emitted had a very 
marked relationship to the moisture of the atmosphere, 
and therefore, indirectly, to the winds. The same wc also 
observed to be the case at Vulcano as we saw it from time 
to time during our stay on the Island of Lipari. 

June 1, 2, and 3 were spent at Stromboli. In ascending 
the volcano, we, on leaving the town, skirted the northern 
coast of the island, and after passing the Punta Labronzo 
commenced the ascent, gradually approaching the north- 
east limit of the Sciarra. It is a track that passes chiefly 
over hard rock, and to be stronp^ly recommended in pre- 
ference to anv other paths, which are mostly over loose 
materials. Sfarting the crater, one walks along the ridge 
of the mountain which overhangs and partly hides tnh 
crater ; we commenced to descend a little on the south eide 
of the volcanic mouth, until we arrived at a small pin- 
nacle of rock, where a good view of the crater vita 
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obtaioabk. HerCi under very great difiSculties, from the 
loosesiMia^f the ground of about two square metres upon 
which we stood, an attempt was made to take two instant- 
aneous photographs of the crater as we looked down into 
it. Ui^odtunately, both of these were useless, as we foresaw, 
from the vapour blowing towards us. 

The enter was very quiet, only throwing out a very 
few fragiments of pasty lava cake, with about four or five 
explosions during the four hours we remained near by. 
There were other explosions, but too weak to eject any- 
thing. 1 descended to the crater edge, but could not 
remain long, on account of the heat of the ground and the 
acid fumes, which seemed to be in great part composed of 
HCl with a good dash of SOg. 

On returning from the crater edge and descending a 
little lower on the south-west of the Sciarra, a good view 
is obtainable of that slope and the crater. Here two 
successful photographs were taken, which show very well 
the crater with its relative position to the summit of the 
mountain and to the Sciarra. On the following day the 
tour of the island was made in a boat, and, as only a 
few stones were being ejected, we were able to land on 
the narrow ledge or beach at the foot of the Sciarra. 
Two successful photographs were taken from the Scoglio 
dei Cavassi, from which a fine view is obtainable of the 
Sciarra and the crater. 

During our residence on the island, and our stay at 
Salina and Panaria, we always noticed that the amount 
of visible vapour issuing was in direct proportion to the 
humidity of the atmosphere. On account of the great 
quietness of the volcano, it was impossible to form any 
judgn>ent as to whether there was any relation of increased 
or diminished activity to the barometric pressure, and so, 
indirectly, to the winds. 

Since leaving the island, correspondence has been kept 
up between Signor Giuseppe Rcnde, the post and 
telegraph master, and myself. The following information 
I have been able to glean from that gentleman^s letters. 
From Tune to November 1887 the volcano remained in its 
normal state. On November 18, a moderate eruption 
{eruzione mediocre)^ and the wind blowing from the west, 
a shower of scoria (? fragments) {aride pi€tre\ fell amongst 
the vines near the village. This was accompanied by 
explosions which, it appears, considerably frightened 
the pfic^le. Later, the scoria {potnici) fell into the sea, 
which it covered as far as the eye could see. Un- 
fortunately, Signor Rende did not preserve any of the 
€ject<mtentay but, judging from what one sees composing 
recent deposits of the island, the material was a pumiceous 
scoria, or a light scoria, as it appears to have floated on 
the sea. 

In answer to further inquiries. Signor C. Rende tells 
me that the floating scoria extended eastwards as far 
as the eye could reach. No lava appeared, but a small 
mouth opened at the edge of the crater, but in a very few 
days disappeared. He then goes on to say : — 

“ I draw your attention in this letter to a very remark- 
able fact. On the 25th of last February (/>, 1888), at 4.31 
p.m., occurred two little shocks of earthquake of un^ 
dulaiory character, followed by a subsuUory one, so that 
we thought it would be the end of the world for us. 
Never had a suhmfU>ry earthquake been felt. It split 
v^ious houses, overturned walls, and made earth-banks 
slip. Those who had their eyes fixed on the mountain 
aeemed to sec the summit of it fiaU over from south to 
north. People who were working amongst the vines fell 
on their faces. N^o victims. Neither Panaria, Lipari, nor 
the other islands noticed the shock. The volcano (Le. 
Stromholi) was in no way affected {non fece mmm 
eilcund),^^ 

Prof, ^encalli has collected together what is kt»wn 
of the hi&tory of Volcano and Stromboli. He also 
published accounts of the state of these volcanoes during 
the years 1882-86 inclusive Natura deile enuioae 


Stromboli,” Atti della Sac. Hal. di Sc. J\lal^ Nol ; 
“Notizie sullo state attuale .dei vulcani atiivi 
tdid. vol. xxvii. ; La fossa di Vulcano e Jo StcomboU dal 
1884 al 1886,” rbtd. vol. xxix.). 

The eruption of November 18, 1887, is curiously near 
the date of November 17, 1882, when one of the strongest 
modern eruptions of Strom boli occurred, and when five 
lateral mouths opened on the Sciarra about 100 metres 
l)elow the crater edge, but without the ejection of a lava 
stream. As on one or two other occasions, tlm last erup- 
tion extensively covered the sea with scoria, a fact of 
no small importance when we take into consideration that 
Stromboli is a very basic volcano, in a unique state of 
chronic activity, and is yet able to produce scoria or 
pumiceous scoria, sufficiently vesicular to float on the sea, 
and so be transported to great distances. 

With regard to the position of lateral eruptions of this 
mountain, the only situation in which dykes are visible is 
on the north-west side and near the Sciarra, where a con- 
siderable number are to be seen. One of these is visible 
in section near La Serra, showing it continuous with a lava 
flow that oozed from it only a few metres above sea4cvel, 
indicating that not very long since a lateral eruption gave 
rise to a lava stream ; another, close to the crater, stands 
out as a great wall at right angles to the present eruptive 
axis of Stromboli, and certainly must have been formed 
when the crater was at a very much higher level. No less 
than three dykes at Stromboli are hollow ones, with their 
interspace filled in from above by loose materials, show- 
ing that they must also have been drained below present 
sea-Ievcl, as they reach — as hollow dykes — down to the 
beach. 1 believe I was the first to draw attention to this 
peculiar variety of dyke, in describing the eruption of 
Vesuvius of May 2, 1885, where it was possible to watch 
the process of formation (“ L’Eruzione del Vesuvio nel 
2 Maggio, 1885,*’ Ann, d. Accad. O. Costa dAsp. Natu- 
ralistic Era 3, vol. i. ; and “ Lo Spettatore del Vesuvio,'^ 
Napoli, 1887). These hollow dykes of Stromboli may be 
seen at La Serra, the northern limit of La Sciarra, and at 
Punta Labronzo. I expected them to be rare, as there is 
no mention of them made in any liteKiture known to 
me ; but as it is also well shown near the Punta del 
Corno, at Vulcano, it can hardly be tlie case. 

In conclusion, I take this opportunity of thanking 
Signor Narlian, of Vulcano, and Signor Rende for their 
past kindness, and for the promise of further notes on 
these two isolated, neglected, but interesting volcanoes. 

H. J. Johnston Lavis. 


HEAD GROWTH IN STUDENTS AT THE 
UNIVERSITY OF CAMBRIDGE.^ 

T N the memoir read by Dr. Venn, on April 24, at the 
Anthropological Institute, upon the measurements 
made, during the last three years, of the students of Cam- 
bridge, one column is assigned to what he terms Head 
Products,” and which may fairly be interpreted as ** Relative 
Brain Volumes.” The entries in it are obtained by 
plying together the maximum length and breadth of the 
head and its height above a specified plane. The pre^aot 
of the three detcmiines the contents of a rectangular box 
that would just include the portion of the head referr^ to. 
The capacity of this box would be only rudely propor- 
tionate to that of the skull in individual cases, but ought 
to be closely proportionate in the average of many cam. 
The relation they bear to one another affords, as it aeemS 
to me, a trustworthy basis for the -following dtsettsaien. 
especially u all the laeasiunmefits were nfutd* 
a uniform plan, but by the same operator. 
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It Will be convenient to reproduce Dr. Venn's figures in 
fl separate table, neglecting the second decimal : — 


Head Products. 


Ag». 

CkwA. 
“Hifih 
honour^ men. 

1 

Class B. 
The remain- 
ing’ ** honour*' 
men. 

Number of 
mtasures. 

’ Class C. 
Poll " men. 

} 

Number of 
measures. 1 

19 

2419 

17 

237 1 

70 

229*1 

53 

ao 

244 ‘3 

54 

237-9 

149 

335 ‘* 

102 

21 

241*0 

S 3 

2364 

»I 7 

240*2 

79 

22 

348'! ! 

50 

2417 

73 

240 0 

66 

23 ! 

244-6 1 

37 

239-0 

33 

235 0 ! 

23 

34 1 

245-8 j 

35 

251-2 


244-4 j 

U 

35 ! 

) , 






and 
up- ! 

[ 248-9 j 

33 

239-1 

20 

243-5 

26 

wards.! 

) 





1 

Z] 

1 258 


476 

! 

361 


The figures in the table arc thrown into diagrams in 
Figs. I., II., and HI., in which curves are also drawn to 
interpret what seems to be their signihcance. The great 


irregularity in Fig. 1 1 ., corresponding to the age of twenty- 
four, may be fairly ascribed to the smallness of observa- 
tions, only thirteen in number, on which it is founded. 
The three resultant curves are shown by themselves in 
Fig. IV., where they can be easily compared. It will then 
be seen that the A and C curves are markedly diHfevent, 
and that the B curve is intermediate. Acce^wng these 
curves as a true statement of the case— and they are 
beyond doubt an approximately true statement — we find 
that a “ high honour ” man possesses at the age of nine- 
teen a distinctly larger brain than a “ poll ” man in the 
proportion of 241 to 3 30 5, or one that is almost 5 
per cenw larger. By the end of his College career, the 
brain of the “ high honour man has increased from 241 
to 249 ; that is by 3 per cent, of its size, while the brain 
of the “ poll ” man has increased from 230*5 to 244' 5, or 
6 per cent. 

Four conclusions follow from all this : — 

(1) Although it is pretty well ascertained that in'the 
masses of the population the brain ceases to grow after 
the age of nineteen, or even earlier, it is by no means so 
with University students. 

(2) That men who obtain high honours have had con- 
siderably larger brains than others at the age of nineteen. 

(3) That they have larger brains than others, but not to 


Length y Breadth x ILeight of ILcaJy in inches ^ of Cambridge University Men at different Ages {from Dr. Penns Tades). 



A, First Class Men ; B, Honour Men, not First Class j C, Poll Men. 


the same extent, at the age of twenty* five ; in fact their 
predominance is by that time diminished to one-half of 
what it was. 

(4) Consequently “high honour” men are presumably, 
as a class, both more precocious and more gifted through- 
out than others. We must therefore look upon eminent 
University success as a fortunate combination of these 
two helpful conditions. 


PHOTOGRAPH OF THE EYE BY FLASH OF 
MAGNESIUM. 

^ HE effect of complete obscurity on the normal pupil 
* bias hitherto been seen only by the light of electric 
dischotges^ which allowed of no measurements. 

MM^ Miethe and Gaedicke, by their invention of the 
well-known explosive magnesium mixture, have furnished 
m with mothod. A photograph of the eye can 

m a pavfiectly dark room, showing the pupil 
ftijly dilated, as its reaction docs not begin until after 
anMsmre; 

, ; Miethe^. aatremomer at the Potsdam Observatory, 
hma^at inyat^^iHAtoii uadertoek to execute the acc«an- 
panyi^g {dictograph oC a normal eye, life-size, after a 
Wi^iaar « an hour’s rest in a carefully darkened room. 

waa iwea«Mw lo mtSL horuontaily (the 


breadth of the cornea being 13 mm.). A reflection of 
the flash is seen on the cornea. 

This kind of photography may prove a new and 
valuable method for many other branches of scientific 



research, but it is of especial utility to ophthalmology, as 
the eye, by its mobili^ and sensitiveness, has hitherto 
been a most difficult subject for the camera. 

CLAU1>£ DU BQXarRgVMOHO. 




i6 NAT[/Ii£ 


NOTES. 

The Council of the British Association has nominated Prof. 
Flower for the Presidency of the meeting to be ' held next year 
at Newcastle. 

The annual con'Mf sazione of the Royal Society will be held 
on Wednesday, May 9. 

The Council of the Marine Biological Association has 
appointed Mr. Gilbert C. Bourne, M.A., F.L.S.» Fellow of 
New College, Oxford, to be Director and Secretary of the Ply- 
mouth Laboratory. Mr. Bourne began the study of biology 
under Dr. F. Herbert Carpenter at Eton College, ai\d in 1881 
obtained an exhibition in natural science at New College. After 
studying under Prof. Moseley at Oxford and Prof. Aug. Weis 
mann at Freiburg in Baden, Mr. Bourne was placed in the first 
class in the honour school of natural science at Oxford in 1885. 
Immediately after taking his degree he proceeded to Diego 
Garcia in the Indian Ocean, with the purpose of investigating 
the fauna and flora of that island. On his return to England 
he became assistant to Prof. Moseley at Oxford, and has per- 
formed the duties of Lecturer and Demonstrator in Animal 
Morpholep for the last two years. In October last Mr. Bourne 
was elected to an open Fellowship at New College. 

On the evening of April 5, about one hundred and fifty persons 
interested in science met in the hall of the Columbian University, 
Washington, to pay a tribute to the memory of Asa Gray. 
Prof. Langley, Secretary of the Smithsonian Institution, 
presided, and addresses were delivered by Prof. Chickering, 

‘ Dr. Vasey, Prof. L. F, Ward, and Dr. C. V. KUey. 

The sixty-first meeting of the German Association of Natural- 
ists will take place at Cologne from the i8th to the 23rd of 
September next. Prof. Bardenheuer and the chemist Th. Kyll 
are the secretaries. The subjects to be considered will be 
divided into thirty sections. 

The following sums for the furtherance of scientific studies 
have been presented by the Academy of Sciences at Berlin : 
1500 marks {;f75,) to Dr. Goldstein (Berlin), a physicist ; 2000 
marks (jf'ioo) to Dr. Fabrlcius (Berlin), the archaeologist, and 
Dr. Suhlmann (Wilrzburg) ; and 900 marks (jf45) to Prof. 
Gerhard (Eislebcn). 

Captain C. E. Dutton, of the U.S. Geological Survey, is 
writing his monograph on the Charleston earthtiuake. The re- 
ports on which it will be based are complete, and in shape for 
the printer. Science is of opinion that no earthquake of ancient 
or modem times has been observed wiili such care and fulness 
of detail. Besides the observations made by Professors in several 
Colleges, by hundreds of railway officials, and at signal stations,, 
a large number of intelligent private citizens have given an 
account of their own experiences. The volume which Mr, Dutton 
is editing will also contain a report on the Sonora earthquake. 

On the night of April 17 a magnificent display of the aurora 
borealis was observed at Molala, in Sweden, in the northern sky. 
On the same night at 9.5 p.m. a phenomenon was seen in the 
north-western sky at Orebro, also in Central Sweden, having the 
appearance of a bright horizontal flash of lightning, but without 
any report. It was followed by the appearance of an unsteady 
and varying aurora. The thermometer stood at 21* C. 

On the night of March 27 a rumbling noise like that of a 
distant earthquake was heard at Aaseral, in Southern Norway, 
but no shock was felt. It could not have been thunder, as the 
weather was clear and intensely cold. 

According to the official report of the recent great earth- 
quake in Yunnan Province of China, the shocks commenced 
between 5 and 6 p.m. on January 14, and lasted till 4 o'clock 
the following morning. During this period about ten serious 


shocks were counted, all beixig accompanied by a noise like 
thunder. In district dries in die south of the provioed^ (tie tow^ 
walls were either thrown down or cracked, while public offices 
and temples shared the same fate. In the city of Shih-ping large 
numbers of private houses were destroyed, those tn the south 
and east quarters suffering most, while those which remained 
standing had cracked or slanting walls. Two hundred persons 
were killed in this town alone, and 3000 were injured. In and 
around this single city about 5000 persons were killed and in- 
jured. Most of the people were left without homes, and were 
starving, as the provisions were buried in the ruins of the houses. 
In one town the gaol was thrown down by the shocks, and all 
the prisoners escaped. The earthquake is said to be the most 
destructive ever recorded in China. The locality in which it was 
most violent is mountainous, and produces copper and a parti- 
cular kind of tea for which Yunnan is famous. The area of 
disturbance is said to be about 770 miles from east to west, and 
60 from north to south, Shih-ping being near the centre. The 
direction of the shocks appears to have been at right angles to 
the prevailing direction of the valleys, lakes, and rivers of the 
region. This, at least, is how the Pekin corr^opdent of a 
Shanghai newspaper reads the report ; and that from the 

centre of intensity, a little to the west of the city of Shih-ping^ 
there was a decided extension of the earth quake- wave north- 
ward in the direction of the Vunnaii lake Tienchih, as well as 
westward to the city of Weiyuen. 

It is curious to notice that on the day when this earthquake 
occurred there was one also at Luchon, a town in the Sxechuen 
Province, about 350 English miles north-cast of the locality of 
the Y unnan earthquake. Much loss of life is said to have taken 
place here also, and there was a great subsidence of land. No 
official report respecting this second earthquake has yet made 
its appearance. 

The Manilla Government has intrusted to the Sub-Director of 
the local Observatory the task of studying the causes of the 
numerous storms which prevail along the coast of the Philippine 
Archipelago as well os inland, with a view to drawing a 
meteorological chart of the islands, and of establishing their 
magnetic positions. 

The Pilot Chart of the North Atlantic Ocean for the 
month of March, issued by the United States Hydrographer, 
contains the following interesting facts. Three pronounced 
cyclonic storms passed over the North Atlantic during the 
month. One of these was in some respects one of the 
most remarkable and destructive storms ever experienced 
along the Atlantic coast of the United States. After 
traversing the entire American continent from west to east 
without any noteworthy eneigy, it gained terrific force on 
reaching the coast to the southward of Hatteros on the X Ith, 
Its progress eastward was delayed from the lith to the iSth 
by an area of high barometer, and it then resumed its course 
easterly with renewed energy, crossing the 40th meridian in 
about 50'' N, latitude. Much less fog was experienced off the 
Grand Banks than usual during March. Field ice was encoun- 
tered as far south as 43® N., and between 46® and do" W., but 
the amount reported was not great* Earthquakes were expe; 
rienced by the United States store-ship at Coquimbo on January 
4, and by the British ship Diadent in latitude 26^ 2' N,, 
longitude 63" 19' W , on March 1, The sensation in the latter 
cose was os though the vessel had grounded upon a reef, 

In the storm to which reference is made in the preceding note, 
oil seems to have been freely used off the coast of the Uoifed 
States for the calming of the waves. According to ScUmt^ mm 
than a dozen captains and sailing-maslers caught in the 
when at its worst believe their vessels were saved this cx* 
pedient. The sailing-master of the yacht iqporU 
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whe^ furioiu waves with an immense comb were approaching 
they were deprived of their power to do harm by a patch of 
oil 00 Utrger than a dining-room table.'" 

Another interesting mineral synthesis has just been effected 
by M. Dufet. Native di-calcium arsenate, pharmacolite, occurs 
very sparingly upon the known parts of the surface of our globe, 
and is so rarely found in well-defined crystals that M. Des 
Cloizeaux has only just completed his investigation of its 
mineralogical and optical properties. Generally tc is found in 
the form of silky fibres, but is at times met with in perfect 
monoclinic prisms of pearly lustre and frequently possessing a 
pink tint, M. Dufet has succeeded in producing these beautiful 
crystals by a very ingenious method. Two concentric vases, 
the outer containing nitrate of lime and the inner di -sodium 
arsenate, were filled with water, and so ananged that very slow 
diffusion occurred between the two liquids. The conditions of 
Nature w^ere evidently very closely imitated, for the very gradual 
precipitation thus brought about resulted in the formatiem of j 
groups of crystals, exactly resembling those of pharmacolite. 
Goniometrical measurements showed that they belonged to the 
naoDOclinic system ;and the close approximation of the fundamental 
angles to those of the mineral given by ffaidinger and Schrauf, 
and especially the still more remarkable closeness to the values 
just arrived at by M. Des Cloueaux, leave no doubt as to the 
identity of the artificial with (he natural. The chemical analysis 
of M. Dufet’s crystals leads to the formula HCaA804 4 - aHgO, 
and it thus becomes chemically as well as physically isomur- 
phous with brushite, the corresponding phosphate of calcium, 
HCaPO^-f 2 H, 0 . This result clears up the discrepancy between 
the acknowledged formula of the latter mineral and that given 
by older mineralogists for pharmacolite, 2HCaAs04 4-5U30. 
The number of minerals which have now been reproduced in 
the laboratory must be very considerable, and every day the 
likelihood is increasing that those noble species which have for 
ages been prized os gems may discover the secret of their 
formation to some indefatigable worker. Rubies and sapphires 
have already yielded, possibly the diamond may not prove 
refractory much longer. 

A VALUABLE paper, describing a new method of extraction 
of the alkaloids from Cinchona bark by cold oil, as used at the 
Government Cinchona Factory in Sikkim, was lately drawn up 
by order of the Lieutenant-Governor of Bengal, and has now 
been issued. Dt. King, the Superintendent of the Sikkim 
Plantation, carried on a long series of experiments on an acid 
and alkali process of manufacture, by which he succeeded in 
producing an excellent quinine. He never, how ever, succeeded 
in recovering much more than half of the amount contained in 
the bark on which he operated. The acid and alkali process 
hod, therefore, to be abandoned, as wasteful and inefficient. 

A process depending on the maceration of the bark in spirit 
was next tried, but, after much experiment, it was in turn aban- 
doned. During a visit which Dr. King paid to Holland in 
1S84, he obtained some hints as to a process of extraction by 
means of oil. Benefiting by the advice of some chemical 
friends, Mr. Oammie, the resident manager in Sikkim, has been 
able to perfect this process, with the result that the whole of the 
quinine in yellow bark can be extracted in a form indistinguish- 
able, cither chemically or physically, from the t>cst brands of 
European manufacture. This can be done cheaply, and the 
Bengal Government has caused an account of the matter to be 
printed, in order that private growers of Cinchona may be 
enaUed to take full advantage of the process, and that f 
pennat^t reduction in the price of quinine may ensue. 

tkE Trustees of the Indian Museum, Calcutta, have issued a cir- 
CttUw ttafitouncing that they have had under their consideration the 
means ivhereby a useful scientific examination of the insect-pests 


of India can be best effected. Bearing in view the great economic 
importance of the investigation, they have directed the first 
assistant, Mr. K. C. Cotes, to consider it an essential portion of 
his duties, and have instructed him to communicate with persons 
interested in the subject, and likely to aid the inquiry, in order 
to collect materials which may form a sufficient basis for really 
scientific conclusions. Mr. Cotes will gradually record the 
entire life-histories and practical methods of dealing with the 
principal insect- pests, publishing from time to time, as materials 
accumulate, the information collected, and distributing it to 
those interested. Those who live in the districts where the 
insects ocour, and have actual experience of the pests, are in- 
vited to send to Mr. Cotes accounts of facts they have observed ; 
and the circular includes a full statement of the points upon 
which information is wanted. 

Readers interested in (he science and practice of forestry 
w ill be interested in the perusal of a Report by the American 
Consul at Mayence, on Forest-Culture in Hesse, contained in the 
January issue of the Consular Reports of the United States. 
The writer discusses the organizations and functions of the 
department having the care of forests, the duties of the various 
classes of officials employed in forest-cultivation, the economical 
results of the system pursued, the course of instruction followed 
in the schools of forestry, the organization and methods of the 
institution for experimental forestry, and the degree and amount 
of control assumed by the State over private forests. The 
Report is exceedingly detailed, and is practically a hand- 
book of forestry as practised in the Grand Duchy. 

Prof. Blanchard, the well-known entomologist, has just 
published in Paris a book on La Vie chez les litres animes," 
in which he discusses Darwinism at length, but in a very 
incomplete manner, and of course In a hostile spirit. 

The address delivered by Mr. A, D. Michael, President of 
the Quekett Microscopical Club, on the 24th of February last, 
is printed in the Club's Journal, and has also been issued 
separately. The subject is “ Parasitism.’* 

Prof. Henry Drummond has in the press a new book, 
“Tropical Africa,” which will be published immediately by 
Messrs. Hodder and Stoughton. It will contain an account of 
the author’s recent travels in Central Africa, with one or two 
chapters of natural history. 

Mr. Lewis, of Gower Street, will publish immediately a 
volume of “ Physiological and Pathological Researches,” by 
the late T. R. Lewis, F. R.S. (elect). The work is edited by 
Sir William Aitkcn, F.R*S., G. E. Dobson, F.R.S., and A, E, 
Brown, and contains five maps, forty-three plates, including 
chronij-liLhograplis, and sixty seven wood engravings. 

At the meeting of the Institution of Civil Engineers on 
Tuesday, April 24, Mr. E. B. Ellington read a paper on the 
distribution of hydraulic power in London. In the course of 
his remarks he took occasion to refer to the large extent to 
which lifts are now used, and he considered it necessary, he 
said, to urge the importance of securing the greatest possible safety 
ill their construction by the general adoption of the simple ram. 
Suspended lifts depended on the sound condition of the ropes or 
chains from which the cages hung. As they became worn and 
untrustworthy after a short period, it was usual to add safety 
appliances to stop the fall of the cage in case of breakage of 
the suspending ropes, but these appliances could not be expected 
to act under all circumstances. 

Miss Marie Brown, well known for her researches on the 
earliest colonization of North America by the Scaadioavians, 
has presented a petition to the United States Congress urging 
that steps should be taken to secure a thorough search of the 
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a»d other Italian libraries with a view to further light 
bring thrown this question. 

Wr. W, Chandler Roberts- Austen will give the discourse 
on Friday evening, May ii, at the Royal Institution in place of 
Mr. W. H. Barlow, who is unwell 

The ad^dUions to the Zoological Society’s Gardens during the 
past week include a Bonnet Monkey {Macacus sinicus 9 ), from 
India, presented by Mr. Lionel H. llanbury ; a Macaque 
Monkey (A/a^nirus cynomolgus 6 )( from Burma, presented by 
Mrs. G. E. Buchanan ; a Scarlet Ibis {Etidocimus ruhfr\ a 
Roseate Spoonbill {Platalea ajaja\ from Brazil, presented by 
Mr. Charles Booth ; a Common Kestrel { 7 \nnuttculus 
alaudarim)^ British, presented by Mr. H. Weetman, F.Z.S. ; 
a Hoffmann’s Slotli (Cholopus hoffmanni\ from Panama, 
deposited ; three Lined Finches {Spermophila Hneola)^ from 
South America, purchased ; two Persian Gazelles [GazeEa 
sub^iterosa S $ ), two Chinchillas {Chinchilla born 

in the Gardens. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 MA y 6-12. 

/T7OR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 3 ^, 
U here employed.) 

Al Grtenwich on May 6 

Sun rises, 4h. 24m.; souths, uh. 56m. 25 '9s. ; sets, I9h. 29111. ; 
right asc. on meridian, 2h. 55 ‘5m. ; decl. id’’ 44’ N. 
Sidereal Time at Sunset, irit. 29m. 

Moon (New on May rt, ih.) 3h. 1501.; 

8h. 49m.; sets, i4h. 34m.: right a^c. on meridian, 
*3^. 47 ' 5 ™* J decl. 5® 36' S. 

Right aae. and declination 

Planet. Ri««i. Souths. Seta. on meridian. 

h. m. h. m. h. m. h. m. ^ , 

Mercury,. 4 r6 ... 11 36 .. 18 56 ... 2 3S‘r ... 14 29 N. 

Venus ... 3 56 ... 10 49 ... 17 42 ... I 47 9 ... 9 35 N. 

Mars ... 16 9 •. 21 $1 ... 3 33*... 12 51*5 ... 4 IS S. 

Jupiter ... 20 53*... 1 9 ... 5 25 ... 16 67 ... 19 52 S. 

Saturn ... 9 16 ... 17 13 ... 1 lo*... 8 12*5 ... 20 35 N. 

Uranus... 16 13 ... 21 52 ... 3 31*... 12 S2‘3 ... 4 52 S. 
Neptune.. 5 7 ... 12 50 ... 20 33 ... 3 49-6 ... 18 25 N. 

* ladicatetthat the rieingis that of ihepreceding evening and the setting 
that of tha following morning. 

May. h. 

9 ... 9 ... Venus in conjunction with and 3“ 50' north 

of the Moon, 

10 ... 22 ... Mercury in conjunction with and 5® 6' north 

of the Moon. 

IX ... o ... Mercury in superior conjunction with the 

Sun. 

Saturn, May 6. — Outer major axis of outer ring » 40" *2 ; 
outer minor axis of outer ring = 14" 7 : southern surface visible. 
Variablt Stars, 


Star. 

R.A. 
h. m. 

Bed. 

h. m. 

R Andromedfie 

... 0 |8'I .. 

. 37 57 N. ... May lo, 

M 

U Cephei ... 

... 0 52-4 .. 

. 8116N. ... „ 7, 

2 19 m 
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... 6 S7 S 

» la. 

• ao 44 N 10, 

I 5S M 
0 0 m 

S Librae 

... J4 iS’o 

8 4 ^ 

zi 12 m 

U Coronet ... 

... 15 i3'6 

• 3a 3 N 7, 

20 39 w 

U Ophiuchi... 

... 17 10*9 .. 

. » aoN 7, 

2 56 m 

Z Sagittarii .. 

... 18 14*8 .. 

and al imerval. of 
• 18 SS S 8. 

20 8 
00m 
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... 18 25'3 .. 
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2 0 m 
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... 19 46*8 .. 

.1 10, 

■ 0 43 K 8. 

I oAI 

0 0 A f 

T Aquarii ... 

... 20 44*0 .. 

■ S 34- S 7. 

w 

S Cephei' ... 

... 22 25-0 .. 

• 57 S» N 8, 

23 0 M 

IVritr Cratesis 
„ a Covanse 

.Sf slgniflttsAMtlinurnr; #r mtnlimui. 

M€U 0 r-Shawtrs, 

R.A. Dad. 

170 ... wSs ... Very slow.. 

>32 ... 27 N. ... Rather faint and slow. 


260 . 

64 N, ... Rather slow. 


GEOGRAPHICAL NOTES. 

The Mouvtmeni Giogt-uphiqut contrina detrils o£ V<n 
GHc’s recent exploration of the Rivet Mobangi, the gaeat tribu- 
tary of the north bank of the Congo, which discharges a little 
below the equator. It will be remembered that the Rev, Qeoxge 
Grenfell succeeded in making bis way up the river as far as 4,® 
N, latitude, where he was stopped by the Zongo rapids, Lieut, 
Van G^Ie started on October 26 last, and reacned the ra|)fds on 
November 21. Tliere are six of them, covering ft space of 34 
miles. They are situated in what is really a mountain goi^, 
the mountains, in gentle slopes, coining down to the river banlca. 
The steamer En Avani had to be unloaded several times and 
dragged up the rapids. Tlie spaces between the rapids are 
mostly covered with islands, with great bar-s of rock stretching 
btrtween them. The counlry on each side is described as 
being fine, fertile, and covered with villages. The people here 
are all of the same tribe ; head shaved except at the nape, 
bristling moustaches, and no tattooing. Above the middle falls, 
the Bukomh^ inhabit the country. These arrange the hair in 
queues^ some of which are over 6 feet long. From the upper 
end of the falls the river continues in a north-east direction for 
;il)out 32 miles, when it rounds to the east, it has a breadth of 
about 2600 feet, and the navigation is easy, the average depth 
being 14 feet. The easterly direction is maintained as far as the 
A'« Avani went, about 172 miles further. The mountains dis- 
appear from the right bank, and the left is marked by low hills, 
with grassy plains and woods alternating. The villages are at 
some distance from the river, but the people came down to the 
vessel in crowds all the way up, and were perfectly friendly until 
the last few days. Over the whole course tropica] cuUurea of 
every kind were abundant, as well fts sheep, goats, and fowls. 
The natives on the right bank belong to the Bornka and Maduni 
tribes ; those on the right to the Bflkangj, the MotnbafSe, and the 
Banzy. They mostly snsve the head so as to leave » fttengle utf 
hair, with the forehead as base. The ears are emormeuily doll- 
gated with heavy copper rings. The river here is covert with 
islands, mostly cultivated and inhabited. Among the Banzy the 
huts have the shape of huge conical extinguishers, resting on a 
circular wall about 2 feci high. These huts are ranged in circu- 
lar rows, forming broad streets, well kept, and with a common 
meeting-house in the centre. Each hut U divided into two 
apartments, one used for sleejiing. Iron is admirably worked 
into all sorts of implements, weapons, and ornaments. Ivory is 
abundant, but used only for bracelets, anklets, and ptlellot lip- 
ornaments. About 100 miles above the Zongo rapidft a second 
is met with, at Bcmay. The vessel succeeded in passing it, and 
a third 25 miles further up. Just alK)vc Bcmay, the only tribu- 
tary met with from the Zongo rapids upwartU—lhe Bangasso — 
discharges into the right bank of the Mobanri. Above the 
river the country is densely peop!e<l by the Mombongo and 
Yakoma, and these showed themselves distinctly hostile to the 
expedition. There were unfortunately several conflicts, itt which 
lives were lost on both sides. Rocks and sand-banks obstructed 
the navigation, and after getting as far as 21® 55' E., Lieut. Van 
Gcic turned back, making his way downwards whh some diffi- 
culty, as the river had lowered about 10 feet. Hi arrived at 
Equator Station on February i. The river was about 8000 feet 
wide at the furthest point, and covered with islands, mostly in- 
habiletl. On the north bank of the river, one village extended 
along a distance of 3 miles. As Dr. Junker’s furthest point on 
the Wellt; was 22® 55' E., only 1® of longitude separates his 
point from Van GMe’a furthest, or about 68 miles. As they are 
both on the same line of latitude, there can be no doubt that the 
Mobangi and the Welle are the same river. 

From an official Report by Mr. Percy Smith, Assistant Sur- 
veyor-General of New Zealand, on a visit to the Kermadec 
Islands, in August last, we glean some information as to this 
recent annexation to the British dominions. The group is situ- 
ated between the parallels of 29” 10' and 31® 10' S. lat., and 
between the meridian of 177® 45' and 179* W. long. There 
are four islands, with some outlying islm and rocks, (he moet 
northerly, Raoul or .Sunday Ishura, being 674 miles nerib^eaitof 
Auckland. The islands are all volcanic ; in two of thMi 
indeed, signs of volcanic activity are to be seen at the prasent 
day, though on a limited scale. They appear to be situated OD 
an oceanic plateau which extends from New Zealand to the 
Tofifw Grom on which soundings are obialned at dedifiii- mn^ 
1^8 in. the adjacent areas^ but still so gtaotaa to.ri^ow4hftt 
iho.isUad» form, as it. wece^ the tops of vricaidc cooes i^iog to 
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ftfrtAt height above their bases. The group is situated on the 
flMth Msttttix ^ojection of the axis of the volcanic zone of the 
Bay of Pknty, which, continued still further north-eastward, 
'i^trncei the Tt>nga and Samoan Groups, places where volcanic 
asHtion is still going on. Two, if not three, volcanic disturb* 
micas bane taken place at the Kermadec Islands within recent 
wean, and earthquakes were very frequent there at onetime; 
Wt ainoe the eruption of Tarawera, June 10, 18H6, they have 
ceased entirely. On Sunday Island the mot-t prominent feature 
ta the ktfge crater near the centre of the island. It is 1) mile 
Jong by 14 mile wide; its walls are generally over looo feet 
high. Steam escapes occasionally from the Green La 1 ^c on the 
Kdnth aide, and from the crevices in the precipitous cliffs of 
Denham Hay, while warm water oozes out of the sand on the 
north coa^t. 

DH* Hans Mkyer, who recently ascended Kilimanjaro, and 
Dr, O. FJaumann, who accompanied Dr. Lenz up the Cong*>, 
are preparing to start on a new expedition to East Africa. Their 
object will be to make a thorough exploration and survey of the 
whole of the Kilimanjaro region. 

Recent issues of the journals published in French Indo-China, 
contain on interesting letter from M. Gauthier, describing a 
journey down the Meikong River, from Luang rrabang® into 
Cambodia, The traveller spent forty days on the journey, and 
passed twenty cataracts, in one of which his l>oat was almost 
dashed to pieces. He visited the Laos States, and describes its 
inhabitants as doing nothing except laughing, smoking, and 
singing throughout the day, such business as there is being wholly 
in the hands of the Chinese. 


OUR ELECTRICAL COLUMN. 

Gouy has found that the attraction between two electrified 
surfaces maintained at n constant potential -difference is one 
httodred times greater in distilled water than in air. 

Admirably well -equipped public electrical laboratories have 
been established in Paris and Vienna. When are we to see one 
in London ? 

Van Aubei. (.-fri //. df GeuH^r^ xix. p. 105, 1888) has been 
studying the effect of magnetism and heat on the elcclric resist- 
ance of oismuth and of it^ alloys with lead and tin. Contrary 
to alt other metals, the resistance of bismuth sometimes increases 
with reduction of temperature. He also verified the fact that 
the resistance of bismuth at low tenifieratures increases in the 
magnetic field. The effect ia very feeble with alloys. 

FqePPL {Ann. Wiedemann^ xxxiii. p. 492) has been endea- 
vour^ to prove Ediund’s hypothesis that a perfect vacuum is 
aoonduotor, but has completely failed to do so. lie makes the 
rnsiaunce of a vacuum to be three million times greater than 
that of copper. 

Mr. C. Vernon Hoys has communicated to the Foyal 
Society aoiue further details of his beautiful radio micrometer. 
It is a ihermo-tdeclric circuit, consisting of a bar of aniimony 
and bismuth, of small sectional area, the ends being formed by 
a loop of coppt^r wire, sustyended by a toraion fibre in a strong 
magnetic field. It is possible to observe by its means a difference 
of temperature of one ten- millionth of a degree Centigrade. 

C, L. Weber {CtntralblaH fi(r EUk'rotcchnik^ 1887, vol. ix.), 
experimenting on various amalgams and alloys of tin. bismuth, 
lead, and cadmium, has found that many of them have a liigher 
condnetivity than that of each of their constituents, 

Fiekr, of Deventer (Holland), has found a peculiar dynamical 
action of the current on the electrodes. An electrical current 
pasadog ibno^gh a solulion of CuSO^ between two electrodes of 
copper, which are varnished at the back, pulls both agaimt the 
direction of the positive stream. Independently of the con- 
centration, if only high enough to prevent the formation of 
ga^et, the pressure at the anode and the traction at the kathode 
amount to nearly 1 gramme per ampeie and per square metre. 


ON TStE CO^rPARISON OF THE CRANIAL 
WITH THE SPINAL NERVES. 

of 'Vertebrate auiteMih is to be found according to 
* ^ awMfvnmiphologiBts hi those iovertebraites which are com- 
Poaod'^aiseoHes Of oegmonts, mtA one of the chief aigwnents In 
farOut hf this view has alw^ heen the fact that rise spinal 


nerves are arrai^ed segmentally. It has, however, long been 
felt that the cranial nerves ought to give evidence of a segmental 
arrangement as clearly as the spinal before it is possible to 
speak of a segmentation based upon the arrangement of the 
nervous system ; and indeed many ingenious tables have been 
manufactured by morphologists in order to bring the cranial 
nerves into the same system as the spinal. The failure of these 
attempts is to my mind due largely to the following reasons : — 

1. Confusion has arisen because anatomists have been in the 
habit of looking upon the nervous system of the vertebrate as 
compt.sed of two separate nervous systems, viz. the cerebro- 
spinal and sympathetic. 

2. In the comparison of cranial and spinal nerves the morpho- 
logists ha’se directed their attention too exclusively to the exits 
of the nerves from the central nervous system without taking 
into account the place of origin of the nerves in the central 
nervous system itself. 

3. It has been assumed on insufficient grounds that the 
presence ot ganglia in connection with motor cranial nerves 
indicates that the cranial nerves do not follow Bell's law, 
and are therefore not strictly comparable with spinal nerves. 

'rhese difificiiUies are all found to vanish as soon as a clear 
conception is obtained of what is meant by the nerves of a 
spinal segment. 

Since the time of Charles Bell it has been recognized that a 
spinal nerve is formed by two roots ; the one, posterior, which 
contains only afferent fibres, le. fibres which convey impulses 
from the periphery to the central nervous system ; and the other, 
anterior, containing exclusively efferent fibres which convey 
impulses from the central nervous system to the periphery. In 
correspondence with these two sets of fibres the grey matter of 
the spinal cord is divided into two portions, named respectively 
ths posterior and anterior horns. Another division, however, 
exists of almost equal importance, which is not so generally 
recognized, viz. a division both of the nerve fibres and their 
centres of origin in the grey matter for the purpose of supplying 
the iniemr.1 and external portions of the body — a division of 
nerves and nerve centres into splanchnic and somatic as well 
as into affei>ent and efferent. The centres of origin of the 
splanchnic nerves are situated in the internal part of the grey 
matter of the spinal cord, being arranged in groups in the 
neighbourhood of the central canal, and the nerves themselves 
supply the viscera and internal surfaces of the body, t^ether 
with certain muscles of respiration and deglutition whi^ arc 
derived from special embryonic structures known as the lateral 
plates of mesonlast. On the other hand, the centres of origin 
of the somatic nerves are situated in the outlying horns of grey 
matter, and the nerves themselves supply the integument and 
the ordinary muscles of locomotion, &c., — muscles which ore 
derived from the muscle-plates or myotomes. 

Further, these two sets of nerves are arranged in the posterior 
and anterior roots in a special manner, the significance of which 
is the key to the whole question of the .segmental nature of the 
cranial nerves. In the posterior roots the afferent fibres of both 
splanchnic and somatic systems pass into the spinal ganglion, 
which is always situated vm the nerve root soon after its exit 
from the central nervous system ; so that we may speak of the 
afferent fibres of I^oth systems as being in connection with a 
ganglion which is stationary in position. In the anterior roots, 
on the other hand, we find that some of the fibres are in con- 
nection with no ganglia, while others are in connection with 
ganglia which are not fixed in position, but are found at various 
distances from the central nervous system (it is this system of 
ganglia which has hitherto been looked upon as forming a 
separate nervous system, viz. the sympathetic system), so that 
the fibres of the anterior root, all of which are efferent, are 
chvistble into a ganglionated and a non-ganglionated group, of 
which the ganglionatcd group belongs to the splanchnic system, 
and is characterized by the smallness in the size of its fibres, 
while the non -gangU mated group is composed both of somatic 
and splanchnic nerves, and forms the ordinary large-sized motor 
nerve fibres of the voluntary striped muscles both of respiration 
and deglutition as well as of locomotion. 

Again, it has been shown that these efferent ganglia are in 
reality offshoots from a primitive ganglion mass situated on the 
spinal nerves into which both afferent and efferent fibres ran. 

We see, then, that both roots of a fully formed spinal nerve are 
ganglionatcd, so that the presence of a ganglion is no longer the 
sign 6 f a posterior root, and we most define a spinal nerve aa 
being formed by-- ' 
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• I, A posterior root, the ganglion of which is stationary in 
position and is connected with both splanchnic nod somatic 
afferent nerves. 

3. An anterior root, the ganglion of which is vagrant, and is 
connected with the efferent sinwl- fibred splanchnic nerves. 

Also it is not a fundamental characteristic of a spinal nerve 
that the anterior root should necessarily pass free from the 
spinal ganglion, for it is clear that both anterior and posterior 
roots may pass into the same stationary ganglionic mass if the 
whole or part of the efferent ganglion has not travelled away 
from the parent mass. This passage of the fibres of the anterior 
as well os of the posterior roots into the spinal ganglion is com- 
mon enough in the lower animals, and is a peculiarity of the 
first two cervical nerves in such an animal as the dog. « If, then, 
the cranial nerves are formed on the same plan as the spinal, 
their efferent roots ought to be divisible into a large-fibred non- 
ganglionated portion and a small- fibred ganglionated portion, 
the ganglia of which may be vagrant in character, while their 
afferent roots should possess stationary ganglia near their exits 
from the brain ; also the centres of origin for the different sets 
of nerve fibres, i.e. for the splanchnic and somatic nerves, ought 
to be the direct continuation of the corresponding centres of origin 
in the spinal cord. Such I find to be the case ; if we leave out of 
consideration the nerves of special sense, viz. the optic, olfactory, 
and auditory nerves, the remaining cranial nerves are found to 
divide themselves in(o two groups — 

(1) A foremost group of nerves, which in man are entirely 
efferent, viz. third, fourth, motor part of fifth, sixth, and seventh 
nerves. 

( 2 ) A hindmost group of nerves of mixed character, viz. ninth, 
tenth, eleventh, and twelfth nerves, and the sensory part of fifth. 

The nerves of the first group resemble the spinal nerves as far 
os their anterior roots are concerned, for they are composed of 
‘large-fibred non-ganglionalcd motor nerves and small-fibred 
splanchnic efferent nerves, which possess vagrant ganglia, such 
as the ganglion oculomotorii, the ganglion geniculaturo, See, 

They resemble spinal nerves also as far as their posterior roots 
are concerned, for they have forme<l upon them a ganglion at 
their exit from the brain corresponding strictly to the stationary 
osteriorroot ganglion of a spinal nerve. One great difference, 
owever, exists between their posterior roots and those of a 
spinal nerve, for neither the nerve fibres nor the ganglion cells of 
these roots are any longer functional ; they exist simply in the 
roots of this group of cranial nerves in man, and other warm- 
blooded animals, as the phylogenetically degenerated remnants 
of what were in ages long since past doubtless functional ganglia 
and functional nerve fibres. 

This foremost group of cranial nerves, then, is built up on 
precisely the same plan as the spinal nerves ; the apparent 
difference being due to the fact that the afferent roots with their 
ganglia have degenerated. 

The hindmost group of cranial nerves is also composed of the 
same constituents as the spinal nerves, and their different com- 
ponents arise from centres of origin in the medulla oblongata 
and in the cervical region of the spinal cord which are directly 
continuous with the corresponding groups of nerve cells in other 
parts of the spinal cord. Here, however, the deviation from 
the spinal nerve type which has taken place consists not in the 
suppression of any particular component, but in the scattering of 
the various components, so that none of the nerves of this group 
form in themselves complete segmental nerves, but rather the 
whole of them taken together form a broken up group of 
segmental nerves which are capable of being rearranged not 
only into afferent and efferent but also into splanchnic and 
somatic divisions of precisely the same character as in a group 
of spinal nerves. 

I conclude therefore that both these two great groups of cranial 
nerves are built up on the same plan os tne spinal nerves, not 
only with respect to the structure, function, and distribution of 
their nerve fibres, but also as far as the arrangement of the 
centres of origin of those nerve fibres in the central nervous 
system is concerned ; and I think it probable that the reason for 
the deviation of the cranial nerves from the spinal nerve type is 
bound up with the changes which occurred at the time when a 
Urge portion of the fibres of the foremost group of cranial 
nerves lost their functional activity. I Imagine that in the long 
past history of the vertebrate animal .some extensive tract in 
connection with the foremost part of the nervous system has 
become useless and disappeared, and in consequence the nerves 
supplying those parts have degenerated. In this phylogenetic 


degeneration the whole of the splanchnic and somatk 
nerves of that region were involved, and probably also Jome w 
the efferent nerve fibres, with the result that certain only 
motor elements have remained functional. In the further histoty 
of the vertebrate, the parts which have replaced those wfaiefa 
became useless have received their nerve suimly from tracts of 
the central nervous system situated behind this foremost group of 
nerves ; in consequence of which the component parts of that 
hindermost group have become more or less sepsrated from each 
other. The extent of the area involved is especially well seen 
when the sensory nerves of this area, both somatic and splanchnic, 
arc considered ; for we see not only that the sensory part of the 
trigeminal, representing the somatic sensory elements, and the 
sensory part of I he vagus, representing the splanchnic sensory 
elements, are derived from their respective ascending roots, 
arise in connection with a series of nerve segments extending 
well into the cervical region, but also that the peripheral distri- 
butions of these two nerves are very extensive. Without specu- 
lating further at present upon the nature of the change which 
has disturbed the orderly arrangement of the cranial nerves, 
enough has been said to prove that the cranial nerves considered 
in this article are built up on the same plan as the spinal nerves. 
Further it is worthy or notice that just as the aivision into 
somatic and splanchnic has thrown great light upon the concep- 
tion of the manner in which a segmental nerve is formed, so also 
it lends aid to the consideration of the segmentation of structures 
other than the nervous, for we find that two distinct segmentations 
exist in the body which do not necessarily run parallel to each 
other : the one, a segmentation which may be fitly called splanch- 
nic, and is represented by the orderly arrangement of visceral 
and branchial clefts ; and the other, a somatic segmentation, 
characterized by the formation of somites, i.^. of vertebra and 
somatic muscles arranged also in orderly sequence. 

The splanchnic segmentation is most conspicuous in the cranial 
region, the somatic segmentation in the spinal region, and it is 
most advisable to remember that a valid comparison between 
cranial and spinal segments can only be made when like is com- 
pared with like, for it by no means follows that the somatic and 
splanchnic segmentations have proceeded on identical lines ; 
consequently, in comparing cranial with spinal nerves, we must 
compare structures of the same kind, and seeing that the spina) 
nerves are arranged acconling to somatic segments so also must 
the cranial nerves be arranged in accordance with their relation 
to the somatic muscles of the head, and not in relation to the 
branchial and visceral clefts. 

It is not advisable in this article to enter upon any discussion 
as to the number of segments supplied by the cranial nerves, or 
to speculate upon the nature of the changes which have taken 
place in the past history of the vertebrate animal, whereby the 
present distribution of the cranial nerves has been brought about. 

1 desire only to imt as shortly as possible before the readers of 
Nature the general results of my recent investigations into the 
structure of the cranial and spinal nerves. 

W. H. GASKtttL. 


UNlVERSiry AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge. — Mr. T. C. Fitzpatrick, of Christ's College, has 
been appointed an Assistant Demonstrator of Physics. 

Prof. H, M, Ward, M.A., of Christ's College, has been 
appointed Examiner in Botany in the place of Prof. Bayley 
Balfour. 

Dr. R. D. Roberts has been appointed an Elector to the 
Harkness Scholarship. 

The name of Mr. Adami, the new Demonstrator of Pathology, 
was misprinted Adams in our last issue. 


SCIENTIFIC SERIALS. 

BulUtin de lAcadhnie Royale de February. — 

Researches on the coll >idal state, by C. Winssinger. Tbl| is 
the first part of a memoir describing a series ofexpeHments 
undertaken to determine the various conditions of the colloidal 
8tate-*that is, of the state assumed under certRln droumsUOces 
by bodies generally insoluble in water. Tot the premt the 
author confines himself to describing the mode of pr^ratioh 
and the chief properties of the coUoidal substances, All the 
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liftMn fulphides Studied by him (those of mercury, zinc, tung- 
ste^^xao^ybfUne, indium, platinum, gold, palladium, silver, 
tbelBdna, ^ lead, bismuth, iron, nickel, and cobalt) have been 
obUioed in the colloidal state. They bring up to thirty-one the 
number of colloids now known to science. Some have been pre- 
pared by Graham’s method, others directly by treating the oxides 
suspended in the water with hydrosuJphuric acid. — On the pre- 
tended pro-atlas of mammals and Ifaitcria punctata^ by Julc^ 
Cornet. The bony process between the occipital and the atlas 
known as the pro-atlas or proto-vertebra, and found in crocodiles 
and some other reptiles, is here shown not to exist in the 
mammals as supposed by some naturalists. The view of Smets 
regarding its absence from Hatteria is also confirmed.— On the 
process employed bythe fresh- water Gasteropoda, for crawling over 
the liquid surface, by Victor Willem. This process is shown to 
be somewhat analogous to that of snails moving on dry land, 
being effected by secreting a mucus which enables the mollusk to 
adhere to the surface. — Researches on the volatility of the carbon 
compounds ; chloro-oxygenated compounds, by Louis Henry. 
The object of these researches is to examine, in reference to 
their volatility, the compounds in which chlorine and oxygen are 
simultaneously combined with carbon. The subject is discussed 
under three heads : (z) the compounds comprising the system 
>C “ O ; (2) the system ->C - OX ; (3) the mixed derivatives 
simultaneously including both these systems. 

Rfnduonii del Realc Istituto Lombardo^ March 22. — Obser*^ 
vations made in the brera Observatory, Milan, during the total 
lunar eclipse of January 28, 1888, by G. V. Schiaparelli. These 
observations were made under favourable conditions in accord- 
ance with the instructions issued by the Pulkova astronomers, 
with the ultimate view of determining more accurately than has 
yet been possible the exact length of the diameter of the moon. In 
the accompanying tables are given the results of the observations, 
compriaing the ^comparison-stars with their magnitudes and 
numoers as in the catalogue distributed by the Pulkova 
astronomers. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, March 22, — ^^The Chemical Composition of 
Pearls." By George Harley, M.D., F.R.S., and Harald S, 
Harley. 

(l) As r^ards oyster pearls. Of these, three varieties were 
examined— British, Australian, and Ceylonese. 

The qualitative analyses showed that they all had an identical 
composition, and that they consisted solely of water, organic 
matter, and calcium carbonate. There was a total absence of 
magnesia and of all the other mineral ingredients of sea -water— 
from which the inorganic part of pearls must of course be ob- 
tained. Seeing that ordinary sea- water contains close upon ten 
and a half times more calcium sulphate than calcium carbonate, 
one n^ht have expected that at least some sulphates would have 
been found along with the carbonates, more especially if they 
are the mere fortuitous concretions some persons imagine them 
to be ; a view the] authors cannot Indorse, from the fact that by 
steeping pearls in a weak aqueous solution of nitric acid, they are 
able to completely remove from them all their mineral constituents 
without in any way altering their shape, and but very slightly 
changing their naked eye appearances, so long os they arc per- 
mlttM to remain in the solution. When taken out they rapidly dry 
Md shrivel up. Dr. George Harley will take occasion to point out 
in his next communication, which will be on the microscopic 
structure of pearls, that a decalcihcd crystalline pearl bears an 
intimate resemblance to a decalcified bone, in so far as it 
possesses a perfectly organized matrix of animal matter. No 
phosphates whatever were found in any of the three before-named 
varieties of pearU. 

The next point being to ascertain the exact proportions of the 
substances composing the pearis, and pure white pearls being ex- 
pensive, from having osoerttdned that all the three kinds they 
were operariqg upon had exactly the same chemical composition, 
instj^taff of maki^ separate quantitative analyses of them, they 
aim^ Sslected two pearls from each variety, of as neariv the 
aame rise and welght-^ghring a total of 16 grains— and analyzed 
them qolSeerively, the result obtained being : carbonate of lime 
917^ pur cent ; ozgimic matter (animat), 5 '94 ’’per cent ; water 
3'X3.per.oent 


(2) Composition of cocoa-nut pearls. 

A portion of a garden pea sized cocoa-nut pearl, weighing 14 
grains, was subjected to analysis, and found tnat, like shell-fish 
pearls it consisted of carbonate of lime, organic matter (animal), 
and water. 

It had all the external appearances of the pearls found in the 
large clams {Tridacna gigas) of the Southern Ocean, being per- 
fectly globular, with a smooth, glistening, dull white surface, and 
resembling them exactly in microscopic structure. Besides which 
in chemical composition it bore no similarity to cocoa-nut milk, 
to which it is supposed to be related ; for cocoa-nut milk is said 
to contain both the phosphate and the roalate, but not the 
carbonate of lime. That there are pearls found in cocoa-nuts 
the authors ^do not presume to deny ; all they mean to say is that 
they are doubtful if the specimen examined had such an origin. 

(3) As regards mamm^ian pearls. 

These so-called pearls have been met with in human beings 
and in oxen. 

In so far as naked-eye appearances are concerned, a good 
specimen of the variety of pearl now spoken of is quite undis- 
iinguishable from a fine specimen of Oriental oyster pearl, from 
its not only being globular in shape, and of a pure white colour, 
but from its also possessing the iridescent sheen so characteristic 
of Oriental oyster pearls of fine quality. 

In chemical composition, however, mammalian pearls bear no 
similarity whatever to pearls found in shell-fish, for they are com • 
posed of an organic instead of an inorganic material — namely, 
cholesterin. In microscopic structure again, they bear a marked 
resemblance to the crystalline variety of shell -fish pearls. 

April 19. — “On Hamilton's Numbers. Part II.” By 
J. J. Sylvester, D.C.L., F. K.S., Savilian Professor of Geo- 
metry in the University of Oxford, and James Hammond, 
M.A. Cantab. 

§ 4. Continuation^ to an infinite Number of Terms^ of the 
Asymptotic Development for Ifypothenusal Numbers. 

In the third section of this paper (Phil. Trans. A., vol. clxxviii. 
p. 311) it was stated, on what is now seen to be insufficient evi- 
dence, that the asymptotic development of ^ the half of any 
hypothenusol number, could be expressed as a series of powers 
of q ~ r, the half of its antecedent, in which the indices followed 
the sequence 2, I, j, i, . . . 

It was there shown that, when quantities of an order of mag< 
nitude inferior to that of {q - r)i are neglected, 

P - t = {l- '•)’ + }(?->•)• + H(f - r) + it(f - r)| ; 
but, on attempting to carry this development further, it was 
found that, though the next term came out T^(f ~ there 
was an infinite series of terms interposed between this one and 

“ r)i. 

In the present section it will be proved that between (q - r)i and 
(q - r)4 there lies an infinite series of terms whose indices are — 

s» iV ait tA> • ■ • 

and whose coefficients form a geometrical series of which the 
first term is iffr and the oommon ratio f. 

We shall assume the law of the indices (which, it may be re 
marked, is identical with that given in the introduction to this 
paper as originally printed in the Proceedings but subsequently 
altered in the Transactions), and write — 

/» - ? = (f - >•)’ + - '•)l + lt(? - >•) + i!(f - r)l 

+ A(? “ ^ - ^)» 

+ - r)H + ~ E(y - r)iW *+■ Sec, f ad inf, . . (i) 

3® 3^ 

+ e* 

The law of the coefficients will then be established by proving 
that— 

A = B=:C = D = E= = 41. 

If there were any terms of an order superior to that of 
{q - r)l, whose indices did not obey the assumed law, any auch 
term would make its presence felt in the course of the work ; for, 
in the process we shall employ, the coefficient of each term has 
to be determined before that of any subsequent term can be 
found. It was in this way that the existence of terms between 

* In the text above, 9 represeuts some unknown function, the asymptotic 
value of whose ratio to {q - is not infinite. 
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-<r>B &nd {</ ~ r)! was made manifest in the unsuccessful 
attempt to calculate the coefficient of - r)i. 

It thus appears that the assumed law of the indices is the true 
one. 

It will be remembered that/, - . ■ < halves? of 

the sharpened Hamiltonian Numbers hn + i» E«i E« - i, 
.... and that consequently the relation — 

I 1 -T> I " 0 _ Em+i(Kw-| - l)( Ew ~~ ^ ^4- 

1.2 1 . Ta . . . 3 

may be written in the form — 

/ =r 1 + - 't 2r - l}{ 2r-2 ) J(2J-I)(2.T" 2 )( 2s~^) 

2 - 2 . 3 . . 4 

- ^ (2^- l)(2/-2 )(2/ 7 3 ,)( 2 {“^ 

2.3.. 74 ;";5 

l)(2K -2)(2// - 3)(2«-4)(2^- 5) ! 

2 • . . 3 ■ 4 ■ 5 • 7. 6^ 

“ (2) 

I 

The comparison of this value of / with that given by (l) 
furnishes an equation which, after several reductions have been 
made in which special attention must be paid to the order of 
the quantities under consideration, ultimately leads to the 
determination of the values of A, B, C, . . . . in succession. 

"^Physical Society, April 14. — Slielford Bidwcll, KK.S., 
Vice-lVesident, in the chair. — Mr. W. E. Sumpner read a paper 
on the variation of the coefficients of induction The author 
pointed out that there arc three ways of defining the coefficient 
of self-induction of a circuit, expressed by the following 
equations — 

fi (/C 

(I) r ^ Lj- ; (2) N - L/: : 

(3) T = 4 L,C^ 

where r = l:iack E.M.K. due to change of current, C = current, 
N = total induction through the circuit, and T the kinetic energy 
of the circuit. If the medium be air, Lj, Lj, an J I g are identical, 
but in the case of iron this is no longer the case. When lha 
curve of magnetization is given, their values, corresponding with 
any value of C, can be easily determined by the above equations. 
Majcwell’s absolute method of measuring self-induction gives Lj, 
and by a modification due to Prof. Ayrton, where the current is 

altered from Cj to Cj instead of from o to C = — the 

value of L obtained is approximately Li, if Cj - Cj is small 
compared with C. From the known character of the curves of 
magnetization of iron, it is easily seen that the value of Lj, in- 
creases with the current when the current is small, then becomes 
nearly constant, and afterwards decreases. For an electro- 
magnet having a horse-ahoe core of best Swedish iron diameter 
and 14" long, wound will) 800 convolutions, the value of for 
currents between *047 and *107 amp. was found to satisfy the 


current are described. They ariee chiefly from the thatio^ 
order to obtain strong currents, the resistances must bei 
This makes the ** time constant ’’ larg(, and in ord^ to obtttin 
the values of L in absolute measure, a ballistic galtanometer ot 
very lung period would be required. A method of calibrating a 
galvanometer of comparatively short pericMl to give approximate 
results is described. Where the ma^etising force is produced 
by an independent coil> no such difficulties present themselves. 
Results obtained for the coefficients of self-induction of a 
gramme armature (A type) for different currents round the field' 
magnets vary from *0215 for current o to ’0x17 for a current of 
29 amperes. The value of 1 - for a given point on the curve of 
magnetization is not a definite quantity, but has always two or 
more distinct values, depending on whether the m^paetizatlon is 
increased or decreased by the test currents, and on the previous 
history of the iron. That this must be the case is easily seen 
from the curves obtained by Prof. Ewing in hia " Experimental 
Researches on Magnetism.” The values of L corresponding to 
the three sides of a small Ewing's cycle are denoted by 
L/ {proj^ressivc roefficimts^ {rNurtt coefficient) and X*e {cycitc 
coefficient). E/ is always the largest, whether the magnet- 
ization be increased or decreased by the testing current. 
Numerical values of and L.* obtained from a Kapp 
and Snell transformer are given, can be very accurately deter- 
mined by Profs. Ayrton and Perry’s secobmmeter, and some of 
the results given in the paper were thus obtained. Having 
given the curve of magnetization and that connecting impressed 
K. M,?’. and time, a simple graphical method is described for 
drawing the current curve. Applying this to an altcmatinp current 
where the E.M. F. is a pure sine function of the time, it is shown 
that the resulting current curve differs considerably from a .‘'ine 
curve. The case of the rise of current in the magnet coils of a 
dynamo excited by accumulators is also discussed, the derived 
curves being in accordance with observation. In concluvion the 
author pointed out that the time taken to discharge a owdenser 
through a given resistance may be decreased by adding self- 
induction to the circuit, piosided E is less than 4 KR*. When 
L — IKK", the discharge is completed in one-haU the lime 
vequiicd when I- = o. This may account for the remarkable 
results observed by Dr. l.odge in his cx|>eriment 3 on iron and 
copperas lightning-conductors. — Mr. C. V. Boys described and 
performed some experimenU on soap-bubbles, and by their aid 
demonstrated in a remarkable manner the phenomena of surface 
tension, diffusion, and the magnetic proi>ertiea of gases. By 
blowing one bubble inside another, he showed that there is no 
electrical force inside a closed conductor. A peculiar property 
of soap-bubbles is their refusal to come into contact when 
knocked against each other ; they may receive violent shocks 
and still remain separate. If, however, an electrified body be 
brought in the vicinity, they immediately coalesce. So sensitive 
are iney to electrical attraction that a potential difference due 
to one Leclanch^ cell between the two nubbles causes them to 
unite. They may thus serve as very delicate electroscopes. 
Many other beautiful and extremely interesting experiments on 
liquid films of diflfcrent shapes were performed in a masterly 
manner. 


equation I., 


A 

5 


+ ‘0425, w'bcrc A = current in amperes. 


A 


method of comparing self-induction with capacity is described, in 
which the arm of a Wheatstone^s bridge opposite the one con- 
taining self-induction is shunted by a condenser of capacity K. 
The bridge is balanced for steady currents, and the deflection, 
of the galvanometer observed on breaking the battery circuit. 
Oj is 1^ - K/j, where / and s are the resistances of the two 
remaining arms of the bridge* The condenser is then disconnected, 
and another swing, 0^^ obtained, on again breaking the battery 
circuit, is : : Eg,*) 


Lj “ K/j 


or Lj 



-K/J. 


Further experiments were made on the eicctro-magnet when its 
poles wer^oined by a piece of soft iron, the currents being 
mversed. The resulting values of 30 ii Sb ^*>< 1 M given in 
absolute roemure, and from them the author deduces-^ 


Lj = *05 + 3-9A, 2T0 + 

33 as 2TD 3^ -h 730 JR*, for values of A between *06 and ’9, 


The difficulties experienced in detencining the induction^ co- 
efficients for strong magnetising, forces produced hx tbe testing 


Geological Society, April ii.— W. T. Blanfordf F.R.S., 
i'resident, in the chair. — The following communications were 
rend On the lower beds of the Upper Cretaceous series in 
Lincolnshire and Yorkshire, by W. Hill, — On the CaeOwyn 
Cave. North Wales, by Dr. Henry Hicks, F.R.S. ; with an ap* 
pendiK by C- £. De Ranee. The author gave an account of the 
exploration of the cavern during the latter port of And during 

1886-87. He considered' that the results obtained^ during that 
time proved conclusively that there was no foundarion for the viewe 
of. those who contended that the drift which covered over the 
entrance and extended into the cavern was l»it theyi 

proved that the deposits which lay over the bone^earih wereiiw 
sitUf and were identical with the normal glariat deposits of tile 
area. These deposits had once extended continimnaljrsioraatthe 
valley, and the cavern (400 feet above Oidnannn- datum) had 
consequently been completely buried beneath themi The aaam 
must hue been occupied fay anitnola dvriig the foriwtiiMi uftfau 
bone^carth, before any of the glacial deposits tujirfiHKiid^ thm 
had aceumtilated, and^a thick floor of staUgmifo hodiaowSFedrthia 
"eacthf'' before , the caweroi had been subjected' to^wuilusN^^ 
ThtsaetioDrhad braken up the floor, end ootupArte^fweuriUMlu 
mflterials^and added sandy endgruvellymaleviidllNtedepoi^ 
this sand and gctwl had famn examined hgr^rod Biyi BiiwilitoSL 
who found that it agr^ in every particular with thwghwiefc mm 
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in the vdley a Uttle way above. The larfe 
iln^nltooe huKfca in the cavern had alao been evidently disturbed 
by water^ action ; they were invariably found in the lowest 
depotits, and were covered over by laminated clay, sand, and 
era vela. The author considered k certain that the caverns had 
been eeip^letely filled with these materials, and in the case of 
the Ohe^Gwyn Cave they appeared to have been conveyed mainly 
(hrtm^ the entrance recently discovered under the drift. The 
stratiheanion at this entrance was so mncJceti, and could be traced 
so c o nt hmea dy inwards over the bone-earth, that there could be 
no dodht Chat this was the main entrance. There was not the 
slighteet e^ridence that any portion of the material had been con- 
veyed in through a swallow-hole, and the conditions witnessed 
thfou g hm t t were sudi as to predade aoy such idea. 7 'he author 
quoted a Report by t>r. Geweie, who considered that the wail of 
the cavern had given way, but before the deposition of the 
glacial deposits, which were subsequently laid down against the 
riniestoiue hank so as to conceal this entrance to the cavern. In 
conclusion, he referred to the presence of reindeer remains in 
these caves, in conjunoUon with those of the so called older 
Pleistocene Mantmaiia, proving that these had reached the area 
long before the period of submergence, and evidently at an early 
stage in the Glacial period. It was important to remetnlier that 
reindeer remains haa been found in the oldest nvcr-gravels in 
which in^ 3 ieInents bad been discovered. Man, as proved by the 
iiuplemaals discovered, was also pre:^en( at the same time with 
the rei ade er, and it was therefore natural to suppose that he 
migrated iafo this area io company with that animal from some 
QOithern aourcc, though this did not preclude the idea that be 
might aiwo have reached this country from some eastern or 
southern source, perhaps even at an earlier j^ericKl, In the 
course of the discussion which followed the reading of this 
paper, I)r. Evans said the arcfaseological evidence was against 
Dr. Hicks's views. 


Chemical Society, April 19. — Mr.W. Crookes, F R.S.,inthe 
choir. — The following papers were read :—The influence of tern • 
fusrature on the composition and solubility of hydrated calcium 
sulphate and of calcium hy<lroxide, by Messrs. W. A. Shenstone 
andj. T. Cundall. The authors find, contrary to the usual state- 
ments on theeubject, that hydrated calcium sulphate, whether of 
natural or of artificial origin, parts with a portion of its water at 
moderate temperatures, e.^. 40” C., and that it may be almost 
completely dehydrated in dry air at tem|:^raiures below loo" C. 
The effect of heat in diminishing the solubility of calcium sulphate 
in water at tcmfieratures between 40® and 150® may therefore be 
possibly due to the unequal solubility of the hydrated and an- 
hydrous salts. Calcium hydroxide is likewise less soluble in hot 
than in cold water, but the authors have failed to obtain evidence 
in favour of the view that the diminished solubility in this case 
may depend upon the dissociation of the hydroxide or of some 
^onrte of the hydroxide.— Thermo-chemical constants, by Mr. 
S!. U. Pickering. In a criticism of several deductions drawn by 
Thomsen from thermo-chemical data, the author refers to the 

S osed ** common constant of affinity ” — a quantity whose 
iples by numbers up to 10 are supposed to represent various 
reactions, «ome of which are similar, and others totally dis- 
similar {Btr. Deutsik, Ckem, Grs., v. 170, vi. 239) ; and points 
out that any number taken at random, e.g, 15.000 cal, would 
have gtven results similar to those xjbtarned by employing 
Thomsen's value of the cotistant, vi*. 18,361 cal—Action of hot 
copper on the mixed vapours of phenol and carbon bisulphide, 
by Prof. T. Camelly and Mr. J. Dunn. A small yield of a new 
dfphenylene ketone (m.p. « fij®) is obtained in this reaction.— 
Oxidation of oxalic acid by potassium bichromate, by Mr. E. 
A. Wemer. — The action of phenylhydrazine on urea and on 
some of Its derivatives, by Mr. S. Skinner and Dr. S. 
Rithemann.— Derivatives of phenyl isobutyric acid, by Dr. L. 
Edeleann. — The logarithmic law of atomic weights, by Mr. G. 
J. Stoney, r.R.S. 


Zoological Society, April 17.— Dr. St. George Mivart, 
F.K.S., Vice-President, in the chair. — The Secretary read a 
rmrt on the additions that had been made io the Society’s 
Menagerie during the month of March t888.— Mr. C. Stewart 
exhiUtod » ptoparotion showing the structure and development 
of Uhe brood-ponch of a Marsupial Tcee-Freg {N»totr€ma mar- 
Mr. Boulenger exhibited and psade remarks on the 
type specimen of a new species of Marsupial Tree-Frog {Nota- 
if$ma recently discovered by Mr« G. A. Kamage near 

Pemoaahttcp, in BracU.— Me, Htrb^ Druce read the descri^ 
ions of some new species of Heterocera collected by Mr. C. M. 


Woodford at ^va, VHi Levsi, Fiji (skmds. The e i tt e c tkwi 
had been made during the tnontks of February, March, and 
April, 1886, and was especially inteiesting on account the 
exact localities being-noted, as wreAl os for m new species it con- 
tained. Ninety-four speeies were represented, >01^ of which 
were described by the author os new to scienee. — A oomiBuniea- 
tion was read from Mr. T. D. A. Cockerell, contahitng some 
remarks on atavism, with reference to a paper on the same sub- 
ject read by Mr. J. Bland Sutton At « {devious meeting of the 
Society. — Prof. G, B. Howes gave an account of the vocal pouch 
of Rhinodei-ina darwim\ and described in detail the mode of its 
attachment and the position of the embryos in it. The author 
controverted the idea of Espodu that tlie alimentary functions 
were arrested during the development of the embryos in this 
Batrachian.-AMr. Oldfield Thomas read a paper describing a 
new genus and species of Muridss obtained by Mr. H. O. ForMS 
during his recent expedition to New Guinea. The author pro- 
posed to call this form, which was characterized by the possession 
of a prehensile tail, Ckintromys ftfrhesi^ after ks discoverer. — 
Lieut. -Colonel Godwin- Austen, F. R, S., read the first of a pro- 
posed series of papers on the Land-MoHusca of Burma. The 
present communication gave an account of the shells collected 
by Capt. Spratt, R.A., in Upper Burma, among which were 
specimens of several new and very interesting species. A com- 
munication was read from Mr. K. Bowdler Shar]:^, containing the 
sixth of his series of notes on the specimens of the Hume collection 
of birds The present paper treated of some of the species of the 
genus Digtnea. 

Anthropological Institute, April 34. — Francis Galton, 
F.R.S., President, in the chair. — A paper by Dr. Venn on 
recent anthroj^ometry at Cambridge was read, and was followed 
by a communication by the President on the head -growth of 
Cambridge students. The President’s paper we print elsewhere. 
Mr. Galton also read a paper on the answers he had received 
from teachers in reply to questions respecting mental fatigue. 

Paris. 

Academy of Sciences, April 23.— M. Jans^ien, President, 
in the chair. — Influence of gravity on the co-ordinates measured 
by means of equatorial s, by MM. Leewy and P. Puiseux. The 
paper deals mainly with the equatorials coud 4 s^ such os the large 
instrument intended for the Paris Observatory, and gives the 
general formulas of reduction.— On the aperiodic regulation of 
the amortisement and of the phase in a system of synchronized 
oscillations, by M. A. Cornu. The principle is explained of 
this aperiodic method of control, which is shown to possess 
several advanta^tesover the systems at present in use. It reduces 
to a minimum, if not to zero, the influence of the more ordinary 
disturbing causes, and supplies a continvous check for the 
regulating apparatus as well as a simple means of readjustment 
should it get out of order. — Remarks on M. Stoletow’s recent 
communication on a class of electric currents set up by the ultra- 
violet ra}s, by M. IMm. Becquerel. The note referred to the 
passage of an electric current between two disks, or metallic con- 
ductors, placed parallel to, and at a little distanee from, each 
other, by means of the layer of intervenmg air, whkh requires 
to be more or less heated by the radiation of a voltaic arc. M. 
Becquerel points out that these effects appear to be analogous to 
those which he observed and analyzed in a different way in the 
year 1853. He then showed that heated gases may conduct 
electric currents, these effects being functions of the nature and 
density of the gases, as well as of the relative dimensions of the 
electrodes.— On the fixation of nitrogen by vegetable soil, by 
M. Berthclot, This is a reply to M. Schloesiog’s recent remarks, 
the main object of the note being to more clearly establish the 
history of these researches and their present character. — On the 
optical properties of natural pharmacolite, by M. Dea Cloizeaux. 
The author, having recently resumed his interrupted studies of 
this crystal, finds that its optical crystallographic properties are 
absolutely identical with those of the artificial ctystals lately 
obtained by M. Dufet, The only difference ie an excess of 
about 4 per cent, of water as determined by previous ana- 
lyses of the natural crystals. But these crystus are hygro- 
metric, and lose some of their water at too® C, The 
specimens analyzed were also probably mixed with a little 
wapplerite, whidi has rielded as mudh os 29 per cent, 
of water, and which in the state of an efflorescent powder is 
usually associated with pharmacolite.— Note <m the optical 
characters of haidtngerite, by M. Des Cloizeaux. An examina- 
■ion of some small specimens of this extremely rare crystal found 
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in association ^ith a few fragments of pharmacolite shows that 
it must be grouped with the family of the positive acute bisector 
crystals. One of its indices of refraction, formerly measured by 
Haidinger on a natural prism of 40^ formed by two opposite 
facets, /i' and w, must be the maximum index, a = 1*67. — 
Observations of Palisa^s new planets 275 and 276, made at the 
Observatory of Algiers, by MM. Tripled, Ram baud, and Sy. 
These observations, which were made with the 0*50 m, telescope, 
cover the period April 17-18, when the two planets were of the 
respective estimated magnitudes li and ii'5. — On the employ- 
ment of gas thermometers, by M. Crafts. These remarks are 
made in connection with the hydrogen instrument recently 
described by M. Cailletet, who mentions an analogous type of 
thermometer devised ten years ago by M. Crafts. — On a new 
system of telephonic communication between trairs in motion 
and the neighbouring stations, by M. P. Germain. A series of 
electric measurements effected on rails from the stand-point of 
their resistance, insulation, and diffusive electric power, has 
satisfied the author that the two metallic parts of the same line 
connected together constitute an excellent conductor, provided 
the circuit and pile be insulated from earth. He has established 
ctirves of resistance for the rails according to the variations 
caused by the temperature and by the humid condition of the 
ballast. A new line shows less resistance than an old, owing to 
the oxidation of the points and the slow transformation brought 
about in the molecules of steel under the influence of vibration. 
By setting up the necessary apparatus in the stations and in the 
guard’s van, telephonic correspondence may be carried on in 
both direction.? ; but the details of the process are for the present 
withheld. — On anew fossil fish of the Coramentry (Aliier) Coal- 
measures, by M. Charles Brongniart. This fish, of which several 
goo<l specimens have been found, presents peculiarities distin- 
guishing it from all other fishes extinct or living. It is here 
consequently constituted a separate order of Pleuracanthides, 
as the prototype of the star-hsh, Ceratodus, and ajlied forms. 
The present specimen is named gaudtyi, in honour of M. 
Albert Gaudry. 

Berlin. 

Physiological Society, April 13.— Prof. Munk, President, in 
the chair, — Prof. Gad made a complementary communication to 
his previous one dealing with the proof of the Wallerian law. 
His experiments were carried out, in conjunction with Dr. 
Joseph, on the vagus nerve and its jugular ganglion. The nerve 
was cut through either on the central or peripheral side of the 
ganglion, and after six or eight weeks degeneration was looked 
for m the ganglion and nerve. These exijeriments yielded only a 
general confirmation of Waller's law ; at the same lime they 
brought to light so many peculiarities and divergencies, that, even 
with the heip of physiological experiment, it was found im- 
possible to deduce any universal laws from the details com- 
municated to the Society.— Dr. Bapinski spoke on the Bacteria 
normally present in the faeces of children which are being fed on 
the milk of the mother. As is well known, Eschricht has dis- 
tinguished two kinds among the above, vir. Bacterium laciis 
and Bacterium eoli ; of these the first is said to be capable of in- 
ducing the lactic fermentation of mijk-sugar. The speaker had 
investigated the truth of this statement by cultivating the 
Bacterium lactis^ with all needful precautions, in a solution of 
milk-sugar to which neither peptone nor any other nutrient 
fluid had been added. When the fermentation was at an end, 
the fluid was strongly acid, bm no lactic acid, or at most 
the minutest trace of this acid, could be discovered in it : all the 
reactions which it did yield pointed to thepresence in it of acetic 
acid. This Bacterium lactis (which should now rather perhaps 
be called BacteHum aceti) produced no effect on casein or 
any other proteid, and no putrefactive change was induced. 
Similarly it had no action on starch paste. Bearing in mind the 
practical medical interest which attaches to fermentative 
)>rocesses which may occur in the alimentary canal of children at 
the breast, Dr. Baginski had next investigated the behaviour 
of the Bacterium and the nature of the fermentation it produces 
when deprived of air and oxygen, and found that the fermentation 
was in all respects the same as that which takes place with access 
of air. The gaseous products of the fermentation were carbonic 
add .gas, hydrogen and marsh-gas. From among the various 
substances whose action on the Bacterium was tried, it is suffident 
to mention that acetic acid very speedily killed it, so that no 

S owth of the organism was observed in gelatine made add with 
e product of its own activity. This product therefore plays 
the part of an active poison as regards the further life of the ] 


organism.— Dr. Mertsching spoke on the histdoCT of the slcln 
and hairs, and in some detail on fbe mode of tmdn of homy 
growths, 'fhe speaker exhibited a large number of preparations 
in support of his views. 

Amsterdam. 

Royal Academy of Scienoea, March 3i.^Mr. Martin 
stated that he had been charged by Mr. van Lansberge, late 
Governor- General of Dutch India, to present to the t^jyden 
Museum a portion of a jaw of a gigantic ichthyosaurus from the 
south coast of Ceram. From this fossil the existence ol 
Mesozoic strata in that island may be inferred ; and the fact that 
in British India and in Australia remains of the same animal 
have been found in the Chalk suggests that in Ceram also there 
may be a Cretaceous formation. The statement made in 
Berghaus's Physikaiischer Atlas, to the effect that a Palteozoic 
formation is to he found on the south coast of Ceram, is without 
foundation. 
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FORMS OF ANIMAL LIFE. 

Forms of Animal Life, A Manual of Comparative 
Anatomy, with Descriptions of Selected Types. By 
the late George Rolleston, D.M., F.R.S., Linacre Pro- 
fessor of Anatomy and Physiology in the University 
of Oxford. Second Edition, Revised and Enlarged 
by W. Hatchett Jackson, M.A., Natural Science Lec- 
turer, St John’s College, Oxford. (Oxford : Clarendon 
Press, 1888.) 

T he first edition of Prof. Rolleston’s Forms of 
Animal Life” was published in 1870. Avowedly 
an educational work, and written expressly for btudents, 
it came at a time when the teaching of zoology was in a 
very different position from that which it now hold'?, and 
opportunities for systematic laboratory instruction were 
rare. 

At Oxford there already existed an admirably equipped 
Museum, in the arrangement of which the wants of 
students received special attention ; facilities for labora- 
tory work were also offered, and among the Linacre 
Professor’s pupils were men destined to become the 
leaders of the younger school of English zoologists. 
Elsewhere, however, the conditions were less favourable. 
The Cambridge school of biology, which has made for 
itself so great and honourable a reputation, as yet had no 
existence. Indeed, it was not till the year of publication 
of Prof. Rolleston’s volume that the Trinity Prielcctor in 
Phjsiology entered on the duties of his new office ; and 
it was in October of the same year that the late Prof. 
Balfour commenced his brilliant University career. 

In other centres the state of things was very similar. 
Zoology was taught almost exclusively by lectures, often 
indeed of great value, but supplemented at most by 
demonstrations. Individual students worked hard at 
dissections or in museums, but organized laboratory in- 
struction, in direct connection with systematic lectures, 
existed on a very small scale, if at all. 

There was, however, a firm conviction on the part of 
those most directly and intimately concerned, that a great 
change was necessary ; and a determination to carry out 
this reform at the earliest possible opportunity. In 1872, 
Prof. Huxley entered into possession of the new Biological 
Laboratories at South Kensington, and at once inaugur- 
ated a system of combined lecture and laboratory in- 
struction which has formed the model on which all 
subsequent courses have been framed. Three years later 
he published, in conjunction with Prof. Martin, the 
** Course of Elementary Instruction in Practical Biology,” 
and from that time the teaching of biology by lectures 
only became impossible. 

This same year, 1875, witnessed the commencement of 
Prof. Balfour’s systematic courses of practical morphology 
at Cambridge, and the introduction, by its newly elected 
Professor of Zoology, of the reformed system into one 
of the most eminent of the London medical schools. 
The change spread rapidly throughout the country, and 
tbe adoption of the new methods of teaching, pushed to 
its logical conclusion, led to the establishment of numer- 
ous appointments, and to the building and equipment of 
You XXXVIU.— No. 967. 


the splendid Laboratories at Cambridge, Manchester, and 
elsewhere. 

It would not be wise to attempt to estimate too accur- 
ately to what extent Prof Rolleston’s book was instru- 
mental in bringing about this reform, by which the whole 
scope and method of biological teaching were altered. It 
must be noted, however, that the time of its appearance 
was most opportune, and that the two leading principles 
of the book, in which it differed most markedly and most 
deliberately from all other works of the time, were pre- 
cisely the characteristic features of the new school. 
These afre, in the first place, the insistence on accurate and 
practical examination of selected types before a student 
is allowed to proceed to the systematic study of the groups 
to which the types belong ; and, secondly, the importance 
of direct reference to the original sources of information. 
On ilie first of these points, Prof Rolleston says, in his 
preface : — 

“ The distinctive character of the book consists in its 
attempting so to combine the concrete facts of zootomy 
with the outlines of systematic classification as to enable 
the student to put them for himself into their natural 
relations of foundation and superstructure. The founda- 
tion may be made wider, and the superstructure may 
have its outlines not only filled up, but even considerably 
altered, by subsequent and more extensive labours ; but 
the mutual relations of the one as foundation and of the 
other as superstructure, which this book particularly aims 
at illustrating, must always remain the same.” 

On the importance of direct reference to the original 
authorities he speaks very positively : — 

“ In some cases, even the beginner will find it necessary 
to consult some of the many works referred to in the 
descriptions of the preparations and in the descriptions 
of the plates ; but the bibliographical references have 
been added with a view rather to the wants indicated in 
the words *Fur akademische Vorlesungen und zum 
Selbststudium,’ so often prefixed to German works on 
science, than to those of the commencing student.” 

Forms of Animal Life” was the first student’s text- 
book in which these principles were distinctly formulated 
and deliberately adopted ; and there can be no doubt 
that it played a moit important part in stimulating and 
enforcing a direct study and accurate acquaintance with 
type forms as a necessary prelude to systematic zoological 
work ; just as the admirable series of preparations by 
Mr. Robertson, the description of which forms so charac- 
teristic and important a feature of the book, have fur- 
nished a model from which other museums have copied 
freely and to their great advantage. 

Prof. Rolleston took great interest in his book : during 
the later years of his life he was actively engaged in pre- 
paring the second edition ; and very early in this work 
he a.ske(l Mr Jackson to act with him as joint author. 
Some f>rogrcss was made in this joint work, but it was 
soon interrupted by the illness which, in the winter of 
1880, compelled Prof. Rolleston to go abroad, and which 
proved fatal only a few months later. 

“When Prof. Rolleston went abroad,” says Mr, Jack- 
son, “he put me in possession of his plans for the rest of 
the work, handed his papers to me, and expressed a hope 
that, if he were disabled from completing the new edition, 
I might be the person to do it in his stead. It is almost 
needless for me to add that in fulfilling this sacred trust 
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] have endeavoured to carry out his wishes, which were 
mainly three: (0 to enlarge the descriptions of the pre- 
parations and accounts of the various classes of animals, 
and to bring them to the standard of contemporary 
knowledge ; (2) to add to each class or group a brief 
classification ; and (3) to give as full a bibliography as 
space would admit/' 

The new edition which is now before us has been most 
carelully revised throughout ; very considerable additions 
have been made, especially in the systematic jiortion, 
whkh has been entirely re-written by Mr. Jackson ; and 
the volume is more than double the si/e of its predecessor 
— extending to upwards of 900 pages. 

The book, as before, consists of three main sections; 
the descriptions of the selected preparations; the descrip- 
tions of plates illustrating the sidient features in the 
anatomy of certain of these types ; and, thirdly^ the 
systematic accounts of the several groups into which the 
animal kingdom is divided. The arrangement of these 
sections has been altered ; for while in the former edition 
the descriptions of the preparations and plates were 
placed after the systematic part, the relative positions 
have in the new edition been reversed. The present 
arrangement is a more natural one, and the change, which 
was contemplated by Prof. Rolleston, is ceitainly an 
improvement. 

The selected preparations, the description of which 
fornis the first section of the book, arc for the most part 
the same as those of the former edition. The skeleton 
and certain parts of the muscular system of the rabbit, 
and the alimentary canal, urinary, and generative organs 
of the same animal, have been added ; the privet hawk 
moth has been substituted for the death s head ; and the 
skeleton of the pigeon and a few invertebrate preparations 
have been omitted. Though the number of the prepara- 
tions remains practically the same as before, this portion 
of the book has been increased by nearly a hundred 
pages ; the expansion being due mainly to the insertion 
of much fuller accounts of allied forms, and partly to 
a large addition in the bibliography. 

It would be an easy matter to take exception to the 
plan of this part of the book, and to urge that the space 
devoted to the description of particular specimens, which 
the majority of readers can never have a chance of seeing, 
might have been allotted, with far gfeater advantage to 
students, to thorough descriptions of the anatomy of typical 
ammals selected as representatives of the several groups. 
Accounts such as tliese aj^e much waiMed, and the oppor- 
t unity for providing them was an exceptionally favourable 
one. The criticism, however, loses all point as directed 
againat this second edition, for Mr. Jackson, regarding 
hks task as a trost, has rightly refrained from interfering 
with the scheme of arrangement of this, perhaps the 
moat characteristic section of the book. 

He has, however, subjected the whole to very careful 
revitioa. The deacriptions are admirably clear and con- 
cise, and the additional paragraphs have given Mr. Jack- 
son opportunity for introducing references to alhed forms 
which are always important, and in many cases of very 
h^h value indeed. 

The second port of the book, containing the plates 
with their descsiptiotta, ia lest satisfactory. Of the twelve 
plates of the fim $ditUm tern have been retained without 


change, one has been slightly altered, and one cancelled. 
Three new plates, which had been prepared and com- 
pleted under Prof. Rolleston's own direction, have been 
added, illustrating points in the anatomy of the skate, 
of the oyster, and of certain Arthropoda respectively. 
Wc sincerely wish these plates had been omitted. 
They form no essential part of the book ; the subjects 
are not well chosen ; and the drawings themselves are not 
always correct. The figure of the reproductive organs of 
the earthw orm, for instance, is very misleading ; and the 
nephridia, ns shown in the same figure, are entirely 
wrong. The new plates show no improvement on the old 
ones : llic figure of the oyster is not of sufficient import- 
ance to Justify its insertion, while the plate supposed to 
illustrate the anatomy of the skate is one of the very 
worst we hav'e ever seen. We cannot but feel the highest 
respect for the conseientious and sclf-efTacing spirit in 
which Mr. Jackson lias can ied out a most laborious and 
delicate task ; but we believe most sincerely that he 
would have done more honour to the memory of his chief 
by suppressing most if not at) of these plates, which are 
in every way unworthy of the book and of its authors. 
I'Tom the fact that this part of the book has alone 
undergone compression, we suspect that Mr Jackson, 
who has no responsibility in connection with the plates 
save that of retaining them, agrees with us as to their 
merits. 

About a dozen woodcuts have been inserted in the 
descriptions of the preparations : these are well chosen 
and will prove useful, though the absence of descriptions 
in two or three cases is somewhat exasperating. At the 
present time accurate and original figures illustrating the 
anatomy of typical animals arc so urgently needed that 
we cannot but regret that the resources of the Clarendon 
Press were not drawn on more largely in this respect 

The third and concluding portion of the book contains 
the systematic descriptions of the groups ; and here the 
changes are very great indeed. Occupying less than two 
hundred pages in the former edition, it has now increased 
to si.x hundred. This part of the book is by far the most 
important, and is exceedingly well done. Short descrip- 
tions of the larger groups are followed by most accurate 
and comprehensive accounts of the several classes. The 
further subdivision of the classes into orders and other 
minor groups is given in all cases ; and the most recent 
researches are referred to, without being given undue 
prominence. 

For this part of the work Mr. Jackson is entirely re- 
sponsible, and we congratulate him very heartily on the 
sidmtraUe manner in which he has effected it. We have 
indeed but one corrifrfaijit to make— namely, that, as in 
the former edition^ the groups are described in descending 
order, Vertebrates being taken first, and Protoioa last. 
This is a serious fault, giving the effect of an uncomfort- 
able drop as we pass from group to group, and, forther- 
more, rendering discussion of the mutual relations of the 
several groups very difficult, and in many cases futile or 
hnposcible. 

Apart from this, we have nothing but praise to offer. 
Limits of space will not allow that we should deal at length 
with the several dfasscs^ but a few points may b« noted. 
The Entcropneueta arc left amoog the ^‘Worms'*; 
their vertebrate afifoihles are mentionedy though Mr. 
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Jackson does not appear lo favour their claims to rank 
among the higher group. The vexed question of the 
homologies of the Arthropod appendages is treated fully 
The antennules of Cnistacea are doubtfully classed as 
true appendages, while the Crustacean antennie, with the 
chelicera:: of Arachnida are regarded as post-oral ap- 
pendages which have become pre-oral by shifting for- 
wards. The antennae of Myriapods and Insects are ruled 
out, “as being apparently processes of the prorephalic 
lobes ; ** while the suggestion that the telson represents a 
region rather than a somite will meet with very general 
approval. 

Brauer’s classification of Insects is adopted, with some 
slight modifications, and is given in considerable detail 
The leeches are tieated with caution as an isolated 
group, and no suggestion is made of their possible 
affinities with Turbellaria. 

Among the lower groups the Ccelenterata arc dealt 
with very thoroughly. The possibility of near kinship 
between the Acraspcdole Medusat and the Anthozoa that 
has found favour of late with Gottc and others is men- 
tioned, but rejected. 'J'he ITotozoa also receive very 
liberal and thorougli trentinent, more than a hundred 
piiges being devoted to them. As regards classification 
three main divisions are adojited : the Acinetaria, Ciliata 
and Mastigophorvt are classed together as Tlegepoda, a 
group equivalent to the Siomatophorous Corticala of 
Lankester, and for which the old term Infusoria might 
conveniently be used. The remaining divisions are the 
Endoparasita or Sporozoa, and the Khizopoda, the latter 
group being equivalent lo Lan I ester’s (/vmnomyxa. 

Mr. Jackson is a singularly modest writer, and seldom 
allows his own hand to lie seen ; a note on the blood- 
vessels of the earthworm, in which he (luestions the 
existence of the so-called subintestinal vessel, is of con- 
siderable interest ; and throughout the volume there is 
abundant evidence of iptimatc practical acquaintance 
witli the groups he describes so well. 

The importance, even for the junior student, of direct 
reference to original papers was, as we have noticed 
above, one of the points on which Prof, Rollesion insisted 
most strongly. In this respect Mr. Jackson has afforded 
assistance of a singularly efficient character. Possessed 
of a most unusually accurate and extensive acquaintance 
with the zoological literature of all countries, Mr. Jackson 
has given the full benefit of his knowledge to readers of 
his book. Every page teems with evidence of the most 
diligent research amongst aulhoritica, and none but a 
specialist in each group can estimate rightly the enormous 
amount of labour that its preparation must have cost him. 
Only less admirable is the restraint which has enabled 
him to refrain from burdening the book with an undue 
number of references, while those that are given have 
been selected with the utmost care, and arranged in such 
way as to afford the student aid of a kind hitherto denied 
him. “ The method I have adopted,” says Mr. Jackson, 
““is to cite the most important and recent authorities, which^ 
when consulted, will in most cases give the names of all 
other accounts worth reading, so as to form a really very 
complete index to the state of present knowledge.*' It is 
this ** index " which constitutes the characteristic feature 
of the new edition ; and in the care and thoroughness 
with which he has compiled it, Mr. Jackson has conferred 


an inestimable boon on zoologists, and has rendered his 
%vork indispensable to teachers and students alike. 

The earlier edition of “Forms of Animal Life” was 
marked by a certain singularity, at times almost gro- 
tesque ness, of diction, which interfered to some extent 
with ihe popularity of the book ; we are glad to observe 
that care has been taken to remove this blemish, though 
an occasional tendency to reversion may be noticed in 
such statements as that “ the anterior prostate is divaric- 
able into two lobes,” or that a given figure is “one-half 
Jess lhaft naiural size.” 

Jl would be better, too, if zoologist.s could completely 
emancipate themselves from the traditions of human 
anatomy, and cease lo speak of the anterior part of a 
rabbit as the “upper half,” or lo use .such terms as 
“vena cava desrendens.” “Urogenital,” too, which 
thre.atens to establish itself permanently, should not be 
used for urino genital ; and the term “pseud-haemal” is 
ol)Jectu)nable, and, as applied lo the vascular system of 
an earthworm, meaningless. 

However, these are but small points ; and in concluding 
we acknowledge in the fullest degree the singularly pains- 
taking and cons ientious manner in which Mr Jackson 
has fulfilled his task, and the signal service he has thereby 
rendered- to /oologisis. “Forms of Animal Life” is a 
unique book ; none but Prof. Kolleston could have written 
it ; and probably there is no one who could have retained 
and developed more successfully than Mr. Jackson has 
done the exactness and thoroughness lo which Prof, 
lluxlcv long ago alluded as its special charm. 

A M. M. 
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77/c %vtth <fn Introductory Chapter on 

i\umlh'r^ iltncniliv. Hy Manley Hopkins. London : 
SamphiOii Low, 1887 ) 

U N LI K k- H udibras, who could, as we are told, “ extract 
numbers out of matter,” Mr. Hopkins proposes in 
tlic essay before us to extract matter front numbers, or, as 
he says in the preface, “ to show that every-day things— 
numbers being one of them— possess in themselves 
materials worth investigation, and connections with other 
subjects of thought and study.” Our author does not 
attempt any systematic investigation of the properties 
of numbers: to do so wt)uld far transcend the modest 
limits to wliith he confines himself. He prefers to con- 
sider numbers in their relation to such svibjccts as religion, 
music, poetry, mythology, and superstition. Some purely 
numerical facts are, however, given, which either are, or 
else ought to be, found in every text-book of arithmetic — 
for instance, the rules (given on p. 75, at the beginning of 
the appendix) for determining w^hen a number is divisible 
hy any of the first twelve numbers, 7 only excepted. The 
cardinal numbers from 1 to 10 inclusive are treated 
sepantely in ten distinct chapters. These, with the 
introductory chapter and an appendix, the principal 
portion of which is taken up with magic squares, form the 
whole of the work. 

The nature of our author’s remarks will be best seen 
by making a few quotations. Thus in the chapter on 
Number C ne, after speaking of the unity of the Godhead 
and the oneness oiF self, he goes on to say : - 
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"Geography and natural history abound in word» 
which express the separateness an object, its isolation, 
its ofu-/iuess. Similar to the number i, and to the 
pronoun I, there are found in different languages and 
dMtects referring to local separation, the words t\ ey^ eye^ 
0 ggi^xA here think of the Latin ego and the Greek fyu), 
eyoi^ oitj iftch^ inms^ tie, isUy intfer^ insula^ isota^ isla ; 
and connote some of these with the animal eye and egg^ 
having a similar separation as an island in geography. All 
the latter have the same meaning, and express a portion 
of land segregated, cut off from other land and surrounded 
by water— oneness." 

With the above we may compare Shakespeare's use of 
the -word eye in the passitgc— " The ground, indeed, is 
tawny. With an eye of green in 't" (“ Tempest,” Act IL, 
sc. i). 

Respecting the celebrated twos in profane myth and 
history, we read in the next chapter ; — 

" Prominent among these are Romulus and Remus ; 
Brutus and Cassius ; and in Irish legend £ber and Airem ; 
concerning Whom we are informed that £ber was slain by 
his brother Airem. He was the hero of the Ivemians, the 
ancient non-Celtic inhabitants of Ireland. Airem was the 
ancestor of the Celt.s who conquered the country." 

The Hibbert Lecture, May 1886, is referred to in a foot- 
note as the source from which this Irish version of the 
story of Romulus and Remus was taken. It is new to us^ 
and will probably be so to most of our readers. 

In the chapter on Number Three we are told the origin 
of the heraldic Jleut‘ de lys : — 

" It was the device of three fishes, tied together with a 
ribbon, which formed the fieur de luce — luce being the 
name of the fish ; but which was afterwards transfigured 
into the more elegant emblem of the fieur de lys^ the 
flower of the iris, taking the place of ths fish, its three 
petals still presenting a trine." 

It will be remembered that Justice Shallow, in the 
opening scene of the " Merry Wives of Windsor," speaking 
of " the dozen white luces ” in his coat, remarks that “ the 
luce is the fresh fish." 

To the noble army of circle-squarers we leave the task 
of refuting the following argument'; merely remarking 
that it may with equal facility be used to disprove the 
quadrature of the parabola, which has been believed 
in by all orthodox mathematicians since the time of 
Archimedes ; — 

“ In a quadrangle, the space may be divided into the 
minutest squares, leaving no space undivided ; but in a 
circle, every sauare applied to its periphery will always 
leave an angular space ; and however far the process 
of smaller angles may be canied, an ultimate undivided 
space will remain.'' 

Apparently our author is not quite satisfied with this j 
for in the next paragraph (on p. 47) he proves, in another 
manner, that the circle cannot be squared- In both proofs, 
for the words " a circle " we may substitute " any curve, 
including the parabola," without thereby affecting the 
argument. 

We have never heard of Montrecla, to whom we are 
referred for an account of attempts to square the circle ; 
but jfwsslbly Montucia is meant, who in 1754 published 
a " Hi|tpry of Researches relating to the Quadrature of the 
Circle,** a second edition of which (by Lacroix) appeared 
in 1831; This conjecture is strengthened by the fact that 
our author's list of the principal calculators of w ends 
with Vega (horn in i7S4 And murdered in r8ox), 


obtained its value to 140 decimal places, making ho 
mention of Rutherford and Shanks, who In more recent 
times pu^ed on the calculation to $00 and 707 places 
respectively. 

From Chapter VIL, which treats of a variety of Buhiecta, 
including among them "the number of the beast and 
the fine distinction between six and halfia-douen^ we select 
for comment the following sentence : — 

" Six, also, is the least number of the points of fixature; 
so that a body cannot und^r all circumstances be im* 
movable unless ‘secured (or resisted) at six points." 

Having only common sense to guide u$, and being unable 
to divine what train of reasoning could have led the 
author to the above conclusion, we should imagine that 
whenever any two points, A, B, of a body are fixed every 
other point in the straight line AB is also fixed, so that the 
body can only rotate round the line AB. Consequently 
if any third point (not in the straight line AB) is also 
fixed the body is immovable. Do the words " under all 
circumstances " imply that the body is immovable even 
when all six of our author's " points <A fixature " are in the 
same straight line ? If not, we are at a loss to know what 
they mean. 

The appendix contains among other things a method 
of filling up magic squares which is said to have been 
communicated by a Russian mathematician to Prof. 
Sylvester and by him to a friend of the author. As some 
portions of the Russian Empire are not very far distant 
geographically from the land of the Chaldseans, this tradi- 
tion may have had its origin among the magicians, 
astrologers, Chaldseans, and soothsayers of the Court of 
Nebuchadnezzar, to whom magic squares weie doubtless 
well known. We hope Mr. Hopkins will be able to trace 
it to its source, even though it would take some time to 
do so, and the appearance of a second edition of " The 
Cardinal Numbers "might thereby be delayed. The public 
need not be impatient, for they can in the meantime allay 
their curiosity concerning the properties of magic squares 
by a perusal of the " Mathematical Rccrcations"of Ozanam 
and a host of more modem writers. 


OC//i BOOK SHELF, 

The Romance of Mathematics, Beii^ the Original 
Researches of a Lady Professor of cfirtham CoU^ 
in Polemical Science, with some Account of the Soend 
Properties of a Conic; Equations to Brain- Waves; 
Social Forces ; and the Laws of Political Motion. By 
P. Hampson, M. A., Oriel College, Oxford. (I..ondoh: 
Elliot Stock, 1886.) 

Our first acquaintance with the title, which we bpva 
copied in full, was limited to its four opening 
These suggested various ways in which the sublect 
be treated ; we had no idea that the task before us was 
to examine and report upon a somewhat mild Jeu 
The editor, who poses as a Cambridge siudeni ana 
quondam pupil of the Cirtham Professor, and subiMir 
quentlyas her husband, discovers, in a weii-wosn de$k| 
certain lectures, essays, and other matter. In Idf 
duction he says it is not his intention to disclose ^ 
came into possession of the papers; in the closing 
he is caught in bis work of reading and 
and length we gained our poin^azMi 
fiiU sanction of the late Lady Professor of 
lege to publish her papers," Thus her obeA^^^H^ 
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him,** and also to remove from the mind of the reader the 
unpleasant leelinK he has all along had whilst perusing 
jdte papers, that he was a party to a mean action in so 
doing. 

The earliest essay, in an unfinished form, written whilst 
10 siaiu fkUpillafiy is entitled ^‘Some Remarks of a 
Girtham girl on Female Education/* and combats those 
female sycophants'* who would prevent us from com- 
peting with you ; you would separate yourselves on your 
isUnd of knowledge, and sink the punt which would bear 
us over to your privileged shore. Of all the twaddle — 
forgive me^ male sycophants ! — that the world has ever 
beard, I think the greatest is that which you have talked 
about fiemale education.*’ 

. The second paper is a “ Lecture on the Theory of Brain - 
Waves, and the Transmigration and Potentiality of 
Mental Forces.’* She takes the usual equation 

J sin («V - r), 

and determines X by the method of mesmerism. “ We 
£nd the ratio of brain to brain— the relative strength 
which one bears to another ; and then, by an application 
of our formula, we can actually determine the wave of 
thought, and read the minds of our fellow-creatures. An 
unbounded field for reflection and speculation is here 
suggested. Like all great discoveries, the elements of 
the problem have unconsciously been utilized by many 
who are unable to account for their method of procedure. 

. . . The development of this theory of brain- waves may 
be of great practical utility to the world. It shows that 
great care ought to be exercised in the domain of thought, 
as well as that of speech.** Some verses follow, and then 
we have Papers iii. and iv., which are, in our opinion, the 
best part of the book, viz. a “ Lecture on the Social Pro- 
perties of a Conic Section,” and the Theory of Polemical 
Mathematics.** Paper v. contains a Lecture upon Social 
Forces, with some Account of Polemical Kinematics,** 
and Paper vi carries on the preceding into ** Polemical 
Statics and Dynamics ; Paper vii. expounds the Laws 
of Political Motion,** and Paper viii. closes the book with 
a lecture “ On the Principle of Polemical Cohesion.** We 
ought to apologize for going into such detail, but our 
account will show our readers that the present work does 
not deal with mathematical discoveries, ft is a ‘*skit,’* 
with the perusal of which a reader acquainted with 
mathematics may while away, not unpleasantly, an odd 
half-hour or two. 

Antipodean Notes. By ** Wanderer.** (London : Sampson 

Low, 1 888.) 

Lights and Shadows of Melbourne Ufe. By John Free- 
man. (Same publishers.) 

The “notes'* in the first of these two books do not 
embody the results of a very wide experience. They 
simply record some observations made by the author in 
the course of a nine months* tour round the world. 
“Wanderer” does not, however, pretend to offer an 
exhaustive account of any of the subjects on which he 
touches. He has an easy, pleasant style, and gives with 
some vividness his first impressions of the scenes he 
describes. The greater part of the book relates to New 
Zealaiul, the practical, commercial, and social aspects of 
whldh be tiad, be thinks, more and better opportunities of 
studying Ibafl arc obtainable by the majority of “globe- 
There is a short but interesting chapter 
on Ihe Maoris, of whose qualities, as they have been 
affiMsd by contact with civiltsation, “Wanderer** has 
no ve^ exited opittiom He admits, however, that 
thtsre int eaceptibns to vdiat he calls “the average 
^ Oneol the native members of the 

House of l^epresentatives is, he says, “ highly cdu- 
iblbll^ea even eloquent.” The question 

to the House was 
speech of this deputy on the 


subject was “ by far the most brilliant and entertaining 
of a debate in which many colonial legislators soared 
above the ordinary level of dull mediocrity.** 

The second book consists of a series of papers, some 
of which were originally contributed to Melooiirne news- 
papers. They are written in rather too “ smart ** a style, 
but contain much information which it would be hard 
for Englishmen who may be interested in Melbourne to 
find elsewhere. The book will no doubt be welcomed by 
many visitors who will go this year to Melbourne to see 
the Centennial International Exhibition. 


LETTERS TO THE EDITOR, 

[The Editor does net hold himself responsible fir opinions 
expressed by his correspondents. Neither can Ar uHcUr- 
tMe to return^ or to correspond with the writers ofi 
rejected manuscripts istiended fir this or any other part 
of Naturb. No notice is taken of anonymous communi^ 
cations,'] 

The Salt Industry In the United States. 

I CAN sympathize to a great extent with your correspondent 
George P. Merrill cn the question of salt statistics. For a 
num^r of years 1 have l>een accumulating information on the 
whole subject of salt, and have found the greatest difficulty in 
obtaining much of a trustworthy character. The most extensive 
salt literature is in Germany : even there the statistical part of the 
subject is not deaU with so extensively as the geological, geo- 
graphical, chemical, and manufacturinc. Perhaps the moat com- 
plete salt literature is that of India, which is issued yearly by the 
Government ; but it deals almo-t exclusively with Indian salt. 

I am not much surprised that the information in our Encyclo- 
paedias respecting the salt industry of the United States should 
be so scanty. Moat of the information derivable respecting it 
has to be obtained from* public newspapers, trade pamphlets, or 
papers in scieniihc journals. It is true thnt, so far as the deposit 
of Petit An&e, in Louisiana, is concerned, the United States 
Government publisbetl an account of it shortly after'tbe termina- 
tion of the great war. Dr. Sterry Hunt, whom I had the 
pleasure of meeting at Manchester at the British Association, has 
written probably more than anyone else on American salts ; but 
it must be borne in mind that it is only within the last twenty 
years that the great salt discoveries in Western New York and 
Michigan have been made. I have a complete or nearly com- 
plete list of all the Michigan works, which was issued in the 
Chicago Triimne of January 24, 1888. I have also before me a 
copy of llic Sagnaxv Courier of December i8, 1887. This gives 
some valuable tables respecting the Michigan ' alt. In Michigan, 
in 1887, 3,944,309 barrels of salt were inspected by the salt 
in«5ector. In 1869, only 561,288 barrels were made ; and in 1880, 
2,676,588. There was more salt made in Michigan in 1887 than 
had been made previously to 1869 in that State. Ilie growth of 
the salt manufacture has-been exceedingly rapid in the States ; 
hence the reason why so little is known of it outside the persons 
interested in the trade. 

Witi tin the last five or six jears there has grown up a most 
extensive salt manufacture in the Wyoming Valley in Western 
New York. Already this new district bids fair to ait out entirely 
the old Syracuse or Onondaga district. The make of American 
salt ha< much more than doubled itself in the last ten years. 1 
am sure that personally I shall be much pleased if Mr. Merrill 
will, either through your columns or direct to me, give any in- 
formation more accurate than is obtainable from our Encyclo^ 
pmdias. I am striving to establish at Northwich, the centre of the 
Cheshire salt trade, a Salt Museum, and although I hove been for 
a long time accumulating specimens of salt from all parts, and 
have, thanks to the East Indian Government, and through the 
kind exertions of Mr. J. T. Bnmner, M.P., our Parliamentary 
representative, who is most handsomely furnishing the Museum, a 
complete set of specimens of Indian salt, yet I find great difficulty 
in obtaining works treating on salt, also mw, plans, and diagrams. 
I trust, by degrees, to have n Museum perfectly unique, I believe. 

When I say that until the last two or three years our English 
salt statistics have not been trustworthy, and ihUt it Is only by the 
indefatigable exertions of Mr. Jpseph Dickinson, H.M. In^ctor 
of Mines, assisted by myself and one or taxi oth^ gentlemen 
connected a ith our salt trade, that they are now very nearly 
plete, Mr. Merrill most not be surprised at the difficulty of ^tting 
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trui^tMorthy inform Atlon> For some seventeen years 1 have kept 
^ complete list of alt salt ex^KJtts from the Mersey ports, and this 
list, 1 think, is the only complete one published, tl^ogh the Salt 
Chamber of Commerce here professes to have a list, which it 
does not issue for public use. Indeed, 1 re^rret to say that it is 
almost impossible to get any assistance or information from this 
body. ^ 

The French povemmettt issues at times a list of salt manu- 
ihotured or raiiwd ftom mines. The last I received, viz, 1879, 
gave, as the production for that yefar, *83,000 tons of sea salt and 
*9^000 tons of rock salt. 

Ish;^lt be glad to give any information I possess to Mr. Merrill^ 
and should be jglnd if any of your readers could give any in- 
formation or assistance that would enable me to mnkeoi comjdetc 
as possible the Salt Museum We are here forming. 

Nurthwich, Cheshire. I’HOMAS Ward. 

Prof. Ronenbuich’n Work on Petrology. 

Prof. PoNNEY’b letter (NAtURE, vol. x.sxvii. p. 556) makes me 
Vifhlurc once more to a^sk permission for space for a few remarks. 
One of the objects I had in view in writing to you at first is 
partly attained by the appearance of Prof. Bonney's “ friendly 
protest ; and his remark that but for my letter he should have 
refrained “ for a season*' leads me to hope that in due course 
this oWeCt may be still further realized. 

ProL Bonney secs great objections to Rosen busch's system of 
classiheation, and demurs to some of his groups altogether, both 
as to those admitted and those omitted. Naturally, then, he 
desires that thrfs system shall not, by students of petrology, be , 
too readily Accepted nor tOo blindly followed. I do not think 
there is much danger of this, nor do 1 think that the viaduct 
was too much cotnidimented either by Dr, Hatch or myself, the 
defective found. it ion of the piers in question being quite 
s«dficienCly aihided to for the time being. 

The position, however, seems to to this. The number of 
camcBt students of petrology is larger now than formerly, and 
is on the increase. They feel that no satisfactory system of 
classification had yet l>een offered to th'^m, and indeed are rather 
bewildered by the fact that opinions as to what is the best 
system have been almost as many in number as the teachers 
who could by any means claim to be authorities entitled to 
Instruct in thi* matter. Also, it is now a long time since any 
detailed system of classification, covering the whole ground*, 
has been attempted. 

Now we have such an attempt offered to us by Rosenhusch, 
and there is no doubt that to many it will be very welcome and 
will be largely used, in spite of the defects undoubtedly seen in it. 

Prof. Bonoey olyects to the viaduct because of the weakness 
of some of its piers, and stiJ! more strongly objects to it, I think, 
b^ase he considers that when a student has crossed it he will 
arrive at a point from which he will obtain a view of the sur- 
rounding country which will not be n good or correct view, and 
which wdi insovne respects confine the knowledge of that country 
already obtained and atUl to be sought for. 

Would neft this be just exactly the Ijesl time for some 
authority of great experience to come forward and point out lo 
us younger workers wherein the viaduct is defective, and wherein 
we shall see wrongly from the ground on the further side of it ; 
and to tell ns hi* opinion.^ as to a better viaduct, so placed as to 
lead us to a better point of outlook ? 

May we hof>e that Prof. Bonney will himself give us such n 
detailed critidsm of the subject ? It would be received with 
great attention and gratitude by many who, like myself, are 
looking for “light and leading*'^ in thi$ branch of study, 

A. B. 

History of the Contraction Theory of Mountain. 
ForrOatioi). 

Ik hi* “physical Geology," iccond edition, p, 674, Prof. 
Green aays : “The notion that the earth's contraciicm ha* been 
the cause of the displacement of the rocks and the elevations 
of (he surface seems to have occurred first to Descartes <ed. 
(ran^aise, ififiS^p. 3*2)/’ 

It does not seem to be generally known that, a few years 
later, the same idea occurred to Neaion^ In a, letter to 
Thomas Burnet he refers to that writer’s “Sacred Theory of Ihs 
the jLotin edition of which was published in a(^ 
con^ders the creation of the earth in connection with the Mosaic 
aocoemt. Ait^ sHggesticg illnsi rations of the “genei:atjo|i of 


hills,*’ Newton conblndes thus : “ I forbear to deserfho oUter 
causes of mountatiu, as the breaking out of vapoute from hwklw 
before the earth was well hardened,— 

ff/ tht whok j^obf after the u^fer re^ians or surftiee hfffm to fe 
hard though he adds, “ I have not set down anything I have 
well considered, or will undertake to defend.’* 

The letter, which is written in reply tp one of Burnet’s, (Uted 
January 13, i 65 o- 8 i, is given in full tn Brewster’s “Memoirs of 
Sir Isaac Newton," vol. ii. Appendix 4. The manttscript from 
which it is printed l» a copy of the letter, with<^t date or 
signature ; but, according to Brewster, whole is distinctly 
written in Sir Isaac's hand." ChaRLBS DaViBOK. 

Binninghamy April 23. 

Lightning and Milk. 

Emin Pasha (Nature, vol. xxxvii. p. 583) mentions the 
African Kuperalttion “ that fire kindled by a flash of lightning 
cannot be extinguished until a small quantity of milk has l>een 
poured over it." This idea is embodied in a Russian proverb, 
and has also existed in parts of Germany (Boyes, Lacon, 
p. 157). Emin Pasha adds that, in tempering swortU made 
from meteoric iron thunderbolts), the blacksmith tis^s 

not water, but milk. Are other instances of this custom known ? 
Has any explanation been offered ? Indian folk-lore furnishes 
two ideas wnich may illustrate it : one, that the fall of a meWor is 
a bud omen (Mdia/i JSfo/es amt Queries^ July 1887, 674) ; the 
other, that evil spirits arc very fond of fresh milk (id., Decern ' 
ber 1886, 19B), Meteorites and lightning are connected in the 
minds of ignorant people, particularly, as Euain Pasha tells us, 
in the present instance. 1 ne milk, ibereforc, whether ap^died 
by smith or fire-man, may be rather intended a* a propitia- 
tion than used for its intrinsic power of tempering .steel or 
extinguishing flame. F. A. BATHER. 

20 Campden Hill Road, Kensington, W,, April 29. 

The Duplex Pendulum Seismograph. 

As the accuracy of the duplex pendulum seismograph has 
been impugned by a writer in Nature, vol. xxxvii. n. 571, 
who at the same time adopts the instniment (with modincatiou.s 
which are, in my opinion, the reverse of improvements) 1 forward 
to you comparison diagrams. They show side by side the record 
given by the seismograph itself, and the real motion of the base 
of the instrument when that was artificially shaken in a manner 
that closely imitated on earthquake. The real motion wa« re- 
corded by means of a multiplying lever hinged by a universal 
joint in a bracket fixed to a sep irate support. In both records 
the motion is magnified about six times. The agreement of the 
two demonstrates the accuracy of the insinimenias an earthquake 
recorder, alike for large and for small motions. These are ex- 
amples of tests which I have been in the habit of applyh^ to 
seismographs since 1880 (see Proc, K. S., vol, xxxi. p. 440). In 
the present case the test was made with one of the duplex 
pendulum seismographs made and sold by the Cambridge 
IScienrific Instrument Company, and described by me in Natuxx, 
vol. xxxiv. p. 343. J. A, Ewino. 

University College, Dundee, April zo. 

Self- Induction. 

1 HAVE to apolq^ze for erroneously attributing to Dr. LodM 
a suggestion with reference to the self-induction of wires (Sr 
high-tension electric discharges. 1 do not, however, consider, 
as Prof. Lodge appears to do, that for such discharges H is “(Mi 
the face of U absurd ’’ to suppose that the self-induction Of iroo 
wires is less than that of copper wires of the same dimensioaa, 
Prof. Ewing has suggested that for very small values of the 
magnetUing force, H, iron may p >sribly behave as a diamagnoitc 
body, and the corresponding values of the magnetic sus* 
cepiiWlity, may be negative. The values of the magnetfc 
induction, B, which are given by the equation — 

B as (i -h 

will be less tiian H, because ^ is negative. The rate of increi^ 
of B with H will be less than unity for iron if this 
Is ttnd, and will be equal to unity for copper, for whioh 
suppose that the valuedf k is negligible. The coriflfiefent 
Indwctioa, which will be proportional to the of inen^ ^ 
® N of the saWte dlOseftafocW WlR 

be less for Ibe iron than for the oopperl 
City and OoUds Institute, M^y a. W. JT 
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SUGGESTIONS ON THE CLASSIFICATION OF 
THE VARIOUS SPECIES OF HEAVENLY 
BODIES^ 

IV. 

m-ON THE SPECTRA OF STARS OF GROUP IT. 

I N the previous part of this memoir I have attempted to 
give a general idea of that grouping of celestial bodies 
which in my opinion best accords with our present know- 
ledge, and which has been based upon the assumed 
meteoric origin of all of them. 

I now proceed to test the hypothesis further by showing 
how it bears the strain put upon it when, in addition to 
mneral grouping, it is used to show us how specific 
differences are arrived at. 

I. General DtscussroN of Dun^r's Observations. 

In the paper communicated to the Royal Society on 
November 17 1 pointed out that the so-called “stars'' 


It will be clear at once that in the case of the ^arE 
flutings the dark bands should agree with the irxxe 
tion of the vapours, and that when the amount of absorp- 
tion varies, only that wave-length away from the maximum 
of the flutings will vary. Thus, the same fluting may be 
represented as in Fig. 6, according to the quantity 
of the absorbing substance present. 

I n the case of the flutings, however, the dark bands 

on either tide may in some cmes be produced partly by 
contrast only, and (be brighter and wider the bright flutings 
are the more they will appear to vary, and in two ways ; 
first, they will dim by contrast when the bright fluting 
is dimmer than ordinary ; and secondly, the one on the 
side towards which the bright fluting expands from its 
most decided edge will diminish as the bright fluting 
expands (see Fig. 7). 

There is also another important matter to be borne in 
mind. As these spectra are in the main produced by the 
integration of the continuous spectra of the meteorites, 
the bright flutings of carbon, and the dark flutings pro- 
duced by the absorption of the continuous spectra by the 




Fig. 6 , — Diagram xhomng how an abBor;()tioa (luting varies in width according 
to the qiKUitUy of absorbing substance present. 


of Class 11 1 . were not masses of vapour like our sun, 
but swarms of meteorites ; the spectrum being a com- 
pound one, due to the radiation of vapour in the inter- 
spaces and to the absorption of tbc li^ht of the red- or 
white-hot meteorites by vapours volatilized out of them 
by the heat produced by eoUiwpns. 

I also showed that the radiation was that of carbon 
vapemr^ and that some of the absorption was produced by 
the 4i{ef flutings of Mb in* 

Oohd^ln his map gives eleven absorption bands, chiefly 
to Clasa tifa, but in the case of the tenth and 
bondathere is some discrepancy between his map 
and the text, to wtilch te^noe wilt be tttade subsequently. 

of the 


m4 Si tbfe Koyst Socisty os AfirU tt, by 
itmUtfU fiwiip. ri.' 





vapour surrounding each meteorite ; the proportion of 
bright fluting area to dark fluting area will vary with ‘the 
reduction of the spacing between ihe meteorites; 

If any bright or dark flutings occur in the same region 
of the spectra when the spaces are greatest, the radia- 
tion effect will be stronger, and the absorption fluting will 
be “masked where they are least the radiation itself 
will be masked. This reasoning not only applies to 
flutings but to lines also. 

The Rcu^ia/ion E/tAieig^s* 

We will first deal with the radiation ffdUnge— those of 
carbon. The brightest less refrangible edge of the chief 
one is at wave-length 517, where it shotjSy outs off the 
tail end of the absorption of the magnesium fluting the 
darkest edge of which begins at 5 so, as the carbon 
from the interspace pales the absorption. The aonaa 
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thing happens at the more refrangible edge of the other 
absorp^on of Mg at 500, as Dundr^s figures show. 

Lc«s refrftngtbJc edge. More refrangible ehatp edge« 

! 5oa 496 in a HercuUs. 

50 f 496 in j; Persci. 

503 496 in R Leonis Min. 

505 496 in fi Pegasi. 

If this explanation of the rigidity of the less refrangible 
edge may be accepted, it is suggested that the rigidity of 
the end of band 8 at 496, near the nebula line 495, seems 
to indicate that we may have that line as the bright, less 
refrangible, boundary of another radiation fluting. 

The duting at 5 17 is the chief radiation fluting of carbon. 
The next more refrangible one, which would be most easily 
seen, as the continuous spectrum would be less bright in 
the blue, has \u less refrangible and brightest edge at 474. 

This in all probability has been seen by Duner, though, 
as before stated, there is here a discrepancy between his 
maps and his text. It lies between his dark bands 9 and 
10, the measurements of which are as follow : — 

Lefts refranjnble edge. Mon refrangible edge. 

Band 9 4 S 3 ... 476 in a OrionU. 

484 477 m $ Pegasi. 

Band 10 472 460 in a Ononis. 

474 ... .. 462 in a HercuUs. 

It is not necessaty for me to point out the extreme and 
special difficulty of observations and determinations of 
wave-len^hs in this part of the spectrum. Taking this 
ihto consideration, and bearing in mind that my observa^ 
Hons of the chemical elements have shown me no other 
bands or flutings in this region, 1 feel justified in looking 
upon the narrow bright space between bands 9 and 10 as 
an indication of another carbon fluting — the one we 
should expect to find associated with the one at 517, with 
its bright edge at 473 instead of 476, where Dundr*s 
measurements place it. There is a bright fluting in this 
position in Nova Orionis. 

1 shall refer to both these points later on. 

The third fluting, the carbon one with its brightest edge 
at 564, is certainly also present ,* though here the proof 
depends upon its masking effect, and upon the manner 
in which this effect ceases when the other flutings narrew 
and become faint. 

In addition to these three flutings Of carbon, which we 
shall distinguish in what follows as carbon A, there is 
sometimes a fourth more refrangible one beginning at 
wave-length 461, which is due to some other molecular 
form of carbon. It extends from wave-length 461 to 451, 
and, as we shall presently see, it is 3his which gives rise 
to the apparent absoimtion band No. 10 in the blue; 
this we snail distinguish as carbon B, 

It is very probable also that in some cases there is, in 
addition to carbon A and carbon B, the hydrocarbon 
fluting which begins at wave-length 431, the evidence of 
this Ming Dundr's apparent absorption band 11. It may 
be remarked here, that although most of the luminosity 
of this fluting is on the more refrangible side of 431, 
there is also a considerable amount on the less refrangible 
side. 

With regard to bands 9, lo, and n, then, there is little 
doubt that they are merely dark spaces between the 
bright blue flutings of carbon, and that whether they are 
seen or not depends upon the relative brightnesses of the 
carboiv flutings and the continuous spectrum from the 
incandescent meteorites. When the continuous spectrum 
Is fliint, it will not extend fkr into the blue, and the re- 
ai^Ag space between the bright carbon A fluting at 
474 and the end of the continuous spectrum is the ongin 
of the ^^iparent absorption band 9. When con- 
tinuous s^tnipi gets very bright, band 9 and 

does, disappear- On remrence to the maps Of rite 
spectra of the ^^stars ".with bright lines, it wiN be seen 
that the broad apparent absorption band in the blue 


agrees exactly in position with band^ and It undoubtedly 
has the same origin in boih cases. Iws band may there- 
fore be regard^ as the connecting link between the 
bodies belonging to Group 1 . and those belonging to the 
group under consideration. 

Band 10 is the dark space between the bright carbon 
A fluting at 474 and the carbon B at 461, and can oiily 
exist as long as the carbon flutings are brighter than the 
continuous spectrum. Dun^r’s mean values for the band 
are 461-473, and on comparing these with the wave- 
lengths of the carbon flutings (see Fig. 10, which will be 
given in the next instalment) it will be seen that the 
coincidence is almost perfect. 

There is a little uncertainty about band 11, which 
Dundr was only able to measure in one star, but it very 
probably has its origin in the dark space between the 
oright carbon B fluting and the hydrocarbon fluting at 
431 fsee Fig. 10). This would give a band somewhat 
broader and more refrangible than that shown in Dundr’s 
map ; but, as already pointed out, great accuracy in this 
part of the spectrum cannot be expected. 

C/tem$ca/ Sul>sfaffccs indicated by f/te Absorption Flutings 
and Bands, 

1 may state that 1 have now obtained evidence to show 
that the origin of the following absorption flutings is 
probably as under; — 

WAve-i*ngth of 
Wave-length of less refrangible 

No. of Fluting. Origin. dnrkeftt most re- tod, given by Dundr 

frangible edge. Aft measurad In 
q Orionis. 


2 

Fe ... 

... 616 

628 

3 

Mn (2) 

. . . !!5 

595 

4 

Mn (i)> 

564 

5 

Pb(i)^ 

-- 544 

550 

6 

Ba» ... 

- 5*4 

526 

7 

Mg 

... 5*1 

517 

8 

Mg ... 

... 500 

495 


These flutings are characteristic of the whole class, 
and Dundr’s catalogue consists chiefly of a statement of 
their presence or absence, or their varying intensities, in 
the different stars. 

He gives other bands and wide lines which he has 
measured specially in a Orionis. 1 have* also discovered 
the origin of the majority of these. They are as 
follows 

WAve-leagth. 

1. Fluting of Cr(i) 581 

H. ? S 70 -S 77 

HI. Fluting of Pb (2) 567 

IV. ? 543 

V. Line of Mn seen in bunacn ... 538-540 

VI. Band of Ba 534 "$^ 

f i. Fluting of Cr (2) 559^ 

2. „ M ( 3 )-. 536 

J 3. Line of Cr seen in bunsen 530 

Lines 4. Baband 514® 

5. 1 f 

6. > 1st, and, and 3rd Ba flutings ... -I 634 

l 7 ‘) 

Band i, which extends from wave-length 649-5 fo 663*8, 
has not yet been allocated. 

Tesh at our Disposal, 

In order to prove that my explanation of the nature of 
these celestial bodies is sufficient, a discussion of the 
individual observations of them, seeing that diflerences in 

* leen la q SeonittaiidaOHoaU* Ondas 
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ipftctra are knOM to exist, should show that all the 
4ii&reQce6 can be accounted for in the main by differ* 
ences in the amount of interspace ; that is to say, by a 
4i%tence between the relative areas of space and 
meteorite in a section of the swarm at right angles to the 
line of sight. I say in the main, because subsequent in* 
quiry may indicate that we should expect to find minor 
differences brought about by the beginnings of condensa* 
tion in large as opposed to small swarms, and also by the 
actual or apparent magnitudes of the swarms varying 
their brilliancy, thus enabling a more minute study to be 
made of the same stage of heat in one swarm than in 
another. 

How minor differences may arise will be at once seen 
when we consider the conditions of observation. 

The apparent point of light generally seen is on my 
view produced not by a mass of vapour of more or less 
regular outline and structure, but by a swarm of meteorites 
perhaps with more than one point of condensation. 

An equal amount of light received from the body may be 
produced by any stage, or number of nuclei, of condensa- 
tion ; and with any ‘differences of area between the more 
luminous centre and the outliers of the swarm. 

Alt these conditions producing light of very different 
qualities are integrated in the image on the slit of the 
spectroscope. 

I have said generally seen/' because it has been long 
known that many of the objects I am now discussing are 
variable, as well as red, and that at the minimum they 
are not always seen as sharp points of light ^ but have 
been described as hazy. 

The severe nature of the tests at our disposal will be 
recognized when we inquire what must follow from the 
variation of the spacing. Thus, as the spacing is 
reduced— 

I. The temperature must increase. 

a. Vapours produced at the lowest temperatures 
will be the first to appear. 

0 , The spectrum of each substance must vary with 
the quantity of vapour produced as the 
temperature increases, and the new absorp- 
tions produced must be the same and must 
fallow in the same order as those observed in 
laboratory experiments. 

II . The carbon spectrum must first get more intense 
and then diminish afterwards as the spaces, now smaller, 
arc occupied by vapours of other substances. 

o, The longest spectrum will be that produced by 
mean spacing. 

The masking of the dark bands by the bright 
ones must va^, and must be reduced as the 
mean spacing is reduced. 

HI. The continuous spectrum of the meteorites must 
increase. 

a. There will be a gradually-increasing dimming 
of the absorption-bands from this cause. 
fi. This dimm'utf will be entirely independent of 
the width of the band. 

IV. The spectrum must gradually get richer in absorp- 
tion-bands. 

«. Those DTbduced at the lowest temperatures will 
be rdattvely widest first 
Tltose produ^ at the highest temperatures will 
be relatively widest last 
y. They must ait finally thin. 

These necessary eohdflionii ^lem havii^ to be fulfilled, 
now proceed to discuss M« Duner's individual observa- 

TyiS?ii‘^ tVft In quowi by AieneD, 


tions. I shall show subsequently that there are, in all 
probability, other bodies besides those he has observed 
which really belong to this group. 

II. Discussion ok Dun^r^s Individual Cbservations. 

Consideration of ike Extreme Conditions of Spacing. 

Cceteris paribus^ when the interspaces are largest wc 
should have a preponderance of the radiation of carbon, 
so far as quantity goes. The bands will be wide and 
pale, the complete radiation will not yet be developed ; 
a minifiium of metallic absorption phenomena— that is, 
only the fiutings of magnesium (8 and 7), the first fluting 
of manganese (3), and the first fiuting of iron (2) ; but the 
great width of the bright band at 517 will mask band 8. 

When the interspaces are least, the radiation of 
carbon should give place to the absorption phenomena 
due to the presence of those metallic vapours produced 
at the highest temperature at w>hich a swarm can exist 
as such ; the bright fiutings of carbon should be dimin- 
ished. and the true absorption fiutings ofMg, Fe, Mn, Pb, 
and tne band of Ba, should be enhanced in intensity. 

There will be an inversion between the radiation and 
absorption. 

The highest intensity of the absorption phenomena will 
be indicated by the strengthening of the bands 2, 3, 4, 5. 
and 6 ; and the appearance of the other fiutings and 
bands specially recorded in a Orionis, The bands 7 and 
8 will disappear as they are special to a low temperature, 
and will give way to the absorption of manganese, iron, 

&c. 

This inversion, to deal with it in its broadest aspect 
should give us at the beginning 7 strong, and 2, 3 weak, 
and at the end 7 and 8 weak, and 2, 3 strong. 

The first stage, representing almost a cometic condition 
of the swarm before condensation has begun, has been 
observed in Nos. 3,^ 23, 24, 25, 36, 68, 72, 81, n8, 247, 
249. There is a very large number of similar instances 
to be found in the observations. The above are only 
given as examples. 

The last stage, before all the bands fade away entirely, 
has been observed in Nos. i, 2, 26, 32, 33, 38,40, 61, 64, 
69* 7 ** 75 * 77 , 82, 96, loi, 1 16. As before, these arc only 
given as instances. 

It is natural that these extreme points along the line of 
evolution represented in the b^ies under consider- 
ation should form, as 1 think they do, the two most 
contrasted distinctions recorded by Dundr — that is, re- 
corded in the greatest number of cases. 

Origin of the Discontinuous Spectrum. 

1 have already shown that when the meteorites are 
wide apart, though not at their widest, and tliere is no 
very marked condensation, the spectrum will extend 
farther into the blue, and therefore the fiutings in the blue 
will be quite bright ; in fact, under this condition the chief 
light in this part of the SMctrum, almost indeed the only 
light, will come from the bright carbon. Under this same 
condition the temperature of the meteorites will not be very 
high, there will therefore be little continuous sx>ectrum to 
be absorbed in the red and yellow. Hence we shall have 
discontinuity from one end of the spectrum to the other. 
This has also been recorded, and in fact it is the condi- 
tion which gives us almost the most beautiful examples of 
the class (196, a Herculis, 141, 172, 229). 

The defect of continuous ligbt in the blue in this class, 
after condensation has commenced and the carbon fiutings 
are beginning to disappear, arises from defect of radiation 
Of the meteorites, and hence in all fttlly-developed swarms 
the spectnim is not seen far into the blue for the reason 
that the round each meteorite are at a tempera- 
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tiire 5uch that fluting absorption mainly takes places 
although of course there must be some continuous ab- 
sorption in the blue. This is perhaps the most highly- 
developed normal spectrum-giving condition ; 44, 45, 55, 
60, 65, 86, 9a, 37B are examples. 

* , 

T/ic Paling of the Fiutings. 

Subsequently, the spectra are in all cases far from being 
discontinuous, and the flutings, instead of being black, 
are pale. Thus, while the bands are dark in the stars we 
have named, they are not so dark in a Ononis,. Here, 
in short, we have a great distinction between this star 
and « Herculis, o Ceti, R Lyrae, and p Persei. 

Obviously this arises from the fact that the average 
distances between the meteorites have been reduced ; 
their temperature being thereby increased as more col- 
lisions are pc^ssible, the vapours are nearly as brilliant- 
as the meteorites, and raefiation from the interspaces 
cloaks the evidences of absorption. Nor is this all : 
as the meteorites are nearer together, the area producing 
the bright flutings of the carbon is relatively reduced, and 
the bands 10 and 9 will fade for lack of contrast, while 8 
and 7 will fade owing to the increased temperature of the 
system generally carrying the magnesium absorption into 
the line stage ; d is now predominant (see 102, 157, 163, 
H4, 125, 135). 

Under these conditions the outer absorbing metallic 
atmosphere round each meteorite will in all probability 
.consist of Mn and Fe vapours, and in this position the 
masking effect will least apply to them. This is so 
(114, 116); they remain dark, while the others are pale. 

Here we have the indication of one of the penultimate 
stages already referred to. 

Pkenanuna of Condensation. 

Dealing specially with the question of condensation, -- 
I have already referred to possibly the first condition of 
all, recorded by Dundr in the observations now discussed 
— I may say that the first real and obvious approach to it 
perhaps is observed when alt, or nearly ail, except 9 and 
10 of the flutings are wide and dark. The reasons will be 
obvious from what has been previously stated. Still 
more condensation will give all, or nearly all, the bands 
wide and pale, while the final stage of condensation of 
the swarm will be reached when all the bands fade and 
give place to lines. We have then reached Class 11 . (toy, 
139, 264) ; 2 and 3 should be and are perhaps the 

last to go (203), 

T/te Bands 9 and 10. 

WKh regird specially to the bands 9 and 10, which 
include between them a bright space which I contend is the 
second fluting of carbon, 1 may add that if this view is 
sound, the absence of to should mean a broad carbon 
band, and this is the condition of non-condensation, 
though not the initial condition. The red flutings should 
therefore be well marked— whether broad or not does not 
matter ; but they should be dark and not ^a/e. Similarly 
the absence of band 9 means non-condensation. 

Therefore 9 and 10 should vary together, and as a 
matter of fact we find that their complete absence from 
the spectrum, while the metallic absorption 15 srrong, is a 
very common condition (i, 2, 6, 16, 26, 32, 39, 40, 46, 
54, 60). 

That this explanation is probably the true one is shown 
by further consideration of what should happen to the 
red flutings when 9 and 10 are present. As the strong 
red flutings indicate condensation, according to my view 
this condensation (see ante) should pale the other 
flutings. This happens (3, 8, 13, 28, 35, 45, 30 ; and last, 
not least, among the examples, 1 give 50, a Orionis). 


HI. Results OF THE Dt$cu 3 SioN. 

TAe Line of Evolution, 

1 have gone over all the individual obiervattons 
recorded by Dundr, and, dealing with them all to the 
best of my ability m the light afforded by thd alloea- 
tion of the bands to the various chemical substances, 
the history of the swarms he has observed seems to be 
as follows : — 

(1) The swarm has arrived at the stage at which, owing 
to die gradual nearing of the meteorites, the hydrogen 
lines, which appeared at first in consequence of the great 
tenuity of the gases in the interspaces, give way to carbon. 
At first the fluting at 473 appears (as in many bright-line 
stars), and afterwards the one at 517. This is very 
nearly, but, as 1 shall show subsequently, not quite, the real 
beginning of Class lll.rt, and the radiation is now accom- 

anied by the fluting absorption of Mg, Fe, and Mn — 
ands 7, 2, 3. This is the absorption produced at the 
temperature" of the oxy-coal gas flame, while the Stars 
above referred to give us the bright line of Mn seen at 
the temperature of thebunsen. 

(2) The bright band of carbon at 517 narrows and un- 
veils the Mg absorption at band 8. We have 8 now as 
well as 7 (both representing Mg), added to the bands 2 
and 3, representing Fe and Mn, and these latter now 
intensify. 

(3) The spacing gets smaller ; the carbon, though re- 
duced in relative quantity, gets more intense. The second 
band at 473 in the blue gets brighter as well as 
the one at 517. We have now bands 9 and 10 
added. This reduced spacing increases the number of 
collisions, so that Pb and Ha are added to Mg, Fe, and 
Mn. We have the bands 2, 3, 4, 5, f>, 7, 8, 9, and 10. 
This is the condition which gives, so to speak, the normal 
spcctium 

(4) This increased action will give us a bright atmo- 
sphere round each meteorite, only the light of the 
meteorite in the line of sight will be absorbed : we shall 
now have much continuous spectrum from the int^spaces 
as well as the vapour of carbon. The absorption flutings 
win pali\ and the Mg flutings will disappear on account 
of the higher temperature, while new ones will make their 
appearance. 

(5) Greater nearness still wifi be followed bv the 
further dimming of the bright carbon flutings including 
the one at 517. The blue cud of the spectrum will 
shorten as the bands fade, narrow, and increase in 
number. If the star be bright, it will now put on the 
appearance of a Orionis ; if dim, only the flutings of 
Fe nd Mn(i), bands 2 and 3, will remain prominent, 

(6) All the flutings and bands gradually thin, fade, and 
disappear. A star of the third group is the result. 

in the latter higher- temperature stages we must 
expect hydrogen to be present, but it need not necessarily 
be visible, as the brignt lines from the interspaces tn^y 
cancel or mask the absorption in the line of sight of the 
light of the meteorites ; but in case of any violent action, 
such as that produced by another swarm moving with 
great velocity, we must expect to see them bright, and 
they are shown bright in a magnificent photograph of 
o Ceti, taken for the Draper Memorial, which 1 owe to 
the kindness of Prof. Pickering. 1 shall return to 
question. 

Stages antecedent to those recorded by Dufidr, 

So far I have referred to the swanjiis observed by 
Dundr. The result of the discussion has been to show 
that all the phenomena are included in the hypothesis 
that the final stages we have considered are anteoedent 
to the formation of surs of Group Ut, bodies which give 
an almost exclusively line absorption, though these bodies 
are probably not yet Stars, if we use the tern etat to 
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oxpre«s complete volatilization, similar to that observed in 
the case of oar sun. 

The question then arises, Are all the mixed fluting 
stages really included among the objects already con- 
sidered } 

It will be remembered that in my former communica- 
tion 1 adduced evidence to the effect that the mixed 
fluting stage was preceded by others in which the swarms 
were still more dispersed, and at a lower temperature. 
The first condition gives us bright hydro^’cn ; the last 
little continuous spectrum to be absorbed, so that the 
spectrum is one with more bright lines than indications of 
ausorption ; and, in fact, the chief difference between the 
spectra of these swanns and of those still sparser ones 
which we call nebulae lies in the fact that there are a few 
more bright metallic lines or remnants of flutings ; those 
of magnesium, in the one case, being replaced by others 
of manganese and iron. 

If my view be correct— if there are stages preceding 
those recorded by Dundr in which wc get both dark and 
bright flutings — it is among bodies with spectra very 
similar to these that they should be found. 

The first stage exhibited in the objects observed by 
Dundr is marked by flutings 7, 3, and 2 (omitting the less 
refrangible one not yet allocated), representing the flutings 
Mg, Mn, and Fe visible at the lowest temperatures. 

The stars which 1 look upon as representing a prior 
stage should have recorded in their spectra the flutings 
7 and 3 (without 2), representing Mg and Mn. 

(To continued) 


THREE DAYS ON THE SUMMIT OF 
MONT BLANC 

A lpine men are already beginning to think of the 
work of the coming season. We commend to their 
attention the following notes relating to the experiences 
of M. Richard, who spent three days during the past 
summer on the summit of Mont Blanc, with a view to 
making a series of continuous meteorological and other 
olsservations. There arc many Alpine men who might, 
if they pleased, follow his example without much incon- 
venience to themselves and with considerable advantage 
to science. The following is a summary of the record 
which M. Richard has contributed to La Nature .* — 

The summit of Mont Blanc is a station of the utmost 
importance to meteorology, since it rises to a great 
height (^10 metres), and overtops the whole Alpine 
group. But it had not hitherto been considered possible 
to remain there for any length of time. De Saussure, 
whose statue is erected at Chamounix, passed some days 
in i7iS,,on the G^ant hill, at the height of 3510 metres. 
In 1844. Martin'f, Bt-avais, and Le Filcur, pitched their 
tent at the Grand-Plateau, 4000 metres high, nnd here 
they passed several days, and made numerous and im- 
portant observations. Hitherto no explorer had remained 
on the summit of the mountain itself for any length of 
toe i tourists making but a very short stay— usually only 
a few minutes From these facts we can sec the import- 
ance of the scientific expedition carried out in the 
sufmner of 1867, with great success, by M. Joseph Vallot, 
onv of the most darirtjg and able members of the Alpine 
Qub* Having made, in 1866, a series of physiological 
ob^rvations, during the ascent of some of the highest 
peuks of the Alps, he determined to establish on Mont 
Bbmc three temporary meteorological observatories, the 
first at Chamounix, lojo metres high, the second on the 
rocks of the Grande-Muleis^ 3059 metres high, and the 
third cm the summit of Mont Blanc. He constructed 
motofolt^ical sheds, and furnished each of them with 
motoring instruments constructed by MM. Richard 
Bwto#— a barometer, a themometer, and a hygrometer, 
Tl^ Jhatruments placed at Chamounix and the Grand 1- 


Mulcts were inspected every week, but those at tire 
summit could not be reached for fifteen days, on 
account of bad weather. To superintend the lower 
stations he procured the assistance of M. Henri 
Vallot, a distinguished engineer, on whose competence 
and carefulness be could rely. At Chamounix, M. 
Joseph Vai lot’s plan was considered impracticable. 
He executed it, liOAve^’cr, in company with M. F. M. 
Richard, one of the makers of the registers. No less 
than tw'eniy-four guides were necessary, on account of 
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the great weight of the baggage (250 kilogrammes). At 
midday, July 27, 1887, they began the ascent to the 
Grands-Muiets. On account of the late start, the party, 
overtaken by night, arrived at the Grands* Mulets at 10 
o’clock, Getting to bed at 1 1 o’clock, the travellers set 
out again the next morning at 3, after a light meal. 

M. Richard then proceeds to tell the story of the jour- 
ney and of the time spent on the top of Mont Blanc. 
The ascent from the Grands* Mulcts is difiicuit, but not 
very dangerous when the snow is good. Crevasses have 
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to be crossed by ladders, and very steep banks of snow 
must be struggled through. They arrived at the Grand- 
Plateau at 7 o'clock, anoL stopped there for refreshment 
and repose. At the Tournette rock, one of the bearers 
was forced to stop from fatigue, and to give his load 
to one of the more robust, and about 3 aclock in the 
afternoon they arrived at the summit. All the ^ides 
but two deposited their burdens on the snow, and imme- 
diately took their d^arture. When ascending the last 
hill, MM. Vallot and Ki-.:hard were attacked by mountain- 
sickness, and for some hours did not recover. M. Richard 
compares the shape of the mountain-top to a pear cut in 
two and resting on a plate, the stalk of the fruit well 
reprd^nting the narrow ridge by which one ascends. 
Between this ridge and the dome, which ineasures scarcely 
more than 20 metres in diameter, is a small indentation, 
in which they fixed their tent. Having driven the stakes 
into the snow, they secured the tent by a long rope. None 
of them had at that time the strength or courage to 


arrange the baggage. They were conmUed to take 
shelter from the wind, and having refreshed t^enisely^d 
with a little soup, made with melted snow and pi;eiierv^ 
bouillon, they stretched themselves on the ground, with 
their heads on the boxes of instruments and the cookii^ 
utensils. 

Overcome by his efforts in erecting the tent, M. Richard 
fell asleep ; but during part of the night M. VaUbt made 
gallant efforts to hx his instruments, but he was at length 
compelled by the snow to return* After some hburs of 
sleep, the cold woke M. Richard, and, fearing the effectsof 
the carbonic acid gas engendered by the breathing of four 
persons, with the consent of the others he allowed some 
air to enter, and, lighting a lantern, placed it on 
ground, believing it would be extinguished before theib 
would be any danger of suffocation. However, the wind 
which raged outside kept the tent well ventilated, and 
froze them to the marrow. About 4 o’clock they all went 
out of the tent and watched the sun rise— a sight which, 
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M. Richard says, was worth all the pains and fatigues 
they had endured. The thermometer, when placed on 
the snow, stood at 19*’ C below zero. The sun rose, and it 
was a most marvellous sight. As the day-star shone out, 
rosy clouds enveloped the snow-clad tops of the surround- 
ing mountains ; little by little, the shadows in which the 
rocky peaks emerging from the snow were clothed dis- 
appeared, leaving the peaks covered with the richest 
tints. The clouds below sometimes appeared like a rough 
sea, with its waves dashing against a rocky shore, and 
sometimes like a thick veil thrown over valleys by the 
night. Then these clouds dissolved Into air under the 
innuence of the sun's rays, seeming to disappear as if by 
magic, leaving no other trace of their existence than a 
light mist clinging to the sides of the mountains. 

They nowb^n to put their instruments into poaitiom 
The large actinometer, made by M. VioUe, was placed bn 
a small table ; and the others-^e actinometers of Arago 


and M. Violle, the thermometers, and the Fontin barometer 
—being fixed (Fig. 2), M. Vallot at once commenced his 
observations. Then they made their tent more comfort- 
able with a floor of double-tarred cloth, and, above this, a 
mattress, hard, no doubt, but to them a vety welcome 
addition. The tent was 4 metres square, and i '50 metre 
high. The health of the party was not very good ; M. 
Richard and one of the guides suffered from severe hei^- 
aches, with feverish symptoms. The least effort, even 
ordinary movement, caused such fatigue that they were 
compelled to lie down durii^ a great part of the day. 
They had a visitor the first day, in the p^son of Baroh 
Munch, coming ftom Courmnyeur, in Italy, into Chamou^ 
nix, who was athated to find sojourners on the 
Mont Blanc. The second night was not so trying eg tii^ 
first ; they had pitlows. which were softer than m 
and pans> and they thus had a most i^shsiig aim. 
The tent was very ^cturesqn& M. Vallot had brought 
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ior tbf party j^ita-percha snow-boots, which they put on 
ovor fu-lined boots. Thanks to this precaution their 
fabt wsre kept free from frost-bite. Their leather shoes 
otno use ; thev had been dried in the sun and hung 
dii a Btrng stretchea aloft across the tent. On this string at 
night were also hutig the glasses which are always ncces- 
tnotict theeyes from ophthalmia in those regions. 

Vallot had also brought coverings for the ears and 
Bedi^ and linen masks to preserve the skin of the face. 
Equipped in this manner the aspect of the travellers was 
conousand even terrifying (Ftg. 4). The tent with the 
various articles hung up, with the boxes of provisions, 
the blazing stove, and the boiling soup, had a most pictur- 
etoM appearance (Fig. 3). 

T^e sec^d day was spent in making observations. 
The provisions were almost neglected ; they never had 
an appetite during their stay. The different preserved 
meats, though very tempting, did not entice their 
benumbed stomachs, and twice each day they took 


nothing but a little preserved bouillon, in which a small 
piece of cheese had been broken. Their drink was warm 
coffee ; on the first day tea had made them ill, and they 
never could take it again during their three days' sojourn : 
the guides, however, drank a little of it. 

On July 30, the observations began at sunrise. Towards 
10 o'clock the little colony received a second visitor, an 
Englishman, who, on bis departure, wished to take away 
with him some letters dated from the top of Mont Blanc. 
A yellow-beaked crow settled herself time after time near 
the observers. The guides declared that her presence 
was a sign of good weather ; but it did not prove so. 
Towards* 2 o'clock enormous clouds began to forn> on 
the side of Mont Pelvoux ; then their colour changed ; 
the gloom turned to darkness ; and while the weather 
remained fine over Chamounix, the valley of Aosta and 
the Savoy Alps were soon hidden by a terrible thunder- 
storm. A furious wind drove the observers into the tent. 
It was 4 o’clock, and they had almost made up their 
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minds to descend, but as there was not time to put all 
their instruments in safety, they decided to remain and 
weather the storm. They held the ropes of the tent, and 
piled snow all around it to keep it steady. Towards 9 
o'clock, M. Vallot havinf gone out, found himself sur- 
rounded by electrical clouds, which played around his 
ckmea ana his head, but he escaped any actual shock. 
Dudn; the hours that they thus anxiously passed in ihc 
lent they were compelled to close the last opening to pre- 
vent the snow from geUing in. But the time was not 
l^bent u^ithout profit. M. Vallot made some physiological 
mkgrams^ The beatings of the pulse, of the carotid, dec., 
Hrere to have so much the more interest because they 
whuld differ firom those which would be obtained when 
mt ^ obtHt stay is made, tho travellers now having been 
twofdays kt the summit. These observations made them 
st tMt twabfes- Art huit, about 2 o’clock in the 
hing, the teihpest passed away, and, althou^^ the 


wind continued to blow violently, they got a refreshing 
sleep. 

They decided on the following day, July 31, to continue 
their observations till 9 o'clock, then to bring every- 
thing into the tent, and to redescend to Chamounix. The 
guide Payet was suffering from a violent head- ache, with 
a high fever, and was compelled to keep his bed, but 
about II o'clock he bravely offered to descend at once, 
and even desired to carry his knapsack. M. Vallot had 
not given orders for help to be sent to take their 
baggage away j they therefore left the greater portion be- 
hind them in the tent j still there were many things that 
could not be left. These were divided into bundles, and, 
with a last glance at the ma^ificent view, they began 
the descent The guide Michd had warned them mat 
this would be very difficult, since last night's storm 
would have obliterated all traces of the usual paths. And 
so it was found to be. After the Grand-Plateau, the 
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jouraey was most dangerous. At this height it bad 
rained, and the snow had become so soft that they often 
sank to the waist in it. in the rapid slopes, where they 
were forced to descend zigzag, the snow slipped from 
under their feet, but, after inucli care and fatigue, they 
anrived at the Grands-Mulels. A good meal, a denser 
air, and a AiiWer temperature, soon restored them to their 
usual health. Towards 7 o’clock they came to Cha- 
mounbe, where they received an enthusiastic welcome. 

It had thus been proved that it was quite possible to 
live and make observations at those high altitudes. The 
greatest danger is in the violent storms that burst almost 
without notice, and which may become terribly tempests 
against which any temporary observatory would not 
stand. M. Richard says that the results of the observa- 
tions will be published when the papers have been 
inspected and classiRcd. 


THE PHOTOGRAPHIC CHART OF THE 
HE A HENS. 

VVT R reprint from the Odscf^^atory for May the 
^ ^ following article by the editors : — 

The “ Bureau du Comit 6 international permanent pour 
Texdcution photographique de la Carte du Ciel ” has 
published, amongst other more technical papers relating 
to this subject, one by Dr. Gill, of a very remarkable 
character, to which we wish to draw attention. Most of 
those who attended the Conference understood that the 
work in contemplation was to make a photographic chart 
• of the heavens, to take pictures of the stars oy photo- 
graphy, showing, with the greatest care, the appearance 
of tnc heavens as they arc at the present time, in order 
that at a future turn these pictures might be used, by 
comparison with other pictures taken under similar con- 
ditions or directfy with the sky, to determine the many 
questions tha* couki be dtealt with in this way— to enable, 
in fact, the astronomer of the future to have the sky of 
his past and bis fnesent to deal with. That this was so 
will be seen from a consideration of the three following 
resolutiotts which were agreed to unanimously by the 

“l. The progress made in astronomical photography 
demands that the astronomers of the present day should 
unite in tmdcrtakmg a description of the heavens by 
photographic means. 

“ a* Th» work sbovild be carried out at selected stations, 
and with instruments which should be identical in thetr 
essential parts. 

The principal objects are («) to prepare a general 
photographic chart of the heavens for the present epoch, 
and to obtain data .which will enable us to ^termine with 
the greatest possible accuraOy the positions and the bright 
ness of aU the stars down to a given magnitude (the 
magnitude being understood in a photographic sense to 
be defined) ; O; to provide for the I>ebt means of utilizing 
both at the present day and in the future the results of the 
data obtained by photographic means/' 

These were the fundamental resolutions ; others, 
recommended by the two sections into which the Con- 
ference divided, were adopted as explanatory of the first. I 
Amongst these was one In which it was decided to take I 
I* a second series of plates down to the 1 tch magnitude, 
in order to insure greater prectekm in the micrometric 
measurement of the rcference*stai*s, and render possible 
the construction of a catalogue.^' We have stated these 1 
fundamental resolutions at length as bearing on the 
ouestion of a catalogue of stars, for the paper by Dr. I 
Gill contains the astounding proposition of cataloguing 
no less than 2,000,000 stars ; that is to say, Dr. Gin 
gravely and seriously proposes the establishment of a 
Cratra! Bureau, consisting of chief, assistants^ secret- 
aries, and a staff of measurers and computers, to lake 
the photographs and measure them, and make a catalogue, 



the work to go on for twenty-five years at a cost Of 
250,000 francs, or per annnni, or hr fifir yeUM 

at 1 50,000 francs. 

It is quite true that tlria is only a propositbh tkkt 
Dr. Gill makes ; but if such a proposition is possible In 
face of these direct resolutions of the Conference, H is 
quite time tltat everyone interested in the success of the 
work the Conference met to consider (that is, the photo^ 
graphic chart of the heavens) should bestir himself and 
see that the proposed work is not endangered by such 
astounding proposals. 

To tack on to a work such as that sanctioned by the 
Conference — a work eminently practical, that has the 
support of all astronomers, and that has already been 
taken up by many of the (iovernmenis who were expected 
to join— a gigantic work such as Dr. Gill proposes, a work 
beside which that juoposed by the Conference sinks into 
insignificance, would neither be fair to the Conference 
nor just to those (iovernments who have joined in the 
undertaking. The feature of the international scheme 
that makes it possible to obtain the assent of Government 
is that the work is proved to be practicable by experiment, 
and that it can be done at a moderate cost in something 
like five years, while ilie results are good for as long as the 
plates will last. To increase this work by extending it to, 
at the lowest computation of time, twenty-five and possibly 
fifty years, and to add enormously to the cost, would be to 
jeojwrdize the whole scheme. 

Dr. Gill .states that the actual state of astronomical 
science demands a catalogue of stars to the nth magni- 
tude. He thus raises the question on its merits ; and we 
would here state that it is more than possible that not 
only is there no need of such a catalogue, but tliat the use 
of such catalogues as he proposes has for ever ceased. 
The minds of some astronomers move in grooves, and it 
will, no doubt, never be conceded by them that catalogues 
can be superseded ; they will die as they have lived, in 
the strong belief that the only way to use the stars is to 
catalogue them. 

Till recently the knowledge we had of the stars was 
only to be gained from a written description of their 
brightness and position with regard to each other ; hence 
the catalogue was an absolute necessity if we needed to 
know the number or brightness Certain stars in any 
part of the sky at any previous thme ; and we could only 
find this out if we had a catalogue of (hat time Our 
catalogues of stars arc aU we have to show what has been 
observed up to the present time ; bet when we have a 
photographic chart ot the heaven^ we have hr our record 
not a catalogue, but a representation. That eatalog:ue i of 
staxs such as are used for fondaniental places will be 
always goes without saying; the pbobigraphkplates 
tliemseJves, and the four or five stars on each required as 
the fiducial points atwl for identification, will of course be 
catalogued ; but, beyond this, to c ualogue the stars on 
each plate, to measure them for the purpose only of getting 
their places written down, would be the most utter waste 
of time, labour, and money that it could enter the miiid 
of man to conceive. 

The profp^ition brought forward by Dr. Gill should be 
settled decisively so far as the proposition concerns the 
work proposed by the Conference, There can be no^ 
question that such a thing was never intended ; had suda 
a thing been thought of, we should have had a Conferanci^ 
for discussing the best way of making a Catalogue of 
Stars by pliotography.” 

As this was not done, it can be done now ; and if thW 
is the great need of a catalogue of Stars ter the 
magnitude felt by so many astronomers, as stated by 
pr. Gill, it is a thing of so mu:h greatetr impottawcU at 
far as cost and time are concerned, that it ^outd to 
considered and dealt with entirely a^rt itm the 
work. A nw Congress might discuss H) the onet^kili 
met ip 1S87 IS not in any way committed to such a 
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T//E FORTH BRIDGE. 

W £ have bean enabled, through the kindness of Mr. 

Baker, to reproduce one of the photographs of 
the Forth Bridge, showing what is known as the 
junction” at the end of bay i, between tie j, strut 2, 
and the bottom member* 

A general account of the F'orth Bridge has been so 


recently placed before the readers of Nature (vol. xxxvi. 
p. 79), in the lecture by Mr. Baker, on May 20, 1887, 
before the Royal Institution^ that it is unnecessary to 
cover the same ground again. The progress made in 
erection since that date is indicated by our engraving, 
showing the successful completion of the lower portion ^ 
the first bay. 

The junction we have illustrated is nothing more nor 



l^s that) the connection of the web of a lattice girder 
with one of its bopma, but here the junction alone weighs 
as much as an ordinary iron railway bridge of loo feet 
span. This mas® of steel work is suspended 80 feet above 
bigh water* and projecu i3o feet beyond the masonry 
piers^ Considerable nwces are sometimes needed to bring 
the Ikbes hUo their correct positkm ; and as in the case of 
the Sriteninia Bridge, which on a hot day moves 3 inches 


horUontally and 2J inches vertically between sunrise and 
sunset, so l)ere considerable movement takes place during 
the day, and by carefiil watching the great tubes can 
sometimes be caught and retained in proper position, 
without the intervention of hydraulic or other power. 

The weight of steel employed in the Junction now 
under consideration is about 90 tons. The attachments to 
the strut ana tie am made by means of strong gusset 
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plates, the bottom member itself being strengthened 
internally at the junction by suitable diaphragms 

The importance of this junction will be readily under- 
stood, when it is stated that a load of some 6000 tons— 
the weight of an American liner — will be transmitted 
through it,^ ii) the finished structure, on its way to the 
masonry pier. Some 16,000 rivets are required for the 
junction ; and large as this number may appear, it bears 
but a small ratio to the eight million rivets used in 
the whole structure. The method of construction of the 
junction was that uniformly adopted in dealing with these 
members. The junction was erected on the drill roads 
attached to the workshops at South QueenSferry, all 
holes drilled by specially designed plant ; and, having 
been marked for re-erection, it was taken down and trans- 
ported plate by plate, and finally hoisted into position 
in the finished structure from a steam barge, by a crane 
working from the internal viaduct. 

The tie was built downwards from the top of the 
vertical column ; the timber cage— shown in our Illustra- 
tion —in which the men worked being attached to and 
following it as length by length was added. To design 
and build a structure of steel to bear a load of some 
6000 tons is no mean task in itself, but what shall we 
say of the whole undertaking, when this junction alone 
contains but one five-hundredth of the material required 
for the completed Forth Bridge ? 


FLORA Oh THE ANTARCTIC ISLANDS. 

M r. W. B. HEMSLEY, who elaborated at Kew 
the collections made during the ChalUnger 
expedition illustrative of the floras of oceanic islands, 
has handed to me the following interesting letter from 
Dr. Guppy. The materials and notes accumulated by 
this skilful observer during his travels in the Western 
Pacific threw a good deal of light on the mode in which 
oceanic islands were stocked with plants, and Mr. 
Hemsley was able to make an advantageous use of them 
in discussing the collections made in the same region by 
Prof. Moseley. 

I myself am very much impressed with the probable 
truth of the views expressed by Dr. Guppy. It would 
be very desirable to obtain additional observations which 
would serve to test their accuracy. ‘ It is with this object 
that I have obuined Dr. Guppy's permission to com- 
municate his letter 10 Nature. 

W. T. Thiselton Dver, 
Royal Gardens, Kew, April 28. 

17 Woodlane^ Fahnouth^ ApHl%^ 1888. 

As I am likely to be proceeding soon to the South Seas, I 
have been re-petusing your volume of the Botany of the 
ChalUnger^'^ more especially the remarks concerning the dispersal 
of plants, which I hope to take the opportunity of following up 
in a more systematic way than before. 

I was thinking that if you thought it worth while you might 
direct the attention of masters of ships going round the Horn 
and the Cape of Good Hope to the chance of finding seeds in 
the crops of the oceanic birds that follow the shtM m the 
regions of the westerly winds. 1 am inclined to bdieve that 
important results would be obtained. Judging from my 
experience, about one bird in twenty-five would contain a send in 
its crop. 

1 am still inclined, if you will pardon my sayttip so, to the 
belief that the agency of birds like the Cape pigeofis may 
explain some of the difficulties in the floras of the isiaods ib the 
Southern Ocean. To return to the instance of my eeed, 1 bgve 
since found an account where a Cape pigeon, aro<ind the neek 
of which a ribbon had been tied, follow^ a ifliip on Us way 
home from Australia for no less than 5000 miles (Coppinge/s 
'* Cruise of the Alert*' 1885, p. iS) ; and on consulUng other 
voyages 1 find that the Cape pigeon appears to perform the 
circuit of the globe in the r^ion of the Westerlies, to that my 
seed might readily have been transferred from Tristan d^Acuntui 
to Amsterdam}. 


A remarkable point has occurred to me wHilft reading yottf 
remarks (doubtless you have already thought of it). In a 
botanical sense, and also in a geographical sense, the 
Islands seem to be arranged Tn two parallel xoneo. Tnot^ 
d'Acunha, Amsterdam, and St. Paul's, lying between tb^ parallels 
of 37’ 1040^ S. lot., have similar floras. Further aottth is Ibe 
second zone, between 47” and <5” (riVro), in which the land 
and islands (Fueda, Crozels, Kerguelen, Bdoequarie, fte.) are 
characterized by their common floras. Now, how are these two 
parallel botanical zones to be explained ? It seems to me that 
if you grant that the northern zone may largely derive its 
common characters by the agency of birds following the 
westerly winds, such as I believe to have been the case, you 
are almost forced to the conclusi m that the floras of Fuegla, 
Kerguelen, Macquarie Island, &c., in the southern zone have 
obtained their common characters in the same way. Of course 
the distinefiveness between the floras of the two parallel zones 
would then be explained by the difference in the climatic con- 
ditions arising from difference in latitude. For my own part I 
do not think the hypothesis of a sunken southern tract (or tracts) 
of land to be supported by geological evidence. Is not the 
geological character of the remote oceanic islands strongly 
negative of the idea that they are portions of ancient submerged 
tracts? Can Kerguelen, Amsterdam, &c., be in any aenae 
continental islands as regards their rocks? AAfith reference 
to New Zealand, if geologists are right in regarding it as lying 
along the same volcitiic line that extend •( south warn through the 
Western Pacific from New Guinea, then it is probable tlit the 
vast post-Tertiary upheaval of the island groups (Solomon Islands, 
New Hebrides, &c.) which T have shown to have taken place 
along this line of volcanic activity in the Western Pacific, has 
been represented in New Zealand by elevation rather than de- 
pression, I believe that subsequent investigation will confirm 
my belief that the great island groups of the Western Pacific, with 
New Caledonia and New Zealand, have been always insular. 
This U, 1 think, the great lesson I learned in the Solomon 
Islands. H. B. GUPPY. 


LORD HARTINGTON ON TECHNICAL 
EDUCA TION 

T he Marquis of Hartington wa^ the chief guest at the 
anniversary banquet of the Institution of MechaniciU 
Engineers held on Friday, May 4^ at the. Criterion 
Restaurant. Mr. Edward H. Car butt, President of the 
Institution, occupied the chair. In responding to the 
toast of “ Our Gueit/' proposed by the Chainoan, Lord 
Hartington, after speaking of the part whidi the me- 
chanic^ engineering profession of this country takes in 
the maintenance and the extension of our material and 
industrial supremacy in the world, refefted to the vast 
importance of technical education. He had never pro- 
fessed to be an authority on the subject of technical 
education— he was no authority on that subject [ all be 
could do in the position he held was to endeavour to 
arouse such interest as he could in that subject, to enlist 
in the minds of the ordinary public — the unscientific 
public of whom he formed a part— an interest in this 
question, and to listen to the advice and attend to the 
counsel which, were given to the public by those who were 
authorities on the subject, and to whose advice he held 
it was most important that attention should be paid- He 
bad been greatly struck by the fact that in emy couptiy 
in Europe which competed with us in industrial or Com- 
mercial pursuits greater attention had recently been peld 
to giving a practical direction to the national educetloa 
than had hitherto been considered necessary in EngUad^ 
We had; like other countries— perhaps somewhat in arrear 
of them— established a national and toletaMy complete 
instimetionj but they, earlier than w«, had emtoabid 
the idea of making that national instruction not on^ ’e 
literary instruction, but a technical and commerciid eiti*. 
cation. But he could not help thinking that iii tMt 
resppet they had gained some considmhie 
wer ourselves. He did not think there w^s any wmimi 
for us to take a desponding or a wrtr OJf #0 
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Sfliiatieih* had great confidence in the energy, the 
8 kH 4 and the inteifi^ence of our people. But he believed 
there i^ere facts which it would be madness on our part 
to ignore* If a new process, a new invention, were dis> 
covered in any other country — if a new process of manu- 
facture were discovered greatly superior to that which was 
in existence among ourselves— we should at once admit 
that it was necessary for us either to improve that 
invention or che to resign ourselves to being defeated 
in the competition for the production of that article. 
But if it were true, as he believed it was, that the system 
of national education in other countries was being devoted 
to purposes which made the manual labour of the working 
population more intelligent, more skilled, and therefore 
more valuable, that was a fact which was Just as important 
and which had consequences of exactly the same character 
as if foreign nations were to discover an invention wdiich 
was not available for our own use. These facts had been 
investigated by a Royal Commission, and by a great num- 
ber of private individuals for their own purposes ; and there 
was no sort of doubt that foreign countries had not only 
attempted to give, but had to a very considerable extent 
succeeded in giving, a more practical turn to the education 
of their people in all branches of industry and commerce 
where science and art could be usefully and successfully 
applied. If it were the fact that we had fallen behind 
in this branch of the instruction of our people^ it appeared 
to him that it would be worse than idle, it would be 
criminal, on our part if we were for a moment to ignore 
the conseauences of those facts, and the consequences 
which might result not only to our temporary commercial 
and manufacturing position in the world, but to the 
future industrial position of England. He was sure there 
were none to whose advice great employers and leaders 
of industry in this country would more cheerfully and 
more willing listen, none who exercised a greater influence 
over the public mind of this country, than those w'hom 
he bad the honour of addressing ; and it was a great 
satisfaction to him to be assured by the words that had 
fallen from their Chairman that they were giving their 
earnest and anxious attention lo the subject of technical 
education. 


NOTES. 

A RoVAr CoMMJSSH)N has been appointed to inquire 
“whether any and what kind of new University or powers is 
or are required for the advancement of higher education in 
London The Commissioners are Lord Sel borne, Chairman ; 
Sir Jfames Hannen, Sir William Thomson, I)r. J. T. Ball, Mr. 
G. C, Brodrick, the Re/. J. E. C. Welldon, and Prof, Stokes, 
r.R.S. Mr, J. L, Go.idan .1 is appointed Secretary to the 
CommUsion, 

Much troubli* was taken to secure the success of the annual 
of the Royal Society held Iasi night. We shall 
give womt occottot of it next week. 

Thx Emperor Ft'cderick has marked the opening of his reign 
by codferHi^ personal honours on some eminent (Jermans. Dr. 
Wemer Siemens, the electric an, is one of those who have been 
tunobledor dignified with the prefix “Von.^’ 

Tux t>oader» Memorial Fund, to which we called attention 
MUkift Utne ago, now amounts to abottt £2000, of which /250 
has. twhi^bed in England* Prof. Djntlirs' seventieth 

birthday faUi on Sunday, the aytSi tnst. ; bul it has been decided 
thM l^,q^ebrAtioh m hU honour shall lake place on tiie follow- 
ing day^ The atibacsiptioalkt, so far as this country is conceraed» 
wiB b«>alai0d on thi 14th lust* 

At genaial meeting of the Royal InstUution, 

dn lir. I^^ndaH was elected Honorary Professor, 

^Mitissor, of NauiWil Philosophy. 
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A PRELIMINARY meeting, called hj invitation of the Councils 
of the Yorkshire Philosophical Society, to consider ihe desira- 
bility of forming a Museum Association, was held in York on 
May 3. Among the Museums represented at the meeting were 
those of Liverpool, Manchester, York, Sheffield, Notting- 
ham, Bolton, Bradford, Sunderland, and Warrington. It was 
unanimously decided that a Museum Association should be 
formed, and that it should consist of curators or those engaged 
in the active work of Museums, and also of representatives of 
the Committees or Councils of Management of Museums. 'I'he 
Association will consider ( 1 } whether it may not be possible to 
secure a compendious index of the contents of all provincial 
museums and collections ; (2) the most eflectual methods of 
faciliiating the interchange of specimens and books between 
various museums ; (3) the best plans for arranging museums and 
classifying their contents ; (4) the organization of some concerted 
action for the obtaining of such Government publications as are 
interesting or important from a scientific point of view. 

Prof. Arthur Schuster, F.R.S., has been appointed 
to the Langworthy Professorship of Physics and Directorship of 
the Physical Laboratory at the Owens College, in successioji to 
the late Prof. Balfour Stewart. 

'Phe Gaekwar of Baroda is reported to have decided to send 
a numl>er of young men, carefully selected for the purpose, to 
study scientific and technical subjects in England, under ihe 
supervision of Mr. Gajjar, Professor of Biology in the Baroda 
College. 

The Government of Ceylon have sanctioned the opening of . 
a F orest School at Kandy. 

Wk regret to have to record the death of Sir Charles Bright, 
the eminent electrician. He died last Thursday, at the age of 
fifty-six. 

Dr. Sigismond Wr^blewski, Professor of Experimental 
Physics at the Polish University of Cracow, died on April 16 ' 
last, in consequence of injuries received through the explosion 
of some petroleum lamps. Prof. Wroblewski lived for some 
time in London, and was aflerwards a Piofcssor at the Univer- 
sity of Sirasburg. He also worked in the laboratory of Prof. 
Debray in the Ecole Normalc, Paris. He accepted the ap- 
pointment at Cracow in 1S82. His researches on the liquefaction ^ 
of gases are well known. 

The sodium salt of a new sulphur acid, of the composition 
Has been prepared by M. VilUcrs (ffui/. dt Sac. Chim.^ 
1888, 671). It was obtained by the action of sulphur dioxide 
upon a sttoag solution of sodium thiosulphate, and is tolerably 
stable, cryatallizing in welLdeveloped prisms. A quantity of 
crystalline sodium thiosulphate contained in a flask was treated 
wi h an amount of water insufficient for complete solution ; , 
the flask was immersed in iced water, and a current of sulphur 
dioxide pas ed, with constant agitation, until the solution was 
saturated and all or nearly all the thiosulphate had dissolved. 

If any of the latter crystals remained undissolved, a little more 
water was added, and the solution again saturated with the gas, 
repeating this treatment until all had passed into solution. After 
leaving the liquid thus obtained at the ordinary temperature for 
two or three days, it was found to be capable of taking up a 
further considerable volume of sulphur dioxide, the former 
quantity having evidently entered into chemical combination in 
some way or other. It vi as therefore agaiq aaturated, and left 
for another day or two, after which the solution was evaporated 
in vacuo over sulphuric acid. It was then found that a precipitate 
uf sulphur was gradually deposited upon the base of the 
containing dish, while fine white prisms of brilliant lustre were 
fotmed at the surface. On analysis they were found to be • 
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Government of Brasil han established a Meteorological Service 
there, by decree dated April 4 last. The Olrector is Senhor A* 
riaheiro, who has visited this country on several occasloos# 

At the meeting of the French Meteorological Society, on tbe 
3rd of April, M, Vaussenat presented and analysed a long aeries 
of photographs of clouds taken nt the Observatory of the Pic-do- 
Midi, from 18S0 to 1887, under all conditions of the atmosphere* 
lie drew special attention to the importance of the systematic 
observation of clouds, at that mountain observatory, and stated 
that by the aid of such observations he had been able to 
issue local predictions of weather which hcd acquired great 
accuracy. M. Grad gave portictilara jespecting the present 
meteorological organization in Alsace and Lorraine. In 1S70, 
the Meteorological Commission presided over by M. liira 
established a complete network of stations, but this service was 
interrupted by the war which broke out soon after. At present 
there are twenty stations in the two provinces. One of these, 
viz, Strnsburg, possesses an unbroken scries of observations since 
i8of. It has been decided to establish a service theixs for the 
issue of weather forecasts for the benefit of agriculture. 

Mr. T, Wilson, of the Smithsonian Institution, gives in the 
Afftfrican NaiuraHs/ ttn Interesting account of some recent disco- 
veries made by Mr. Frank Cushing, who has not only been adopted 
by the tribe of ZuRis, but initiated into the order of their priest, 
hood. While at Tempe, in Arizona, in the *;pring of 1887, Mr. 
Cushing heard of a large truncated moun 1 in the desert 6 or 
7 miles to tlie south-eaftt. lie visited it, nnd declared it to be 
of artificial formation. Workmen were brought from Tempe, 
and in a short time they came upon the rums of aO immense 
building. Mr. Cudiing at once arrived at the conclusion that 
this building had been used as an Indian temple. He ol>serve<l 
■many ihing-i which corresponded in a remarkable degree with 
the Zufli religion, and which he was able to recognize in con* 


.anhydrous, ami yielded numbers corresponding to the formula 
NOjSiOg or NaSj04. They dissolve<I in water with formation 
of a neutral solution. On again evaporating this solution under 
the receiver of the air-pump, crystals of a hytlrate, NajS40g-f- 
jIIjO, separated out. From the remarkable similarity in pro- 
perties betv^oen oxygen and sulphur, it is probable that this 
new acid by no means exhausts all the possible combinations, 
for it appears as if one is capable of replacing the other to any 
■extent, forming compounds which may perhaps be considered 
as oxygen substitution derivatives of polysulphides. M, Villiers 
has not yet completed his investigation of the properties and 
constitution of the new acid, further details of whfch will be 
awaited with considerable interest. 

On April 2 a severe shock of earthquake was felt at Kalleli, 
in the LyseQord. It occurred simultaneously with one nt Gjtesdal, 
also on the west coast of Norway. In the former place three dis- 
tinct shocks were felt, causing the windows to rattle, clocks to 
’Stop, &c. A loud subterranean rumbling was heard. On the 
other side of the narrow fjord no shock was felt, but a deep 
rumbling detonation was heard. 

On the morning of April 18 a severe shock of earthquake was 
felt at Vexio, in the south of Sweden. It lasted fully two 
minutes and was followed by subterranean detonations. This is 
the third earthquake observed in this district during the last six 
months. 

. The Calcutta Correspondent of the Times telegraphs that 
India has been visited by a series of what he calls “pheno* 
menal " storms, partaking very much of the character of the 
Dacca tornado. At Moradabad, 150 deaths are reported, 
eaused chiefly by hailstones. Many of the houses were un- 
roofed, trees were uprooted, and masses of frozen hail remained 
lying about long after the cessation of the storm. At Delhi 
(here was an extraordinary hailstorm lasting about two minutes, 
which was virtually a shower of lumps of ice. One of 
the haibtones picked up in the hospital garden weighed 

lb. ; another, secured near the Telegraph Office, was of the 
size of a melon, and turned the scale at 2 lbs. At another 
place the Government House suffered severely, 200 panes of 
glass being broken by hail. In Lower Bengal, at Kayebati, 
2000 huts were destroyed, while twenty persons are reported to 
have l>een kille 1 and 200 severely injured. Chudressur, close to 
Serampore, was almost completely wrecked. The storm lasted 
only three mimitei, its course extending for a mile and a half, 
and its path being 300 yards wide. Its advent was preceded 
by a lomi booming noise. Large boats were lifted out of the 
Tiver, and in one case a small boat was blown up into a tree. 

According to an official report, the substance of which has 
been given by the Calcutta Correspondent of the Times ^ an im- 
mense amount of injury was done by the Dacca tornado. No 
fewer than 118 persons were killed, excluding those drowned, and 
J20O wounded had to be treated. The amount of the damage to 
proj>erty is estimated at Rs.6, 78,428. Three hundred and fifty- 
eight houses were completely destroyed, 12X boats were wrecked, 
and 148 ’brick-built houses were partially, and 9 were com- 
pletely, destroyed. Shortly after th^ Dacca tornado, another 
visited part of the Murebagunje subdivision, and 66 deaths and 
128 cases of injury are reported. All the houses struck were 
-completely destroyed. The Dacca tornado travelled altogether 
3l miles. Its rate of speed varied from t2 to ao miles, and its 
greatest width was ^ yards, It was accompanied by a rumbling 
hissing sound, the clouds over it were illuminated, and liquid 
mud was deposited along its track, and was ingrained \n the 
wounds of the injured. 

We are glad to be able to report, on the authority of Captain 
•de Brito Capello, Director of the Lisbon Observatory, that the 


sequence of the experience be ha4l gained as a priest. Continu- 
ing his explurations, he found the remains of a city 3 miles 
lo ig and at some places I mile wi<lc. This city was somewhat 
irregularly laid out, consisting principally of large squares or 
blocks of houses surrounded by a high wall, apparently for pro- 
tection. The stale of the buildings clearly indicated that the city 
had been ruined by an earthquake. Many bodies crushed by 
fallen roofs and walls were found. Mr. Cushing also discovered 
a number of graves, believed to be the graves of priests. The 
symbols and decorations on the pottery found in these graves 
resemble the symbols and clecoraiions on modern ZuRi pottery. 
About 10 or 15 miles from this ruined city, which Mr. 
Cushing calls Los Muertos, the City of the Dead, he has lately 
found the remains of another prehistoric town, in connection 
with which there are many traces of extensive works for 
irrigation. 

The Boston Society of Natural History proposes to, ^stabUsh 
a Zoological Garden in that city. The enterprise will be thoroughly 
educational. The chief object will be to show specimens of 
American animals, especially those of New Engl.md* 

According to a telegram from Sydney, the Conference upon 
the means of dealing with the rabbit- pe^it in Australia h^S rC' 
suited in the selection of an island where M. Pasteur'a and other 
methods of extirpation will be thoroughly tried. The liabUity 
of other animals and birds to infection by the same means wilt 
also be tested. 

During the month of July the following oourses,. for ievhniasl 
tCMhers and others, will be given in the new buiWimrs of the 
City and Guilds of London Institute Elementary PriaQlufl^ ,0^ 
Machine-Designing, by Prof. W. C. Unwin, F.ILS^ i PrwJtfc^ 
Lessons in Organic Chemistry, intended moiidy fof 9^ 

technological subjects by Prof, Armstrong. F.R.S.^ 
struction and Uee of Electrical Measn^hg InattfumenWi Profc ' 
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Ayrtoiii F,R. S. ; Experimental Mechanics, by Vrof, Henrici 
F<KtS«j the Principles of Uread-makiog, by Willtam lago ; 
PtiOtQgmphy, by CapU Abney, F.R.S. ; Mathematical and 
Surveying InstrumenU, by Arthur Thomas WalmUley; Gns 
Manufacture, by Lewis T. Wright ; the Application of Modern 
Creofnetry to the Cutting of ^lids for Masonry and other 
Technical Arts, by Lawrence Harvey ; and the Craft of the 
Carpenter, by John Slater. 

The additions to the Zoological Society’s Gardens during the 
pait week include two Long-eared Bats {PUcoius aHrttus)^ from 

Cornwall, presented by Mr. F. A. All chin ; a Roe 

{CApre&ius 9 ), from Corea, presented by Mr. F. Ilarston 

Eagles I two Burrowing Owls {Speotyto cunicularia)^ from 
Buenos Ayres, presented by Mr. J. Clark llawkshaw ; a Blue 
and Yellow Macaw {Ara ararcmna\ from Para, presented by 
Mt». Yarrow ; two Crested Ducks {Anas cris(aiHs), from the 
Falkland Islands, presented by Mr. F, E. Cobb, C.M.Z.S. ; an 
Asp Viper {Vlpttra aspis), from Italy, presented by Messrs. 
Paul and Co. ; a Common Viper ( Vipera herns), from Burnham 
Beeches, presented by Mr. F. M. Oldham ; two Japanese Deer 
{Cervus sika 6 6\ from Japan ; a Macaque Monkey {.\facafus 
cynofHotgus d)» from India, a Vulpine Phalangcr {i^halangista 
veUpina <5 ), from Australia, two Burrowing Owls {Speotyto 
rupti^ularia), from Buenos Ayres, deposited ; a .Spotted Cavy 
{Cteh^^enys /ora), bjm in the Gardens, 


OUR ASTRONOMICAL COLUMN. 

New Minor Planets.— Herr I^alisa, at Vienna, discovered 
a new minor planet, No. 276, on April 17, and M. Charlois, at 
Nice, discovered a second, No. 277, on May 3, the sixiy-fouith 
and third discoveries respectively of the two astronomers. No. 
273 has been named Atropos. 

Comet 1888 a (SawertHAL), — The following ephemeris 
{Dun Rcht Cirmlir, No. 155) is in continuation of that givouin 
Nature, vol xxxvii. j). 520 : — 

I'or Creenwhh 


seventy -five proper motions, nearly all of them new, is like wise" 
added. 

PuBt.iCATioNs OF Lick Observatory. — The first volume 
of the Publications of the Lick Observatory has been received. 
It is chiefly occupied with the details of the progress of the insti- 
tution from the date of Mr, Lick’s first deed of trust, 1874, and 
with the description of the smaller instruments, the great 
refractor being reserved for a future volume. Meteorological 
observations taken on Mount Hamilton from 18S0 to 1885, and 
reduction tables for the Observatory occupy a large part of the 
volume. Amongst the most interesting reports ore those of 
Prof. Newcomb, on the glass for the great objective ; of Mr. 
Burnham, on Mount Hamilton as an observing station ; and of 
Prof. Todd, on the transit of Venus, 1882. A report on the 
structure of the mountain is also given by Profs, Irving and 
Jackson. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 MAY 13-19. 

R the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 
is here employed.) 

At Greenwich on May 1 3 

Sunrises, 4h. 12m. ; souths, iih. 56m. 97s. ; sets, I9h, 40tn. : 
right asc. on meridian, 3h. 22 '8m. ; deck 18° 34' N. 
Sidereal Time at Sunset, iih. 8m. 


Moon (at P'irst Quarter May 18, 23h.) ri«cs, Sh. 58m. ; 
souths, I3h. 54m. ; sets, 21 n. 57m. : right asc. on meridian, 
sh. 21 •2m. ; deck 19* 46' N. 


Planet. 

RUe«. 

Southti. 

Selsi. 

Right aflc. and dedination. 
on meridian. 


h. m. 

h. m. 

h. m. 

h. m, 

. 19 50 N. 

Mercury.. 

4 16 ,. 

. 12 8 . 

. 20 0 . 

3 34 8 

Venus 

3 45 •• 

• JO S4 • 

. 18 3 . 

2 20*6 . 

. 12 38 N, 

Mars 

15 36... 

, 21 19 . 

■ 3 2‘ 

12 46 9 .. 

. 4 6 S. 

[upiler. ... 

ao 21 .. 

. 0 38 .. 

• 4 55 . 

16 3*2 .. 

19 43 S. 

Saturn,... 

8 SI .. 

. 16 47 - 

• 0 43^ 

8 14*5 •• 

. 20 29 N. 

Uranus ... 

«S 44 •• 

. 21 23 .. 

■ 3 2 *. 

5« 5 •• 

. 4 47 s. 

Neplune.. 

4 4> .. 

, 12 24 .. 

20 7 . 

3 50 7 . 

. j8 28 N. 


* Indicale<% lhat the rising is that of the preceding evening and the setlingr 
that of the following tnomiog. 



188B. 

R.A. 

Deal 

Lug .J. 

Log K 

Bright- 


h. m. «. 

0 

39 '8 N. 



nesjs. 

May 10 

23 45 45 

3 * 

0*2242 

01003 

0 14 

12 

23 50 0 

32 

337 

0 ‘ 2 $ 6 o 

01198 


14 

23 5 J 9 

33 

*58 

0*12 

16 

23 58 12 

34 

i6’i 


01386 


18 

028 

35 

47' 

0*2470 

0*11 

20 

0 5 58 

35 

51 7 


0*1566 


22 

094* 

36 

37‘2 

0'2572 

009 

24 

0 13 20 

37 

21 ’2 


0M738 


26 

0 16 51 

38 

3*9 

0*2666 

008 

28 

0 20 16 

38 

45*3 




30 

0 23 35 

39 

2S'6 

0*2752 

0*1904 

007 


The brightness at discovery is taken as unity. 


Cincinnati Zone Cataloouk.— No. 9 of the Publications 
of tlm Cincknmti Observatory contains a zone catalogue of 
4050 ttiue observed during 1885, 18H6, and the early part of 
(Is? with the 3-inch transit insirumeni of the Observatory, made 
by Bofir and licrgcr. The region covered by the zones is from 
S, £)«Cl. 18* 50' to S, Deck 22* 20', most of the stars down 
fo 8*5 having been olieerved, besides a considerable numljer 
of ikliiter ones. A low pawer was employed, so as to give a 
field of 5(y In breadth, and as the zones were taken 15' apart, 
ca<l| Atar was thus usaolty ob«erv«d in three zones. The 
R.A,‘il were deduced from transits, recorded on a chrono- 
graplL * system of five vertical wires ; the declinations, from 
niicetlcns by a micrometer wire, two readings being taken for 
each MAT whenever practicid)le. The probable error of a single 
cbsefvathm was found to be R,A. ±0*1234., Deck ± i''*84, 
the dhMurvittkms being a Iktle rougher than oouJd have been 
dtkiM; ib 00Ds«<ttiettce of the low magnifying power used. An 
portion of the work has been the comparison of 
thBipj^lting ptooes with those the same stars in earlier cata- 
a COQsidetablo number of errata in Lalande’a, La- 
and othw caialoguea have been detected. A list of 


OccuUaiians of Stars hy the Moon (visible al Greenwich). 

Correspond i DR. 
angtoauom ver- 

Mny. Star. Msg. Diup. Reap. tex to right for 

inverted image. 

hr m* h. m* „ „ 

15 ... 61 Geminorum .. 6 ... 21 48 near approach 212 — 

16 ... c/'Cancri 6 ... 23 5 ... 23 45 ... 74 337 

May. h. 

15 ... o ... Mercury at least distance from the Sun. 

16 ... 22 ... Saturn in conjunction with and o* 42' north 

of the Moon. 


VariahU Stars, 


Star 

U Cephei ... 

R.A. 
h. m. 

0 S*-4 . 

Deck 

, 81" 16 N. 

... May 17, 

h, 

I 

ni 

38 m 

f Geminorum 

6 STS • 

. 20 44 N. 

... ,, 


0 

oM 

U HydrEc ... 

10 38-0 . 

. 12 48 S. 

... , , 

IS. 


m 

W Virginis... 

13 *0-3 • 

. 2 48 S. 

... ,, 

*7, 

1 

oM 

R Draconis ... 

16 3»’4 • 

.67 0 N. 

... ,, 

14. 


m 

U C3phiuchi .. 

. 17 10*9 • 

. r 20 N. 

... ,, 

18, 

0 

36 m 

W Sogitiarii 

■ 17 57’9 . 

*9 35 S. 

... ,, 

17. 

3 

0 m 

B Lyr* 

. 18 46 0 . 

53 >4 N. 

... ,, 

17. 

23 

0 M 

R Lyrse 

. 18 51*9 . 

43 48 N. 

... ,, 

187 


m 

11 Aqui1«e 

. 19 46*8 . 

043N. 


19, 23 

0 m 

WCygni ... . 

21 31*8 . 

. 44 S3 N. 


18, 


M' 

5 Cephei 

. 22 25*0 . 

57 S‘ N. 


15. 

23 

oM 


M eignificfl maximum ; m minimum. 


Mettor'Shmers, 
tt.A. Deck 


Near ij Aquilie ... 

... 295 

« 

0 

... May 15. Very swift. 

From Delphinus ... 

... 314 

ISN. 

May 13-18, Very 
swift. Streaks, 
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THE PYGMY RACES OE MEN? 

I. 

TT is well known that there existed among the nations of 
^ antiauity a wide-spread belief in the existence of a race or 
races of numan beings of exceedingly diminutive stature, who 
-dwelt in BoiDS^ of the remote and unexplored regions of the earth* 
These were called fygfnUs^ a word said to be derived from 
which means a hst, and also a measure of length, the 
distance from the elbow to the knuckles of an ordinary-sized 
man, or rather more than 13 inches. 

In the opening of the third book of the lUadt the Trojan hosts 
are descrit^d as coming on with noise and shouting, ** like the 
cranes which dee from the coming of winter and sudaen rain, and 
fly with clamour towards the streams of ocean, iiearing slaughter 
and fate to the Pygmy men, and in early morn offer cruel battle,’^ 
or, as Pope has it — 

'* So when inclcmsnt winters vet the plaipp 
With ptercins Trasts, or thick Jescendinjc rain, 

To warmer seas the cranes emhodied fly, 

With noise and order through the midway sky, 

To Pygmy nations wounds and death they bring, 

And alt the war descends upon the wing.’* 

The combats between the pygmies and the cranes are often 
alluded to by btc classical writers, and are not unfrequently 
depicted upon Greek vases. In one of these in the Hope collec- 
tion at Deepdene, in wluch the %ures are represented with 
reat spirit, the pygmies are dwarfl»h-looking men with large 
eads, n^ro features, and close woolly or frizzly hair. They arc 
armed with lances. Notices of a less poetical and apparently more 
scientific character of the occurrence of very small races of human 
beings are met with in Aristotle, Herodotus, Ctesias, Pliny, 
Pomponius Melo, and others. Aristotle places his pygmies in 
Africa, near the sources of the Nile, while Ctesias describes a 
race of dwarfs in the interior of India. The account in 
Herodotus is so circumstantial, and has such an air of truthful- 
ness about it, especially in connection with recent discoveries, 
that it is worth quoting in fult.^ 

“I did hear, indeed, what I will now relate, from certain 
natives of Cyrfin^. Once upon a time, they said, they were on 
a visit to the oracular shrine of Ammon, when it chanced that, 
in the course of conversation with Etearchus, the Ammonian 
king, the talk fell upon the Nile, how that its sources were un- 
known to all men. Etearchus up m this mentioned that some 
Nasamonians h^d once come to his Court, and when asked if 
they could give any information concerning the uninhabited parts 
of Libya, had told the following tale. The Nasamonians are a 
Libyan race who occupy the Syrtes, anti a tract of no great 
size towards the east. They said there had grown up among 
them some wild young men, the sons oT certain chiefs, who, 
when ihe^ came to man's estate, indulged in all manner of ex- 
travagancies, and among other things drew lots for five of their 
number to go and explore the desert parts of Libya, and try if 
they c.)uTd not penetrate further than any had done previously. 
The young men therefore dispatched on this errand by their com- 
rades with a plentiful supply of water and provisions, travelled at 
first through the inhabited region, passing which they came to the 
wild beast tract, whence they finally entered upon the desert, which 
they proceeded to cross in a direction from east to west. After 
journeying for many days over a wide extent of sand, they came 
at last to a plain where they observed trees growing : approach- 
ing them, and seeing fruit on them, they proceeded to gather it. 
l^ile they were thus engaged, there came upon them some 
dwarfish men, under the middle height, who seized them and 
carried them off. The Nasamonians could not understand a 
word of their language, nor had they any acquaintance with the 
language of the Nasamonians. They were fed across extensive 
marshes, and finally came to a town, where all the men were of 
the height of their conductors, and black-complexioned, A 
great river flowed by the town, running from west to east, and 
eontainini^ crocodiles." 

It is satisfactoiyr to know that the narrative concludes by say- 
ing that these pioneers of African exploration, forerunners of 
Bruce and Park, of Barth, Livingstone, Speke, Grant, Sohwein- 
furth, Stanley, and the rest, ** got safe back to their countiy." 

Extension of knowledge of the natural products of the earth, 

« A Lffoture defivored at tha Rwal In^tUuticm on Friday cveniiur, April ra, 
iSSe. by Pmf. Lurf., F.R.S., Director o?The SSto^r 

Depvtnwati of the Bridsh Mutoum. 

* H«rod<Htts, B63k II. Ra«rlinsoti*s tranilatioo, p. 4f* 


and a more critical sjnrit on the part of authors, ted to Attempts 
of explanation of this belief, and the discovery of races 
keys— of the doings of which, it must be said, more or less fabu- 
lous stories were often reported by travellers — generally sufficed 
the commentators and naturalists of the last century to explain 
the origin of the stories of the pygmies. To this view the great 
authority of Buflbn was extended. 

Still more recently-acquired information as to the actual con- 
dition of the human noimlation of the globe has, however, led 
to a revision of the ideas upon the subj^r, and to more careful 
and critical re’^earches into the ancient docatnenti. M. de 
Qualrcfages, the eminent and veteran Professor of Anthropoloey 
at the Musifum d'Histoire Naturelle of Paris, has specially 
carefully examined and collated all the evidence bearing upon 
the question, and devoted much ingenuity of argument to prove 
that the two localities in which the ancient authors appear to 
place their pygmies, the interior of Africa near the sources of 
the Nile, and the southernmost parts of Asia, and the charactm 
they assign to them, indicate an actual knowledge of the exist- 
ence of me two groups of small people which still inhabit these 
regions, the history of which will form the subject of this lecture. 
The evidence which has convinced M. de Quatrefages, and 
which, I have no doubt, will suffice for those who take pleasure 
in discovering an underlying truth in all such legends and myths, 
or in the more grateful task of rehabilitating the veracity of the 
fathers of literature and history, will be found collected in a very 
readable form in a little book published last year in the *' Biblio- 
th^que scientifique conteroporaine," called Les Pygmees," to 
which I refer my readers for fuller information upon the subject 
of this discourse, and especially for numerous references to the 
literature of the subject, which, as the book is accessible to all 
who wish to pursue it farther, I need not give here. 

It is still, however, to my mind, an open question whether 
these old stories may not be class^ with innumerable others, 
the offiipriog of the fertile invention of the human hmin, the 
potency of which as an origin of myths has, I think, sometimes 
been too much underrated. I shall therefore now take leave of 
them, and confine myself to giving you, as far as the brief space of 
time at my disposal admits, an account of our actual knowledge of 
the smallest races of men either existing or, as far na we know, 
ever having existed on earth, and which may therefore, taking 
the word in its current though not literal sense, be called the 

pygmies" of the species. 

Among the various characters by which the different races of 
men are distinguished from one another, stJ€ is undoubtedly one 
of considerable importance. Not but what in each race there is 
much individual variation, some persons being taller, and tome 
shorter ; yet these variations arc, especially in the purer or less 
mixed races, restricted within certain limits, and there is a 
general average, both for men and women, which can be ascer- 
tained when A sufficient number’ of accurate measuremeots have 
been recorded. That the prevailing size of a race U a really 
deeply-sealed, inherited characteristic, and depends but little ott 
outward conditions, as abundance of food, climate, &o., is 
proved by well-known facts. The tallest and the shortest races in 
Europe arc respectively the Norwegians and the Lapps, living in 
almost the same region. In Africa, also, the diminutive Bushmen 
and the tallest race of the country, the Kaffirs, are close neighbours. 
The natives of the Andaman Islands and those of many islands 
of the equatorial region of the Pacific, in which the condirions 
are simUar, or if anything more favourable to the formuTf m at 
opposite ends of the scale of height. Those not occostomed to 
the difficulties both of making and recording such measurements 
will scarcely be prepared, however, to learn how mei^tre, un- 
satisfactory and unreliable our knowledge of the stature of most 
of the races of mankind is at present, aUhough unqttestionab^ it 
has been considerably increaam within recent years. We musti 
however, make use of such material as we posaesi:, and tnsii to 
the future correction of errors when better opportunities occur- 

It is convenient to divide men, according to their he^t, Into 
three groims-— tall, medium, and short ; in Topkutrd's sysfom^ 
the first being those the average height (of the men) of whfoh 
is above x'^00 metres (S fo«t 7 inches), the latter those 
1*500 metre* (4 feet ii inches), and the middle division 
bttweeiL the two. In the last division are included td 

the Mon^Uan or yellow races of Asia, as the Bomoyed^, titu 
Ostiaks, the Japanese, the Siamese, and the Anuandte* ; >1*0 
the Veddahs 4^ Ceylon and certain of the wild of 

Southern India. . These all range between 1 *5*5 mid l 
—say between 5 feet and 5 feet 3 inches. 
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It is of noflc of Uiese people of whom I am going to speak 
Are Ai) on a still smaller scale* the average 
hdgtht of the men being in all cases below 5 feet* in some cases, 
as we shall see, considerably below. 

jB^sides their diminutive sire, X may note at the outset that 
they all have in a strongly-marked degree the character of the 
hair diistiti|nished as fmly— f,r. growing in very fine, close 
curls, and ftattened or elliptical in section, and therefore, what- 
ever other structural differences they present, they all belong to 
the same primary branch of the human species as the African 
N»ro ana the Melanesian of the Western Pacific. 

I will first direct your attention to a group of islands in the 
Indian Ocean — the Andamans— where we shall find a race in 
many respects of the greatest possible interest to the anthropo- 
logist. 

These islands are situated in the Bay of Bengal, tietween the 
lOth and lath parallels of north latitude, and near the meridian 
95° east of Greenwich, and consist of the Great and Little 
Andamans. The former is about 140 miles long, and has a 
breadth nowhere exceeding ao miles. It is divided by narrow 
channels into three, called respectively North, Middle, and 
South Andaman, and there are also various smaller islands be- 
longing to the group. Little Andaman is a detached island lying 
about aS miles to the south of the main group, about 27 miles in 
length and 10 to 18 in breadth. 

Although these islands have been inhabited for a very great 
length of time by people whose state of culture and customs have 
unctrgone little or no change, as proved by the examination of 
the contents of the old kitchen-middens, or refuse heaps, found in 
many places in them, and although they He so near the track of 
civibzation and commerce, the islands and their inhabitants were 
practically unknown to the world until so recently as the year 
1858, It is true that their CKistence is mentioned by Arabic 
writers of the ninth century, and again by Marco Polo, and 
that in tySS an attempt was made to establish a penal colony 
upon them by the East India Company, which wag abandoned 
a few years after ; but the bad reputation the inhabitants had 
acquirM for ferocious and inhospitable treatment of strangers 
brought by accident to their shores caused them to be carefully 
avoided, and no permanent settlement or relations of anything 
like a friendly character, or likely to afford any useful infor- 
mation as to the character of the islands or the inhabitants, were 
established. It is fair to mention that this hostility to foreigners, 
which for tong was one of the chief characteristics by which the 
Andamanese were known to the outer world, found much justifi- 
cation in the cruel experiences they suffered from the malpractices, 
especially kidnapping for slaveiy, of the Chinese and Malay 
tmders who visned the islands in search of d^c/ie de mer and 
edible birds’-nests. It is also to this characteristic that the in- 
habitants owe so much of llieir intei'est to us from a scientific 
point of view, for we have here the rare case of a population, 
confined to a very limited lymce, and isolated for hundreds, 
perhaps thousands, of years fitim all contact with external in- 
fluence, their physical characters unmixed by crossing, and their 
culture, the*r beliefs, their language entirely their own. 

In l«7, when the Sepoy mutiny called the attention of the 
Indian Covernment to the necessity ol a habitation for their 
numerous convict prisoners, the Andaman Islands were again 
thougfht of for the purpose, A Commission, consisting of Dr. ¥. J. 
Mouat, Dri G. Playfair, and Lieut. J. A. Heathcote was sent to 
the islAuds to report upon their capabilities for such a purpose ; 
and, aoiilAg ut^n its recommendations, early in the following 
year the iSanda were taken possession of in the name of the 
East India Company by Captain (now General) 11 . Man, and 
the British flog hoisted at Port Blair, near the southern end of 
Oresat Andaman, which thenceforth became the nucleus of the 
setUement of invaders, now numbering about 15,000 persons, of 
whom more than three-fourths are convict prisoners, the rest 
«oldierti| police, and the usual accompaniments of a military 
starioik 

The offhet of this limnd upon the unsophisticated native 
ivipt^alion, who* though apread over the whole area of the 
were far less numerous, may easily be imagined. It is 
riihn^ri^eterloration of character, moral and physical decay, and 
finally ^taction. The newly-introduced habits of life, vices, 
and d»ehse«i on spreading at a fearful rate, and with deadly 
effect. In this sad history ore, however, two redeeming 
Wtbleh ouroechpation ofthe Andamans from 

*h<rt ef Tasmania, whei^ a simHarthlgedywaa played outdaring 


the present century. In the first ^dace, the British Govemora 
and residents appear from the first to have used every effort to 
obtain fur the natives the most careful and considerate treat- 
ment, and to alleviate as much as possible the evils which they 
have unintentionally been the means of inflicting on them. 
Secondly, most careful records have been preserved of the 
physical characters, the social customs, the arts, manufacture^ 
traditions, and language of the people while still in their primi- 
tive condition. For this most important work, a work which, 
if not done, would have left a blank in the history of the world 
which could never have been replaced, wc are indebted almost 
entirely to the «;cientific enthusiasm of one individual, Mr. 
Edward Horace Man, who most fortunately happened to be in 
a position As<;istant Superintendent of the Islands, and spe- 
cially in charge of the natives^ which enabled him to obtain the 
required information with facilities which probably no one else 
could have had, and whose observations ** On the Aboriginal 
Inhabitants of the Andaman Islands,” published bv the An- 
thropological Institute of Great Britain and Ireland, are most 
valuable, not only for the Information thev contain, but as 
correcling the numerous erroneous and misleading statements 
circulated regarding these i>eople by previous and less well 
informed or less critical authors. 

The Arab writer of the ninth century previously alluded to 
states that their complexion is frightful, their nair frizried, 
their countenance and eyes frightful, their feet very large, and 
almost a cubit in length, and they go ouite naked,” while Marco 
Polo (about 1285) says that "the people are no better than wild 
beasts, and I assure you all the men of this island of Angamanain 
have heads like dogs, and teeth and eyes likewise ; in fact, in the 
face they are just like big mastiff dogs. ” These specimens of 
mediftival anthropology are almost rivalled by the descriptions 
of the customs and moral character of the same people pub- 
lished as recently as 1862, based chiefly on information obtained 
from one of the runaway sepoy convicts, and which represent 
them as among the lowest ana most degraded of human things. 

The natives of the Andamans arc divided into nine distinct 
tribes, each inhabiting its own district. Eight of these live upon 
the Great Andaman Islands, and one upon the hitherto almost 
unexplored Little Andaman. AUhoogn each of these tribes 
possesses a distinct dialect, these are afi traceable to the same 
source, and are all in the same stage’of development. The obser- 
vations that have been made hitherto relate mostly to the tribe 
inhabiting the south bland, but it does not appear that there is 
any great variation either in phy.sical characters or manners, 
customs, and culture among them. 

Wiih regartl to the important character of size, we have more 
abundant and more accurate information than of most other 
races. Mr. Man gives the measurements of forty -eight men 
and forty -one women, making the average of the former 

4 feet 10 j inches, that of the latter 4 feet mches, a difference 
therefore of 3^ inches between the sexes. The tallest man was 

5 feet 4I inches ; the shortest 4 feet 6 inches. The tallest 
woman 4 feet iij inches ; the shortest 4 feet 4 inches. Measure- 
ments made upon the living subject are always liable to errors, 
but it is possible that in so large a series these will compensate each 
other, and that therefore the averages may be relied upon. My 
own observations, based uixin the measurements of the bones alone 
of as many as twenty-nine skeletons, give smaller averages, viz. 
4 feet 8J inches for the men, and 4 feet 6i inches for the women ; 
but these, it must be recollected, are calculated from the length 
of the femur, upon a ratio which, though usually correct Tor 
Europeans, may not hold good in the case of other races. ^ The 
hair U fine, and very closely curled ; woolly, as it is gener- 
ally called, or, rather, frizzly, and elliptical in cection, aa 
in the Negroes. The colour of the skin is very dark, although 
not absolutely black. The head is of roundish (brachycephalic) 
form, the cephalic index of the skull being about 8a. The 
other cranial characters are fully described in the papers just 
referred to. The teeth arc large, but the jaws are only slightly 
prognathous. The features possess little of the Negro t]^pe ; at 
all events, little of the most marked and coarser peculiarities of 
that type. The projecting jaws, the prominent thick lips, the 
broad and flattened nose of the genuine Negro are so aoffened 
down in the Andamanese as scarcely to be recognized, and yet in 

' S«e the Oatoology Mod Affiaitiu of th& KatiwS of the Andaman 
Islandit*' (Journal Anihiopological Institute, vol. ix. p, xoB, 1879); ead 
** Additions ObiMveitotiH on the OttAolqgy of the Natives of the Andaraan 
Islandi ” (4^., vol. xV. p. 1884). 
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the relative proportions of the limb-hones, especially in the short- 
ness of the humerus compared with the fore-arm, and in the form 
•of the pelvis, Negro affinities are most strongly indicated. 

Id spealting of the culture of the Andaman^, of course I 
•only reler to their condition before the introduction of European 
civilisation into the islands. They live in small villa||[es or en- 
campments, in dwellings of simple and rude construction*, built 
only of branch A and leaves of trees. They are entirely ignorant 
of agriculture, and keep no poultry or domestic animals. They 
make rude pots of clay, Bun-driccl, or partially b.'iked in the fire, 
but these are hand -made, as they are ignorant of the use of the 
potter’s wheel. Their clothing is of the scantiest description, 
and what little they have chiefly serves for decoral ive or 
ornamental purposes, and n>t for keeping the Iwdy warm. 
They make no use of the skins of animals. They have 
fairly well-made du'-out canoes and outriggers, but only fit 
for navigating the numerous creeks and straits between the 
islands, and not for voyages in the open sea. They are expert 
swimmers and divers. Though constantly using fire, they are 
-quite ignorant of the art of producing it, and have to expend 
much caie and labour in keeping up a constant supply 
of burning or smouldering wood. They are ignorant oi all 
metals ; l)UL for domestic purposes make great use of shells, 
especially n species of Cyrenc found abundantly on the shores of 
(he islands, also quartz chips and flakes, and hamloo knives* 
They have stone anvils and hammers, and they make good 
string from vegr. table fibres, as well as baskets, fishing-nets, 
sleeping -mats, &c. Their principal weapons are the bow and 
arrow, in the use of which they are particularly skilful. They 
have harpoons for killing turtle and fish, but no kind of shield or 
breastplate for defence when fighting. The natural fertility of 
the island supplies them with abundance and a great variety of 
food alt the year round, the purveying of which affords occupa- 
tion and amusement for the greater part of the male population. 
This consists of pigs {Stis amiumaneHsis), which are numerous 
on the islands, paradoxurus, dugong, and occasionally porpoise, 
iguanas, turtles, turtles* eggs, many kinds of fish, prawns, 
mollusks, larva* of large wood-boring and burrowing beetles, 
honey, and numerous roots (as yams), fruits, and seeds. The 
food is invariably cooked before eating, and generally taken 
when extremely hot. They were ignorant of all stimulants or 
intoxicating drinks— in fact, water was their only l>everage ; and 
tobacco, or any substitute for it, was quite unknown till 
introduced by Europeans. 

(7b be continued^ 


THE INSTITUTION OF MECHANICAL 

ENGJNEEES. \ 

Institution of Mechanical Engineers held its annual 
^ meeting at the bouse of tbe Insiiiudon of Civil Engineers 
in Great George Street, Westminster, on the 3rd and 4th inst., 
under the pre.sidency of Mr. E. H. Carbutt. 

The papers brought forward for reading and discussion were : 
the Third Report of the Research Committee of the Institu- 
tion on Friction ; "‘Description of the Emery Testing Machine,” 
by Mr. Henry R. Towne, of Stamford, Connecticut, U.S.A. ; 
and " Supplementary Paper on the Use of Petroleum Refuse as 
Fuel in Eocomotive Engines,” by Mr. Thomas Urquhart, Loco- 
molive Superintendent, Grazi and Tsaritsin Railway, South- 
East Russia; the third of which was deferred till the next 
meeting of the Institute. 

The third report of the Friction Committee Is on experiments 
on the friction of a collar-bearing. The general conclusions of 
the Committee are that this kind of bearing is inferior to a 
cylindrical journal in weight- carrying power. The coefficient of 
friction is also much higher than for a cylindrical hearing, and 
the friction follows the law of the friction of solids more nearly 
than that of liquids, due doubtless to the less perfect lubrication 
applicable to this form of bearing compared with a cylindrical 
one. The coefficient of friction appears to be independent of the 
epecd, but to diminish somewhat as the load is increaaecl and . 
may be stated approximately at at 15 tbs. per square inch* 
diminishing to at 75 lbs, per square inch. 

In the Broad principles of construction on which the Emery 
system of testing and weighing machinery rests are included two 
radically new and highly important elements— n4«iiely» An : 
arrangement of hydraulic chambers and diaphragma 'eap4^ nf 
receiving without injury pressures and shocks of great intonsHy, 
and of transmitting them simultaneously, without loss from 


frictioo, to a convenient point for the purptsee of measuring 
recording them, and ca^xible also of reducing them to such tower 
term of degree as mey be desirable ; and a means for flexibly 
uniting a vibrating scale-beam either to a fixed abutment or td 
another beam of the same system, in such a maimer as absolntely 
to eliminate friction, and to preserve inclefmitely the fulcrum 
intervals or distances precisely as first adjusted, and to resist and 
transmit all the pressares and shocks to which the fulorums 
are subjected, without in the slightest degree impairing their 
sensitiveness or durability. 

The hydraulic construction is such that through it the strain 
on the specimen is transmitted without loss to a hydraulic 
chamber containing a thin film of liqilid, which is again 
transmitted through a small copper tube, without loss rtotn 
friction or otherwise, to a much smaller chamber containing 
a similar thin film of liquid. The acting area of the 
liquid in the smaller chamber is less than that in the larger 
in the proportion in which the load on the specimen is desired to 
be reduced before it is received upon the beams in the scale-case 
where it is measured. In the scale-ca^e containing the weighing 
mechanism, the pressure transmitted from the smaller chamber 
is received at one end of a system of levers, and measured by 
means of devices which are shown in detail in the figures whicn 
accompanied the paper. 


UNIVEES/TV AND EDUCATIONAL 
INTELLIGENCE. 

Oxford. — Among ihe courses of lectures announced for this 
Term we may notice the fallowing 

In Physics, Prof. Clifton is lecturing on Optical Properties of 
Crystals*, and Mr. S'elhy on Absolute Electrical Units, at the 
Clarendon I.alx)ratory. At Christ Church, Mr. Baynes lectures 
on Thermo-dynamics, and on the Transfer of Energy in on 
Electro-m^netic Field. 

The University has made a grant to Mr. Smith, in aid of the 
Millard Engineering Laboratory, and practical work on the 
physical bads of engineering is regttlarly carried on there. 

In Chemistry, besides the usual courses, Mr. Velcy is lecturing 
on Thermo-chemistry, and Mr. Marsh on Recent Organic 
Re.starch. 

The work of the Geological Chair is at present being done by 
Mr, W. W. Watts (M. A. Camb. ), who is lecturing for a terra 
in order that Prof, lireen moy complete his session at the 
Yorkshire College. 

Owing to Pi of. Moseley’s continued illness, Dr. Hickson is 
still aciing as Deputy Linacre Professor, and is lecturing on tbe 
Morphology of the Chordata, Mr. Bourne, who is to assume 
his post as Superintendent of the Plymouth Marine Station in 
a month, is lecturing on Embryology, and Prof. Westwood on 
the Winged Arthropoda, 

Dr. liurdon-Sanderson lectures this Term on Nutrition, and 
Dr. Gilbeit on the Rotation of Crops. 

Jn Ihe absence of any Pix>feBSor of Botany, Mr, J. B, Farmer 
is conducting the ncceasary elementary courses. 

Cambridge. — Prof. Adams is appointed one of t?ie four 
representatives of Cambridge at the Sooth anniversary of the 
foundation of the University of Bologna, in June next. 

An additional class-room for students of Mineralogy is to be 
formed. 


SOCIETIES AND ACADEMIES. 

Lokdon. 

Royal Society, April 19. — ‘*The Radio-Micrometer.*' By 
C. V. Boys. 

The author ^ave the result of a mathematical investigation 
made with a view to arrive at the best possible construction 
of the radio-micrometer already described by him. At 
conclusion of the meeting he showed in action an instrument 
which he had made, having the best proportions, which was both 
simpler in consttuction and far more sensitive than the one He 
exhibited on a previous occasion. 

“On the Compounds of Ammonia with Selenium Dioxide-^ 
By Sir Charles A. Cameron, M.D., F.R.C.S.L, and Joihn 
Macallan, F.I.C. 

On pasriog aininonia into a adutjon of Mleniuhn dioxide 
in absolute mcghal« u comj>Qund is formed to which the outHbrs 
have usigned iHe name ammonium selenosamate, ,an4 the 
formula NH 4 ,SeOjNH,. It is the ammonium salt of a new 
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Qttneljr, H^^eO^KHf. It in untUblc, continuously 
evnl^ff 8iMin^n)»^ ttld uUim&tvly becoming z stable acid Ralt, 
Nlf|tH4$60}N The neutral suit forms hexagonal prisms 

imd’^ pyrsvnidft^ aim the acid forms prismatic crystals. The 
ntniCttl <alt distohres in iidpaftaoT alcoholic ammonia, but is 
decmnipbtied tqr absolute alcohol or by water. 

Aprii the Modifications of the First and Second 

Vlsc^al Arches, with es]>ecial Keference to the Homologies 
of the Auditory Ossicles.'^ By Hans Gadow, rii.t)., M.A , 
SCnckiand Curator and Lecturer on Compaiative Anatomy in 
the University of Cambridge. Communicated by Prof. M. 
Foster, Sec. R.S. 

The phylogenetic development of the first two visceral arches 
show* us some most interesting changes of function, which we 
can follow upwards from the Tower Selachians to the highest 
Mammals, 

Originally entirely devoted to respiration as gilblx'aring 
structures, the whole hyoidean arch b^omes soon a factor in 
the alimentary system. Its (Hoximal half forms the hinge of the 
masticatory apparatus, it << distal half remains henceforth connected 
with the process of deglutition. Then this suspensorial arrange* 
ment is superseded by a new modification ; the hyomandibula is 
set free and would disappear (it does nearly do so in Dipnoi and 
certain Urodela), unless it were made use of for a new innetion ; 
with its having entei'cd the service of the conduction of sound, 
it haa entered upon a new departure, and it is saved from de- 
generation. The whole system of the 00-; to four elements of 
the middle ear, which all have the same function ns conductors 
of sound, is to be looked upon as Ofte organ of oue common 
origin, — namely, as a modincation of the hyomandibula, the 
primitive projrimaj para mere of the second visceral arch. 


Succisnve Modifications of the Mandibular nml Hyoidean 
Visceral Archc}>, 

T. Primitive condition (Notidanidiv). The palato quadrate 
bar alone carries the mandible. The second arch is indifferent. 
Hyomandibula and quadrate (the palatine part is an outgrowth) 
are both attached to the cranium. 

II. The hyomandibula gains a fibro cartil.-iginous connection 
with the mandible, the masticatory ayiparatus becomes amphi* 
stylic and occasionally hyosiylic (Kajid.o, most S-Iachians). 

The hyoid gains a cranial attachment (many RajidiJt). 

III. The quadrate or aiitostylic snspensorium becomes pie* 
IKjnderant ; the hyomandibula is, ns in Teleosteans, divided into 
a proximal and into a distal (symplectic) element. The proximal 
part is received into a fenestra of the otic capsule, and is con- 
verted into a stapes, whil.^^t the distal half either remains 

Siren^ Mmofioma) or is lost (other Urodela). The whole hy«- 
mandibula would have Ijccn lost owing to its excalaiion from 
a«$pe08orial function'^, unless it had entered the auditory 
service, 

IV. The autoatylic arrangement prevails. The whole hyo- 
mandihula remains, gaioH an attachment on the “ tympanum ” 
and differentiates itself into several conjointed pieces, notably 
stimes or columella proper, and extra-coUimclla or malleus. 

The extra-columella gams connection with the parotic cartilage ; 
this connection frequently remains, but in Wwr/ra alone itconatins 
a fecial element of probably parotic origin. 

The quadrate forms an important part of the tympanic 
frame. 

IVfl. Collateral departure of the Anura, The connection 
between the tympanal part of the hyomandibula wHh the 
nfaadible is lost. 

The quadrate aitUl forms the principal suspensorial part of 
the mandible. The extra-columelia, or malleus, retains for a long 
time its previously acquired connection with Mcckors cartilage 

V«. The top end of the hyoid is attached to the cranium 
Mammalia)^ and is occasionally fused with the extra- 
odumella (Mz/f/rfu). 

VA Or, the proximal portion of the hyoid is removed from 
dm iktill and remains otherwise well developed {masi Lnards) ; 
or IH poxhnal portiott becomea ndnoed and lost {Cktl^uh 
Cre«od</ns, Qfihidin, Atw)* 

Vr. Tile extra-colifinella eakit an attachment to the quadrate, 
swamosal, or pterygoid, whTisl its cosnections with the mandible 
{OpAidif. CA(tmau0i9)t mtA the lymptnnm, are lost. 

Vl The quadrate g)radfla% Me iii imhmlhtioii with the 
tmdihle ; the latter gains a new otkeer anlcttlarkon whb the 
iqhsiiMCmti the qwAie mtth idbaow tntMy » n tyntpatric 


frame. Incus and malleus fuse sometimes with each other, and 
lean on to the parotic region. The masticatory joint is doubly 
concave-convex {Ahnotremata). 

VII. The quadrate is converted into the principal part of the 
tympanic frame, viz. annulus tymiwiicus. The mandible has 
lost Us articulation with the quadrate, and the masticatory joint 
is a single concave-convex one, the convexity belonging to the 
mandible {AfonodAfhia), 

Edimiurgh. 

Royal Society, April 2. — Rev. Prof. Flint, Vice-President, 
in the chair. — Prof, Crum Brown commtmicalcd a paper by Dr. 
Prafulla Chandra RAy on the conjxigated sulphates of the 
copjxjr-mognjsium group.- — Dr. John Murray read a paper by 
Mr. A. Dickie on the chemical analysis of water from ine Clyde 
area. — Sir W. Turner read a paper by Prof. His on the 
principles of animal morphology. — Prof. Tait communicated 
two mathematical notes. 

April 16. — Prof, ChrysfftI, Vice-President, in the chair. — Dr. 
Buchan gave an analysis of the Challcnj^^ r meteorological 
observations, pointing out various impoitant meteorological 
conditions the existence of which had been revealed by the 
work of the Expedition.— Dr. John Murray read n 

description of the rocks of the Island of Malta, comparing them 
with tleep-sea deposits. — Prof. Chrystal described an electrical 
method of reversing deep-sea thermometers. — Dr. Tliorras 
Muir read a paper on a cias** of alCcniants exf)rcssible in terms 
of simple aliernants. — Prof, Tait communicated a quaternion 
note. 

Paris. 

Academy of Sciences, April 30. — M. Jans en, President, 
ill the chair. — On the consequences of the equality assumed to 
exist between the true and the mean value of a polynome, by M. 
|. Bertrand. The author show.$ by a rigorous demonstration 
that the rule is not justified which gives a posteriori the precise 
value of a sysicin of observations, although this rule is frequently 
applied with complete confiticnee in its accuracy. — On the 
theory of the figure of the earth, by M. Maurice Levy, ^ The 
]>omt here mainly discussed is the difficulty of establishing a 
satisfactory agreement between the theory of fluidity and that of 
prect'bsion in cotmecrion with Clairaut^s dififerential equation and 
the subsequent researches of Lii>schitz inserted in val. Ixii, of the 
Jouruai de CrelU. — Remarks in connection with Pere Dochev- 
rens’ recent note on the ascending movement of the air in 
cyclones, by M, H, Faye, In order to solve by direct observa 
lion the question of the ascending or descending movement of 
the alniosphtre in cycionea, Perc X^echevrens has devised a 
special anemometer for his observatory of Zi-Ka-Wei in Chinn. 
But he suggests that more trustworthy results might perhaps be 
obtained by fitting up a similar apparatus at a greater elevation 
from the ground ; for instairce, on the top of Eifl'cr« Tower, 300 
metres hi^, now being ertcted in Paris. M. Faye accepts this 
suggestion, confident that, if carried out, it cannot fail to confirm 
his own views on the movemenl of the atmospheric currents in 
cyclones. — An elementary proof of Dirichlet’s theorem on 
arithmetical progressions in cases where the ratio is 8 or 12, by 
Prof. Sylvester. In this demonstration the author starts from 
the following principle : To show that the number of prime 
numbers of a given form is infinite, let an infinite progression be 
constructed of integers relatively prime to each other, and each 
containing a prime number at least of the given form, — Distribu- 
tion k) latitude of the solar phenomena recorded during the year 
1887, by M. P. Tacchini. A table is given of the spots^ 
eruptions, faculae, protul>crances, as observed in each zone of in'* 
intne two solar hemispheres. The hydrogenic protuberances 
occur in ail the xones, whereas the other phenomena were 
almost entirely restricted to the central region between 0° and 
'k. 40”, as in the previous year. Tlie spots, faculse, and metallic 
eruptions present an agreement in the respective zones of maxi- 
mum frequency between and d: 20^ ; a maximum for each of 
the three orders of phenomena corresponds to the zone o^-io" 
exactly aa hi 18S6. The spots were confined to the equatorial 
zone (-f30*-2«P)t the eruptions and the facuUe occurred at 
much higher lotitu^s, in fact as far as +50"* and - 60”. Hence 
there are zones with faculsa and eruptions, but without spots, 
while ott a great pan of the solar surface hydrogenic protiiber- 
aweet aie observed in Che total absence of spots.— In a second 
eommunication, M. Tacchinl gWes a summary of the solar 
obeerrations made at kom« during the first quarter of the year 
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188$. From this sammftfy it appoars that the phenomena of 
apots and facalde still continue to decrease, while the pro- 
tuberanees have increased. This confirms the remark already 
made that there is no dose relation between these two orders of 
phenomena.— Determination of the heats of combustion of the 
isomerous acids corresponding to the formulas C4H4OJ and 
CbHjO* by M. W. lAJuguinine. The constituent formulas of 
the fumaric Aftd pyromalic, as well as of the mesaconic, cttra- 
conic, and itaconic acids have been the subject of frequent 
discussions amongst chemists. In order to throw some light on 
these obscure cmestions, the author here determines the heats of 
combustioh of tne acids in question. He concludes generally that 
fumaric differs greatly from pyromalic acid, the former being the 
lower homologue of one of the three acids with formula CpH^Oi. 
The formulas corresixmding to these three acids dre evidently 
closely related, the di0ereoce Here being of quite another order 
from that which exists between the formulas corresponding to 
the fumaric and pyromalic acid^. — On the slow combustion of 
certain organic substances, by M. Th. Schloesing. The author’s 
experiments ^vith tobacco seem to show that the combustion 
arising in heaps of foliage, hay, and the like is in the first 
instance due to the action of micro-organisms, but with the 
increase of temperature it gradually assumes a purely chemical 
character. The influence of living organisms appears to cease 
between 40'' and 50’ C,, after which the chemical action rapidly 
increases, 

BjERZ.tN. 

Meteorological Society, April to. — Dr. Vettin, President, 
in the chair. — Dr. Zenker communicated the second part of his 
research on the distribution of heat over the earth’s surface. In 
the first part, of which he had spoken at the last meeting of the 
Society, he had shown that the distribution of heat depends not 
only upon the radiation from the sun and absorption by the atmo- 
sphere, but additionally upon (he nature of the earth’s surface, 
whether it is land or water. In previous researches on the 
distribution of heat, the mean values were determined from and 
based upon empirical observation; Dr. Zenker, on the other 
hand, has calculated the distribution of heat over the surface of 
the sea with the help of Hann s isothermal charts, starting with 
the temperature of a point on its surface which was quite unin- 
fluenced by the neighbouring continents, and was consequently 
equally unaffected by any warm or cold current*. Using this 
factor, and the formulae deduced in the theoretical part of his 
paper, he has calculated the distribution of heat from the pole to 
the equator for each successive parallel, and compared it with the 
distribution of solar radiation. As a basis for the discribution 
of heat over the surface of the land, it was first neceasary to 
determine the conditions under which the Influence of the “e^h- 
bouring sea is cither nothing or minimal in amount. The 
starting-point for this was the fact that the temperatures on 
continents exhibit very great variations, and from these was 
determined for each area, as a percentage, the relative influences 
of the sea and continent upon its temperature. The region 
where the Influence of the sea was proved to be nil (or where, 
as the sp^ker said, the continentality ” was 100 per cent.) was 
in the neighbourhood of the east coast of Asia, whereas all other 
points were found to be affected by the neighbouring sea to a 
gt eater extent ; the observed temperature on the land was there- 
fore only partly dependent upon the position of the place on any 
given parallel, other influences making themselves more or less 
felt. Hence it was possible to calculate for each parallel the 
real and ** accessory ” temperature. The amount of heat radiated 
down from the sun was compared with these temperatures, and 
was found to be about the same for each 10® C. of difference 
in temperature; from o®-io*C., however, quite considerable 
differences of radiation were necessary. In conclusion, Dr, 
Zenker compared the temperatures which really exist on the 
earth’s surface with those which he had deduced, and found that 
in reality the climate on the sea of the southern hemisphere Is 
colder than it should be accordu^ to calculation— a result which 
must be attributed to the oceanic currents of cold water. The 
continental climate in the northern hemisphere is slightly too 
warm, in' consequence of the disturbance introduced by the Gulf 
Stream.— Lieutenant Moedebeok gave an account of a Imlloon 
journey which he made on March 31. The marked pheno- 
menon (luring the same was the influence of rWers t thus, after 
the balloon had risen to a height of 300-500 metreti, and was 
passing away over Berlin, itsamt so rapidly over the Sptne that 
when It was about 50 metres above the earth a large qmintjty of 
ballast had to be thrown out^ At an elevation e? fUeires i 


he met with a long nfcftow ralo’-cloud, in passing wyoh 

the dry-bulb tbermotneter registered i®*5 C., the wet^bolb 
an elevation of 1300-1400 metres, both titerWHMneterS teenrdfia 
the Fame temperature of C At this height, and in dreum* 
scribed areas, a few vetysmtdisemt-soflhailxtonesweie obBemd, 
Shortly after this the bdloon began to sink, and while still above 
the cloud, but at a lower level, somewhat larger but similar haft* 
stones were observed for the second time. As soon as the 
balloon had passed through the cloud, rain fitU for a short time, 
as the result of which the balloon was so weighted that it dc** 
scended rapidly to the earth. The atmosphere above the cloud 
was not clear but rather misty. 
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FLORA OF THE HA WAHAN ISLANDS. 

Ftffrm th$ HcgwaUm hlands; m Description of their 
Phanerogams and Vascular Cryptogams* By William 
HiUebnukd, M.D. Annotated and Published after the 
Author's death by W. F. Hillebrand. 8vo, pp. 673, 
with Frontispiece and Four Maps. (London : Williams 
and Norite, 1888.) 

T he Sandwich Islands, from a botanical point of 
view, are a group of peculiar interest. There are 
about a dozen of them, and they form an area of which 
the northern end fails just within the tropical zone, at a 
distance of 3000 miles from America, and separated from, 
it by a deep gulf. From the nearest points of Polynesia 
proper, the Marquesas Islands and Tahiti, they are 
distant i860 and 3190 milea. The largest island, Hawaii, 
is the most southern of the group. It has an area of 
about 5000 square miles, and its mountains, one of which 
is an active volcano, rise to a height of nearly 75,000 
feet. The other islands, all taken together, are not equal 
to more than half the area of Hawaii. The capital of 
the group, Honolulu, is situated on the south side of the 
small island of Oahu. The average annual temperature 
of Hmiolulu is 75° F., the general range of the thermo* 
meter being from 70° to Sj*", so that within an area about 
equid to that of Yorkshire we have every variation of 
temperature from equatorial heat to perpetual snow. 
Dr. Hlllebrand estimates the total dora of the islands 
(Phanerqgamia and Vascular Cryptogamia) at 999 species, 
representing 365 genera, and 99 orders. Of these 999 
species, 653 are absolutely restricted to the Sandwich 
Islands, 207 native species are known elsewhere, 24 
species were introduced by the natives in remote times, 
and 115 species are weeds of recent introduction. 
Leaving the introductions out of account, we have I 
therefore a native flora of 860 species, of which three out 
of four are endemic. A vegetation thus individualized 
makes the group one of the most interesting fields of study 
in the world. 

Dr. HiUebrand may be said to have devoted his life 
to the study of this question. He was born in West- 
frfuUia in rSai, and studied medicine at Gdttingen, 
Heidelbogr, and Berlin. After taking his degree, he 
settled down for a short time in practice in Germany, but 
his health soon broke down, and he sailed for Australia. 
Alter visiting the Philippine Islands and California, he 
made the Sandwich Islands his home, and his health 
became quite restored. He lived at Honolulu, mastered 
the taa^ui^jte, and practised his profession with great 
aaceess. He became private physician to the king, a 
mendbetof the Pnvy CouncU^ an active member of the 
Ibdatd of Health, and physician to the Queen’s Hospital 
abdiliie pt^clpal lunatic asylum. DurihgWenty years he 
deyeih^ hie Msure to srorfcing eul the botany of the 
IMpv tnd set^ ta^ and other 

M the islands in 187^ but 

various residents 
and whb sent hun farther 
' pit after "cemi^eting 
W Srork, which has 


been edited by.his son, who lives in America, and who 
has prefixed to it the introduction which was drawn up 
by Mr. Bcntham for our British colonial floras. His 
name is commemorated by the genus Hilkhrandiay 
which is the only representative of the Begomacem in 
Polynesia, and which was named after him by Prof. 
Oliver. The type specimens of Che present work have 
been presented to the Berlin Herbarium, and the Prus« 
sian Government has made a grant towards the expense 
of its publication. 

The book, which is dedicated to the HawaUan people, 
consists almost entirely of careful descriptions, in English, 
of the orders, genera, species, and varieties, that form 
the flora, accompanied by full details of their distribution 
through the different islands, and the sort of places in 
which they grow. Nearly all the native plants are trees, 
shrubs, or perennial herbs. Comparing the islands with 
one another, Dr. Hitlebrand's general view is that the 
flora of Kaui, the comparatively small north-eastern 
island of the group, is Che richest and most individualized, 
and that of the laige southern island of Hawaii, where 
the mountains rise the highest, is the most monotonous 
and least attractive. The total number of species here 
described as new is 180, but in some cases, as, for 
instance, by Mr. C. B. Clarke, in his Monograph of the 
Cyrtandraccic,” issued in 1 883, the publication of these 
has been anticipated, and the earlier names will have to 
be adopted. It is much to be regretted that the author 
did not live to work out fully his generalizations. A great 
deal has been written during the last few years on the 
general subject of plant-distribution, and in particular 
Wawra and Englcr in Germany, and in England 
Wallace in “ Island Life,” and Hemslcy in the “ Botany 
of the Challenger f have discussed the various points of 
interest connected with the flora of these islands. What 
is wanted now is that Dr. Hillebrand’s added facts 
should be compared together and summarized, and that 
the general conclusions which they establish should be 
carefully traced out 

The following is his outline of the zones of vegetation 
and their charactesistics : — 

** ( 1 ) The Lowland Zone* — Open country, grass-covered 
after the rains, with isolated clumps of trees, represented 
by Paritium tiliaceum^ Erythrina^ Re^oidsia^ Pan- 
danus* Capparis^ Gossyidumy Abuiilon incanunu This 
includes also the littoral zone. 

“ (2) The Lower Forest Zo/w.— Tropical in character, its 
upper limit between 1000 and 2000 feet above the sea. 
Its physiognomy is marked distinctly by Aleurites moluc- 
canoy the pale foliage of which, in contrast with the green 
colour around, attracts at once the eye of the beholder. 
The woods are rather open ; Zinziber Zerumbei covers 
the ground, Cordyliney Eugenia domesticay Zimiber 
Zerumbety and other species, are strictly confined to it. 
Pandanus odoratissimus and Paridum tiUaceum do not 
pass beyond it, but Freycinetia does. To its upper por- 
tion, but extending also into the lower part of the next 
zone, belong also most SapoiaceoBy Apocynacea* Gardenia^ 
Psy^oirtay Maboy most Urticaceafy Pisiniay ElaocarpuSy 
AurantiaceajBX^itdhm* 

" (3) Thimddk /J<wvnfZfl«z.-^Thislies within the region 
of clouds, and dev^ps the greatest luxuriance in trees 
and jungle. PiAea elxA Cl^roikHdkm are representative 
genera. The prevaiit^ trtta are indeed Metrodderos 
Mymorpha and Amcm tCoa; but, although they reach 
here their greatest devdopment in size smd number, they 
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are not confined to this zone, but ascend above and 
descend b^ow it. It is the home of all ^.utaceous and 
most Araliaceous trees, the ubiquitous V^^doncpa vwasa, 
Atphitania^ and Coprosma, The ferns luxuriate in it, and 
tree-ferns attain only here their full dimensions. Old 
trunks are wr^ipped in creeping ferns, mosses, and lichens. 
Here also the L&bdiaceay the peculiar pride of our flora, 
exhibit their most striking forms, invariably in isolated 
individuals. The upper limit of this zone may be drawn 
at an elevation of 5000 to 6oop feet. 

(4) The Upper Forest Zone , — This extends as high as 
8000 to 9000 feet, and is characterized by stunted trees, 
chiefly Sophora ckrysophytlas Cyathodes,, Myoporum^ 
arborescent Ratllcerdiety Wiksiromioe^ and Coprosma 
Menstiesi'i, Between them luxuriate shrubby Compost ta 
{Raillardia^ Dnbautia^ Camphylothecay and Artetnisic^y 
with strawberries, brambles, and Vacciniunt, Ferns are 
scarce, and mostly belong to widely spread species .Our 
shrubby Geraniums and silvery-leaved Argyroxipkium 
extend beyond this zone to the upper limit of vegetation, 
which on Mauna Kea may be placed at 11,000 feet. 
Santalum belongs to this zone and the upper levels of 
the last. 

“ (S) A place apart must be assigned to the bog flora of 
the high table-land of Kaui and the broad top of Mount 
Eeka, on West Maui. The turfy soil is covered with 
tussock-like Graminece and CyperaceeSy all endemic 
species, with Sphagnunty creeping forms of woody 
Metrosiderosy CyathodeSy Geraniuvty Lysitnachiay and a 
number of rare, mostly single, representatives of genera 
which have their home in the Antarctic regions, New 
Zealand, the Falkland Islands, and the Southern Andes.” 

As a whole the flora of the Sandwich Islands stands 
out remarkably isolated from those of the two nearest 
great botanical regions, Polynesia and Central America, 
and has curious aflinlties with those of Australia, North 
America, the north temperate zone of the Old World, the 
Mexican highlands, the Andes, and the Antarctic regions. 
The subject is well worth working out in the same 
thorough way in which Sir J. D. Hooker has dealt with 
the floras of Tasmania and New Zealand. 

Dr. Hlllebrand’s book is also valuable as a contribution 
to the study of varieties. In the Sandwich Islands we 
get a comparatively small number of species, that have 
lived for a long time in a country where there arc great 
variations in temperature and humidity and little inter- 
ference from man. In many of the endemic genera the 
species are very difficult to individualize, and he has 
named and characterized a great number of varieties. 
Altogether the book is of exceptional value, not only to 
the systematic botanist, but to all who are interested in 
the problems connected with the origin and distribution 
of ^cies. J. G, Baker. 


.student knows, has been almost surpriisingly 
ened and augmented during the thirty years which have 
elapsed since the publication of Darwin's great worit. It 
is, however, owing to the nature of the case, scattered 
and down various scientific periodicals, many of which 
are practically maccesstbJe to the genei^ public, so that 
both Its amount and its force are under^timated^ and 
the old objections are confidently reiterated by thaft itUl 
numerous class to whom Darwinism” is a bugbear, and 
the very name of ** evolution” an absolute abomination. 
As Prof. Heilprin states in his preface, ** There has not 
thus far appeared, to the knowledge of the author, any 
collective or consecutive statement of the evidence which 
geology and palaeontology present in support of organic 
transmutation ; ” so ** with the view of partially filling 
this gap in the literature of Darwinism, the author haa 
*prcpared, at the request of many of his friends, the fol- 
lowing pages, which represent, somewhat broadened, the 
substance of a Friday evening discourse delivered at the 
Academy of Natural Sciences of Philadelphia.” Thus 
this little book, while scientific in conception and method, 
is popular in style. While there is no attempt at an 
appeal to prejudices, scientific terminolc^ is as far 35 
may be avoided, and the illustrations appended enable 
any reader, with a very moderate knowledge of natural 
history and palaeontology, to comprehend the line of 
reasoning followed by the author. 

It is needless to add that he is a thorough going evo- 
lutionist, though, like his master, he is candid in admitting 
defects in the record, and transitions which as yet are 
merely hypothetical. In one case, however, he venturea 
on a statement which seems to us over bold : U is not 
my purpose to-night to discuss the status of evolution, 
which has long since passed from the realm of pure 
and simple theory, but to present to you such of the more 
salient facts bearing upon its proof, drawn from my own 
department of geology and p^aeontology, as will permit 
you to understand why the greater number of naturalists 
consider the doctrine as firmly established to day as is 
the Copcrnican theory of planetary revolution, the theory 
of gravitation, or the undulatory theory of light.” 

We cannot but think that, in making this confident 
assertion, Prof. Heilprin has exposed a joint in his har- 
ness to the arrows of his adversaries. In years to come, 
evolution, as stated by Darwin, may assume, probably 
will assume, the position of the above-named theories In 
physical science, but surely the evidence for it is yet 
either so complete or so conclusive as for them. iienfM 
it is unwise thus abruptly to exclude any possible modi- 
fication or supplement. In scientific argumentsit is beuer 
not to imiute the practices of political orators, but to mr, 
if at all, on the side of understating rather than of over- 
stating a conviction, and to impress by caution 
reasoning rather than to dazzle by rhetoric. 

This, however, is a matter of o^itinian : we p^8$ on to 
indicate briefly the line of argument followed by Prof. 
Heilprin. At the outset he calls attention to tw^ ims- 
conceptions relating to evolution which are widi^ 
lent, and ere cdten made the ground of assaults a|iq« 
hypothesis. These are ; that if the idstung foiii^ life 
could all be recovered, they would a 
chain, and that progressive modidee^ 

organic need be, or ind^d has ^ 


T//F GEOLOGICAL EVIDENCES OF 
EVOLUTION 

The Geological Evidences of Evolution. By Angelo 
Heilprin, Professor of Invertebrate Palieontology at 
the Academy of Natural Sciences of Philadelphia. 
{Philadelphia: Published by the Author, 1888.) 

F ew chapters in the “ Origin of Species ” arc more 
impressive, from their perfect candour and their 
far-sighted prescience, than those dealing with the ob- 
jections which might be urged agaipst the author's bypp- 
theais, on the ground of the comparatively small palseonto- 
logical evidence in its fevour. But this evidenoe, as every 
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advanc^^ Past and present organic life, as 
himself carefully pointed out, are combined, not 
in a continuous chain, ^t in a genealogical tree ; '‘evo- 
lution fOCognSies modldcatiOns in the most divergent 
difOCtiona, and the tree of life that it restores is not a 
straight stem growing from a continuous apical bud, but 
a ft^m, or possibly even a limited number of stems, 
branching in varying directions.*' Thus the progress 
among (ffganic beings is analogous to that in the develop- 
ment of civilization. The united world advances, whereas 
individual tribes or nations remain at a standstill, or even 
degenerate and decay. Such is precisely the history of 
the organic development of our planet : new and more 
complicated organic types are being continually evolved, 
but side by side with these forms we still meet with those 
of a lower grade of organization, while still others, 
belonging to the earlier periods of the world's history, 
have completely dropped out.*’ 

After a brief sketch of the first appearance of vertebrate 
life, Prof. Heilprin describes the relations of the fishes, the 
amphibians, and the reptiles, indicating the affinities of 
the first and second, which have led Prof. Huxley to treat 
them as sub-groups of a single division, the Ichthyopsida. 
In the structure of the heart, mode of breathing, and 
nature of circulation, the young frog agrees with a fish, 
while in these respects the mud> fishes {Ceratodus) agree 
with the amphibians. Now this link between these great 
groups exists in very early times, as the hypothesis would 
demand. " Dipterus and Its allies are fishes that belong 
to the Devonian period of time,” and Ceratodus itself was 
living in the Permian, and thus represents the oldest 
living vertebrate type known to naturalists.” The peculiar 
•tructure of the teeth of the labyrinthodonts, found also 
hi some of the earliest fishes, and still retained by the 
alligator-gar, is another link. Next, in regard to the date of 
the appearance of birds and mammals, which is sometimes 
regatded as rather anomalous, Prof. Heilprin points out 
that both the earliest birds and the earliest mammals 
have marked reptilian affinities, which in the former are 
very distinct, so that such forms as ArchcFopteryx and 
some of the early dentigerous birds on the one side, and 
€lxt Pterosauria tya the other, do much to link together 
the two claases. Further, the ancestry of the non-flying 
li^ds, such as Dinomis and its allies, may be traced 
with greatest probability to members of the Dinosanria, 
such as Iguanodon, Hadrosaurus, and Compsognathus. 
In like way the affinities of the monotremes with the 
rsptiks are pointed out, and attention is called to the 
s^tficant fact that " the earliest reptilian forms-^those 
of thh Permian period— are the only animals which possess 
idle mnarkable dental characters of the Mammalia.” 

In fbe second section of the book Prof. Heilprin deals 
mm tspeoiolly with the development of the Mammalia 
themselm, instancing the position occupied by the 
Eoeene between the now widdy divergent 

and /ns^cHpomt the relarionShips among the 
ctf the farmer, and of the latter to the lemurs, the 
pedigree of the horse, the hncestiy of the 
Remise Tinning of the horns of the 

hsdie early Oervines 
Miocene to the compfietted forms assumed 
ahd niOre tlmc^ Cm/dkdr 

tiio newly^isdeyered link between the 


Canada stag and the elk, also receives notice, as does the 
relation of the homocercal and heterocercal to the 
primitive diphycercal fishes. Attention is also called to 
the development of the brain in various vertebrates. 

In the third section the author glances at the question 
of the antiquity of man. In regard to some of the alleged 
evidence he exercises a wise scepticism, and states that 
up to the present time he has been unable " to find satis- 
factory proof of man's belongings having been found in 
deposits very much (if at all) older than the Post-Plio- 
cene,” though he thinks it not unlikely that such may 
ultimately be found. In connection with this subject he 
mentions some human vertebrae, mineralized by limonite, 
of unknown but evidently high antiquity, discovered by 
himself in Florida. 

Lastly, he calls attention to a class of evidence which 
the comparative persistency of conditions in certain parts 
of the United States has rendered accessible to American 
geologists — namely, the relation of living forms to their 
more immediate predecessors. Instances of this may be 
obtained in the sheltered regions of the Gulf of Mexico 
and in the comparatively modem rocks of the Florida 
peninsula. As examples, species of the genera Stromhus^ 
Voluta^ FulguTy and Melongena^ are figured, showing the 
gradual transition from an extinct to an existing species, 
and to these are added a group of Paludin® from the 
Middle Tertiary of Slavonia, illustrating successive varietal 
and specific forms. 

The book is attractively written, though we must 
venture to protest against* two instances of American- 
English ; “ The swift-footed animal . . . elevates the 
body so as to weight it principally upon the extremi- 
ties of the toes ; ” and “ the evidence is . . . but a 
mere Jrgment of that which pertains to zoology.” The 
first gains so little that brevity can hardly be pleaded as 
its excuse ; the second, unless a misprint, is worthy of 
Mrs. Malaprop. T. G. B. 

THE SHELL-COLLECTOR^S HAND-BOOK FOR 
THE FIELD. 

The Skell-Colleclor's Hand-book for the Fields By J- W. 

Williams, M.A., D.Sc. Small 8vo, pp, 148 (interleaved). 

(London : Roper and Drowley, 1888.) 

H andy books for collectors, whether of birds, beasts, 
fishes, mollusks, or other organisms, are always 
most acceptable when well put together and carefully 
contrived, even if they be not original. 'Fhe present little 
book might at first sight lay claim to having fulfilled all 
these conditions. It is sm^l enough for the pocket, and 
the type is clear and legible ; but when we enter upon the 
work itself, alas ! we do not find our dream of a typical 
collector’s hand-book realized by any means. Chapter L 
"The Anatomy of a Snail,” and Chapter IL "The 
Anatomy of a Fresh- water Mussel,” should have 
been altogether omitted. They are not cleverly com- 
piled, they are sadly full of mistakes, and these too 
clearly betray the fact that the author himself Is not 
familiar with MoUistCk ft*om an anatomical point of view, 
but rather has got: sidijeCt after the style of “ Cousin 

CratnehUd.” Tkui, tKe mttmr of the shell (says Dr. 
Williams), intirdy in the pmosiracum or 

dermit. We woidd advM the learned author to try and 
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remove the epidermis from a snail-shell and observe the 
result* 

, The lip or aperture of a snaiPs shell is not generally 
called the p^iritreme but the peristome. The lines of 
growth in a stairs shell are not “ arranged concentrically 
with the HudeusJ^ ^though this is the case with the 
growth-lines in bivalves. 

We fail to understand how the operculum of a snail 
“differs from the true shell in having more conckiolin 
entering into its composition.^’ Surely the author meant i 
to say less conckiolin and more chitine f * i 

The epiphragm^ or layer of hardened mucus, sometimes | 
strengthened with carbonate of lime, closing the aperture j 
of the shell of land-snails during hibernation is called 
here also the clausilium f (p. 5). The description of the | 
odontophore with its radula and jaws (pp. 6 and 7) is very 1 
inaccurately rendered, and in copying Prof. Lankester the 
author has carefully also quoted a mis-statement as to | 
the formula of the teeth. 

The eggs of snails are said by the author to be “ laid 
in a string, which is called the nidamental ribbon^ or 
inclosed in horny capsules.*^ This is true of sea-snails, 
such as the whelks {Fus^us^ Buccinum^ &c.), but it is not 
the case in land-snails, of which Dr. Williams is dis- 
coursing. In these the eggs are separate and protected 
by a shell, which is sometimes membranous and flexible) 
at others calcareous and brittle, while those of the fresh- 
water species are deposited in small glairy masses of soft 
transparent jelly-like consistence. 

Turning from the snail to the fresh- water mussel (Chapter 
II.), the author, in describing the animal of the latter, 
appears to have made a mistake similar to that which he 
has made with regard to the garden snail : not knowing 
his subject well, he has in fact described a siphonated 
Mya^ when he fondly imagined he was writing about a 
non-siphonaled Unio or Anodon. 

Turning to the species enumerated by the author, we 
regret to observe that here the discrimination of the 
expert is alike wanting. For txSimp\Qf'Anodonta anatina, 
Linn., figures as a good species, whereas it is merely a 
variety of A. cygttea^ Linn. It seems rather absurd to give 
in a shell-colicctoris hand-book such shells as Pkysa acuta^ 
Drap., “Hab. In one of the lily-tanks in Kew Gardens, 
imported ” (p, 72) ; Bulimus Goodalliiy Miller (intro- 
duced into a green-house with exotic plants) ; Vertigo 
tumida, Westerlund, another “casual”; P. dilatatus^ 
Gould, in the canals around Manchester, “introduced 
from America in cotton bales.” If these are admitted, 
why omit Clausilia parvula and C solida^ also “ casuals/* 
which appear both in Sowerb/s last edition, and in 
Gwyn Jeffreys, v. 161-62 ? 

Far too much prominence is given to worthless varieties 
of the common snail Helix aspersa^ such as minor, 
maxima, albida, and sinistrorsum, &c. ; but, having put 
them in, why should the author omit such a one as 
Unto Hmidus var. ponderosa f Many of the genera, 
too, need revision to be brought up to date. Thus, 
Achatinaadcula^oy^^ be Cacilianellaacicula; Bulimus 
acutus should be Helix (Cochlice/la) acuia ; Zonites should 
htPiyalinia. By the way, is omitted 

altogether, although known for years. 

Tbe habiuts of many of the species are badly given. 
Thus, Testacelia Afaugei is said to be found in gardens 


and fields, wherea$ it has been met wiOt in the 
hood of Bristol, whence it lias BpmA to a few 
localities. 

Why are the thf^ known localities for V^iigo nuntHki- 
siana (p. 129) omitted P-^ltchcn Valley, near OttetheWMS ^ 
near Hitchin ; and near ttye-House, Her^s. Other qiiiie 
local species are recorded as if they occurred everys^ere, 
as Helix pisana and H, obvoluta, &c. 

A few woodcuts are insetted, but they are very popr 
and not accurately drawn. TesimcHla Miotidea is 
reversed. 

The minute characters of the shells, $0 tiseful in many 
instances in the field, are omitted. The book is inter* 
leaved, which doubles its thickness for field-work, and we 
at first wondered why so much plain paper was added. 
It has since occurred to us that the author bad the con- 
venience of the reviewer in his mind’s eye, and we must 
say we found the blank pages most useful in correcting 
the text as we turned over the leaves. 

Is it too much to hope that the author may be 
able to give some attention to the living land and fresh- 
water Mollusca before he brings out a new edition of his 
handy shell-collector’s manual, and so avoid those pit- 
falls into which he who compiles unskilfully and without 
practical acquaintance with his subject is sure to slip ? 


OUR BOOK SHELF. 

A Text’-book of Biology. By J, R. Ainsworth Davit, 
B.A., Lecturer on Biology in the University of Wales, 
Aberystwith. (London : Griffin and Co , 1888.) 

This is one of a class of books which the system of 
examining the whole world on a limited schedule, drawn 
up by a Board of disinterested philanthropists, is bound to 
produce. It will delight the misguided student whose 
sole desire is “to get through” with the least know« 
ledge possible, and will disgust every competent teachen 
Mr. Davis is in error in stating that his book supplies a 
gap in literature. The little text-book by Prof.„ Lloyd 
Morgan is on the same lines, and appears to us to be far 
less objectionable, inasmuch a$ it is, though of smaller 
dimensions, a more genuine exposition of the priiici{des 
of the subject, less of a cram-book than the present work, 
and written with maturcr judgment and literary jpower- 
Thc only way to prevent the study of biology, as directed 
by the University of London, from sinking into a wortUmts 
exercise of memory applied to the contents of such Hitfe 
books as this by Mr. Davis, is to change the animals Md 
lants enumerated in the schedule every three yeam* 
'his, however, would hardly suit the ubiqilfuOtts aspimi^s 
to a degree for whom alone the Imperial Uatvenilty 
arranges its curriculum. Nor would it suit My. Jpavis 
and other more distinguished authors of regu|atio2t 
books. The fact is that genuine education in biolGgy as 
a science, and the influence of personal contact and 
association with an active investigator and dfscovenfr as 
teacher and friend, are destroyed by the Imperial syttto 
of schedule and examination ; and their place is 
! weary grinding at little bopks written by teatftm 
authorl^,and too often ignorant as well as 
Mr. Davis has borrowed a number of 
to illustrate hb book, which is nothing mog* 
a strictly limited, and in minor j^nts aa 
d«tcriptim«f ttie^^types ium«d in tbe •oKndtAi-aC.IlM, 
Univeraity of Loiidoa. Tlie neir fifoMf fttellp[|Loadt|lto 
short general introduction is not iilof% WKMOW m 
eironeotts, the account of ftotooiatm aittf flifi tijmar 
statement Cdiffeteh^betweM^n^a^anW^ 
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ih$ (hoi^gi^al Survey qf New Zealand. • 

finite of an indesc to the ReportB of the Geolc^c^ 
Survey of New Zealand* ft^m t866 to 1885 inclusive, 
enalto us to see at a glance how laige an amount of 
viOaal^ jnatetial has b^o accumulated hy the staff of 
this Survey, under its accomplished and energetic Direc- 
torj Sir James Keeton Several editions of the useful 
Mok^cal map of the colony have appeared, the latest 
qateef 1B85 ; and the volumes containing the yearly 
iwports of progress are now eighteen in number. Mono* 
spraj^s on the palaeontology of New Zealand are stated to 
be m preparation, and there are, besides these, museum 


and laboratory reports, meteorological returns, and mis- 
celianeous publications The difficulties felt in correlating 
the strata of so isolated an area as New Zealand with the 
rocks of other districts must always be very great, and 
it is therefore not surprising to find that warm and ani- 
mated discussions are taking place among the different 
geologists of the colony as to the and relations of 
some of the fossUiferous deposits. We may feel assured 
that the solution of these questions will be fraught with 
important results having a direct bearing upon some of 
the most difficult problems that now confront geologists. 

First Lessons in Geometry, For the Use of Technical^ 

Middle* and High Schools, By B. Hanumanta Rau, 

£.A. (Vepery : Printed at the S.P.C.K. Press, 1888.) 

TBIS is a second edition, revised and enlarged, of a very 
good book for those who are beginning the study of geo- 
metry. Much stress is laid all through on the construe* 
tion and careful drawing of the figures, and great pains 
seem to have been taken by the author to make his 
meaning as dear as possible by means of simple ex- 
amples, thereby inducing the reader not to learn the 
piwositions hy heart. 

The volume is well arranged as regards the order of the 
subjects, and teachers, as well as taught, will find in it a 
good amount of useful information. 


LETTERS TO THE EDITOR. 

{ 7 ( 1 # Editor does not hold himself rtspomihU for opinions 
oxentsed iy kis correspondents. Neiiker can he under- 
take to return, or to correspond with the writers of, 
r^teJ memssscripts intended for this or any other part 
of NATuaa. No notice is taken of anonymom communi- 
cations.} 

Dissemination of Plants by Birds. 

1 VUtLY agree with Dr, Guppy that birds may have effected 
much motre m the disidbution of plants than is generally ad- 
mitted, and I think it is most desirable that hTs sitggestion 
respecting the examination of the contents of the crops of birds 
shot at sea in high southem latitudes should be carried out. At 
the same time 1 am of opinion that his explanation of the prob- 
able odgin of the vegetation of the distant islands in the South 
Athmtle and South Indian Oceans is insufficient to account for 
the endemic element, unless we suppose a former belt of vegeta- 
^nn tn a lil)|her latitude than these islands, which is now extinct. 
Amundiig W existence of such a belt of vegetation at some 


endng w existence of such a belt of vegetation at some 
lete period, it would not be difficult to ex^ain the relation- 


ehto between the floras of Amenoa and Australasia, os well 
in these islands of plants not known to exist 

Frfmid^ dntiseorkttfica, the Kerguelen cabbage, is the most 
^gyan umte of the endemic plants. As a genus, it is as well 
** ^ majority of the genera of the Cnicifeim ; 
mV wiiat fi^ it has no near ally in the southern 

behm most nearly leleied to the northern genus 
^a Aqwii, dsfiMng from it more in habit of growth than many 
jMetand peealfaiity; it la one of t^oommonest plants in the 
Prince Idhynd^honp to the Macdonald Group, and 

os Is known, confined to 
Mqp^pn 4 Km< la mie ^ the dsgeaded types of the Catyo- 


phyllesE^Pelycarpese, and nearly related to the Andine genus 
PycnopkyllwH, and the North Mexican genus Cerdia. 

To my mind there are other difiicalties in the way of such a 
derivation of this insular vegetation as that suggested by Dr. 
Guppy, but I will not enter into them here, as it would occupy 
too much space. W, Bottino Hemsley. 

On the Reappearance of Pallas’s Sand Grouse 

{SyrrhapUs paradoxus) in Burope- 

This bird suddenly reappeared at the eiul of April of this year 
at dii!ferent localities of Central Europe, tK>t having mlmted so 
far since 1863. A. R. Wallace, in his important work, ** The 
Geographi|^ Distribution of Animals,’' publish^ in 1876, 
figured this sand grouse among the characteristic birds of Mon- 
golia (vol. i. p. 2X6, plate 3), and remarks:— “A curious 
bird, whose native country seems to be the high plains of 
Northern Asia, but which often abounds near Pekin, and in 
1863 astonished European ornithologists by appearing in con- 
siderable numbers in Central and Western Europe, in every 
part of Great Britain, and even in Ireland.” Vol* ii. p. 337, 
the same author says in the work quoted: — **Syrrhaptcs nor- 
mally inhabits Tartary, Thibet, and Mongolia to the country 
around Pekin, and occasionally visits Eastern Europe. But a 
few years back {1863) great numbers suddenly appeared in 
Europe, and extended westward to the shores of the Atlantic, 
while some even reached Ireland and the Faroes.” 

Mr. Wallace, speaking here of the geographical distribution 
of SyrrhapUs^ has in view the two species of the genus, 
vis. S. paradoxus, Pallas, from Tartary and Mongolia, and 
S. tibetanus, Gould, from Thibet ; whereas in the following 
sentence, treating of the extraordinary migration, only S. para- 
doxus appears to be meant. At least I am not aware that the 
second species has ever been observed in Europe. 

Two years later not one bird of those that immigrated in 1863 
appears to have been observed again here ; they may have di^ 
or been cruelly killed, or may have retumea to their native 
steppes. No special notice having been taken of their move- 
ments, we did not learn the raason of that uncommon migration, 
nor the rapidity of their wandering, nor whether they returned 
to Asia or not. 

The reappearance of the sand grouse in large flocks, con- 
sisting apparently of innumerable individuals, now gives us the 
opportunity of watching their movements in detail. This should 
be done everywhere, and for this reason I communicate the fol- 
lowing notes, comprising all that 1 have learned till to-day 
about it. 1 am sure that many more observations will have 
been made in these days, and perhaps those who can add some- 
thing to the following list will do so through the columns of 
Nature. Observers should especially try to find out whether 
there are specimens of S. tibetanus among them. 

April 21, Plock, Poland. On the same day specimens on the 
River Pilica, near Radom, and in the market of 
Warsaw, Poland. 

„ 24, at 5 p.m., near Pima, Saxony. 

,, 25-26, in the n^ht, near Leipzig, Saxony, 

,, 26, Kalisch, Poland. 

»i 27, 3 p.m., near Grossenhain, Saxony; on the same day 
several flocks there. 

„ 27, 4 p.m., near Pima, Saxony. 

„ 27, Brandenburg, Prussia. 

„ 27, Elbing, Prussia. 

„ 27, near Leipzig, Saxony. 

„ 28, near Leipzig, Saxony. 

„ 28, Kuchelb^, Silesia. 

„ 28, Czerwinsk, Poland. 

„ 28, Warseba, Poland. 

„ 29, Cemowitz, Bohemia. 

On the last days of April near Gdig^my, Transylvania, and near 
Konigstein, Saxony. 

May 1, near Grossenhain, Saxony. 

„ t, LiobschUtx, Saxony. 

„ I, Niedertolbriick, Sileaia. 

„ 2, Ratsebuig, HoUtein. 

ft 3^3* fo the night, near Grossenhain, Saxony, 

„ 3 , near GrosaanhaiD, Saxony. 

„ ^ near BauUdk, Saxony. 

„ near Sehneebexg, S«ccmy» 

„ 3, near Fj^edebatg, Sile^ 

„ ^ near Omsaenhidh, Saxony ; several flocks. 
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Mfiy: 5 ,. 4 «.i!n.| n«ar QrossttohdUf Saxony, 
n 5, labnd of Riigan, on the Baltic. 

near 'Fraibeigr Saxony* 
ti 6i^aittr KimigateUi, Saxony* 

,, 6, war Ken£bui%f HoBteio. 

,, 7» RekheoAu, Saxony. 

yy 7, near ^klin, Brandenburg, Prussia. 

,, 7, Palczyn^ Pos^cn, Prossia. 

,, 7, near Leipzig, Saxony. 

A. B. Mever. 

Koval Zoological Museum, Dresden, May 12. 


** Coral Formations.” , 

In ft recent paper read before the Koyal Society of Edinbuqjh, 

I have pointed out the importance of taking into consideration 
the molecular condition of carbonate of lime in relation to its 
solubility in sea water. 

The (tabulated) results of an exhaustive series of tests (see 
Nature, voI. wxvii. p 605) show in a striking manner this 
difference between the crystalline (or massive) and the 
amorplious conditions of that body. 

In Table TI. the amount of caibonnte of lime taken up by sea- 
w^atcr from decomposing shell -fish is shown to be very great, the 
clear newly filicrcd solution giving 0*384 grammes per litre I 
(other determinations since made giving still higher results) ; I 
this is due no doubt to the formation of carbonic acid, the result ! 
of the oxidation of the organic matter in the putrefying mass. 

The clear (foul-smelling) liquid on standing exposed to the air 
rapidly decomposes, ammoniacal salts being formed j and a great 
portion of the amorphous carbonate of lime which was dissolved 
during the first stages of putrefaction is thrown out of solution 
and deposited in a crystalline and practically nearly insoluble 
form. 

This may be due to the lo.s< of carbonic acid, or its com- 
bination with ammonia, produced during decomix)sition of 
nitrogenous organic matter ; or to the well-known action certain 
salts of ammonia (especially the carbonate) exert in degrading 
the solubility of carbonate of lime in water ; but the result so 
produced, 1 think, meets all the objections Mr. T, Mellard 
Rcadc brings forward against the solution theory, which is Dr, 
Murray’s explanation of the formation of coral lagoons. 

Again, when a clear saturated solution of amorphous carbonate 
of lime in seawater (see Table I F., a and />) is allowed to stand for 
a few hours at ordinary temperatures, the solution becomes 
turbid and ultimately throws out in a crystalline condition a 
considerable proportion of the carbonate of lime it held in 
solution. 

Dr. Murray, in a paper on *' Structure, Origin, and Distribu- 
tion of Coral Reefs, &c.,” read before the Royal Institution, 
London, on March 16, refers to this cliange of condition as 
follows ; — 

“The whole of ^ coral reef is permeated with sea water like a 
sponge ; as this sea-water is but slowly changed in the interior 
parts it becomes saturated, and a deposition of crystalline car- 
bonate of lime frequently takes place among the interstices of the 
corals and coral debris.*^ 

These facts seem to me quite sufficient to account for the 
formation of coral lagoons by the more rapid solution of the 
amorphous form of carbonate of lime, found in dead and decom- 
posing corals. At the same time other deposits are preserved 
from wholesale solution by the change in the molecular condition 
which carbonate of lime undergoes,-— always the after result of 
sofution. 

I n^eed not here refer to other influences at work in maintain- 
ing the balance of absorption and secretion of lime salts in the 
ocean, because I consider the difTcrence in solubilUy of various 
forms which carbonate of lime assumes equally accounts for the 
^mation of lagoons and the preservation of coral reefs and shell 
beds or banks. Robert Irvine. 

Royston, Oranton, Edinburgh, May 14. 


Aurora BoroaUa. 

borealis was visible here on Sunday night. May 6. 
We have difficulty m identifying it in this neighbourkoJid with^ 
out spectroscopic aid, because the lights of Liverpool and its 
suburbs extend over the eastern horizon, and the^y to the 
north-east and north is filled with a ^ow from Bortle and 


shy was not- to bo mistaken } and boCm a a 

curved bluioh^white bemn-^-lwp mVant aides a wl 

brighter rounded an^o of about 70 *— ^shbt up from tbe 
apex coming first, and attalnSpg a hei^t of oO^ the stdUS , - 

being about 1* broad ; the extremities df the sides, i * 
toucbii^the horizon in the north-north-west and south-sow* 
east. This beautiful beam remained a few seconds, ^len w«l|t 
as it came, the apex disappearing last* The general pncnomeiMia 
seemed to Increase in bri^aess, but sub^uent bbseevirtipas 
show that it could not then be satisfiietorily diatingsiahnd froui 
the early dawn and reflected lights. L. J. 

Rock Ferry, May n. 

Weight and Mass. 

Ths of a body is the quantity which Is measured out 
by the operation of To a body it Is pla^ tn 

*one of the scales of a balance, and equilibrated by staadaid 
weigk/s formed of lumps of metal called pounds, hundred- 
weights, tons, &C.J or kilogrammes in the metric systiem ; and 
the sum of these weights is {pace Mr. R. £. Baynes) called the 
tveighi of the body* 

The mathematician may now call this quantity, if he UbeSr 
the mass of the body ; but the world at large uses the word 
weighty with the advantage of having the corresponding 
“ to weigh," which the suV>stantivc ** mass " doe* not possess t 
we arc not yet accustomed to speak of a body ** massing "100 
tons. The numerous circumlocutions to express one sin^e idea 
in Prof. MacGregor’s examples arise from the want of the vbrb 
**to mass." 

The ’'extraordinary and peculiar " language is, then, that of 
the elementary text-bwks of Mechanics, which tell us th^t the 
weight of a body is the force with which it is attracted by 
earth (Lodge, Elementary Mechanics," p. 66). 

It is true, as Sir Philip Magnus points out in his " Mechanics/' 

§ 46, that the word 7 veight is made to do double duty, somedipcs 
standing for force and sometimes for mass ; and that these two 
significations must be carefully distinguxhed. 

But the "ordinary he or she" would no more accept the 
"pull or heft required to lift a body" as a correct measure of 
the weight, than the Red Indian of to-day would accept the 
we^ht of the Hudson Bay factor’s fiat as one pound. 

The theorist must then exert his ingenuity to invent a new 
word to express the force idea, to associate with the word masSy 
already invented by him ; but to attempt to restrict the meoAi^ 
of the word weight in a manner not usual in ordinary language 
can only lead to confusion. In any engineering, chemical, ot 
ordinary journal we shall always find weight used in the sense 
of meusy as defined in the text-books of elementary dynamics ; 
and even in these treatises we shall find in the parts on Statics 
the word weight used in its ordinary sense. For instance, on 
p. 196 of Dr. Lodge’s " Mechanics" we find, Ex. 10, "A moss 
of wood (sp. gr. 0*6) is counterpoised by t05 correct gramhl^ 
of iron (sp. gr. rs) ; find the mass of the wood (or its 
weight in vacuo) f 

Sometimes it is not possible to employ the balance to eitk»^ 
the weight (or mass) of a body ; as, for instance, when, ^ 
chemUt evolves a certain we^hi of hydrogen in a chornkM) 
bination, when the artillerist speaks of a gun weigJi^fig 1 1.0^^ 
I tons, and when the astronomer the earth» -^in OttiCb 

1 cases the weight or mass, whichever it is colled, is cajcul^ded V 
the product of the volume and the density t detttmUia ^ 
example the wekht of 1000 cubic feet of steeh The W 
(or moss M) is then found theoretically from the fomnla vV {or 
M) 5= pV, but r^ly practically from the formnU W ^ 
where W or M is given in pounds, when V U given 4 a mfrdio 
feet, and p Ss then called the density, and s the speemi 
(the densitjf relative to water)y and it is the specific gravity for 
which tables are given ; but In the metric system m 

pV = jV, n^re W pr M is given ingtammes, when V isgiifwi 
m cu^c cmtthnetiresi and the density p, and the 

cdlldd tht U the imii. p tho dA&ibjF. MHl'i' 
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iiere derfrad £t^in thft «qttatloA W » ^g, the 
aU coohpion in Dynamics and It is gtatlfying to ^nd 
/mom MeadehhaU that ft cnuade against it is in progmts in 
America. 

It is. naedlesc to repeat here the objections against this 
laqaatloni but it is easy to see bow it arose, 

MaUumatidsms now meastirc mass in pounds, so that the mass 
of ft body is the number of pounds of matter in the body {tk^ 
fcwi^riii the vernacular) ; ana the equation W = means that 
the ft^igbt of M pounds is M/ p^odals, accoroing to their 
definitbn that 'Hhe weight of a b^y is the force with which it 
k attracted by the earth^* ; but this was not so originally. 

&iT|y writers on Dynamics, before Gauu invented the absolute 
unit of force, always employed the statical gravitational unit, 
and then if a weight of W pounds was acted on by a force of 

P pounds, the equation of linear motion was = P. 

g i 

♦ W 

To avoid the necessity ot writing and prbting — • it was 

replaced by the letter M, and called the mass \ the unit of mass 
being thus ^pounds. But now the invariable quantity, the mas«, 
is measured in terms of a variable unit, while the variable unit 
of force is the attraction of the earth on a i -pound weight. 

Although such words as *'a force equal to the weight of the 
mass of lo pound weights do not occur in Prof. MacGregor’s 
book, they are strictly derived from his own delinitiotis ; and so 
is the following, “ the weight of 32 pound weights on the Earth 
is at the surface of Jupiter a force of 71 pounds’ webht.” I 
bring forward these illustrations lo show that the fine dktinction 
between “ 10 pound weights and ** 10 pounds’ weight " is not 
workalde ; ana to show that the addition of the word 7 ueighi to 
pounds does not convey the idea of font in ordinary language, 
and is not clear even in the language of the precisionists. 

Nor can the equation p = g^% in Hydrostatics be defended, as 
capable of expressing a pressure in pounds on the square foot 
(or more commonly on the square inch) ; for, if Prof. MacGregor 
applies this equation to a numerical example, he will find himself 
dmding by^ m one operation, only to multiply by in the next. 
The unreal character of these changes of units is apparent when 
we cme to numerical examples ; the defect of our dynamical 
teaching is that the student is so rarely brought before a practical 
numerical illustration on a large scale. 

, The rest of Prof. MacGregor’s remarks I must answer very 
briefly, for fear of occupying too much space. 

The kilometn a as aesigned to be the centesimal minute of 
latitude, to replace the ^gt^phical or sta which is the 
veKogesimal minute of latituae ; the quadrant of the earth is there* 
fore 10,000 kilometres, or loP centimetres, and 90 x 60 = 5400 


geographical or sea miles. 
Tne cosmopolitan unit o 


The cosmopolitan unit of speed at sea is the knoi^ which is a 
wiocitjf of one geogra(^tcal mile an hour ; if 10 knots, spaced 
about 50 feet apart, pass over the taffrail in half a minute, the 
vessel is said to be going 10 kno^s. All civilized nations 
measure speed at sea in knots, in French ftofu</s, German k noton, 
Duteh knoopm, Italian nodi, Spanish ntutos, Sec. In precision 
knots an hour is on a par with atfnosphms per square inch. 

It is unfortunate that we have not yet reached uniformity in 
the use of the words elongation and extension. The French | 
treats, and our practical writers, Ronlctne, Unwin, &c., use 
and extension, pressure and compression, to denote 
eimple longitudinal stresses and their corresponding straliie ; the 
fhtio df Unsim to extension; or odpressmr to emnpression, being 
the moMm oj Haetieipp, llik^vscriiidloxi ia tenninology must be 
ejlkkAt by fbileie a^ Kart Peanon. 

eebehikioti, iphakkit on of engineers and practical 
1 bett/o that, the tTftfttment of tnt subjects of weight, 
ordinary text-books of Mechanics is by 
iMfb^eahs or satkfisetory, and rMttires caeefol revision. 

" A- G. GaEftNuiLL, 


.|p Mtv ot sptecijk gnipityho accepted, 

iMn eotiAkfon, mln»dy serfons enoten, in the minds of beginners 
% between mm end wilt be mtseb inoeased. 

9n>m the best and deaemt ^dmtens of dmd& tmd s/ee^ 
those m and Sbaw^ ** Praotioal 

WW?*” P- These dimon- 

In tMiw ebd i|Nic|.TBid a ^n« nuibber, 

TMiaie nw niany ndroiknges^ ei a ratio, 


and not the least among them is that the numbers in tables of 
specific gravities are independent of any system of units, while 
in a table of quantities having dimensions the numbers given 
depend on the system of units used. Thus the density of platinum 
would have to be given in an English table os 134375 pounds, 
or in a metrical table as 31*5 grammes^ Ag^n we should lose 
the very useful analogies between the definitions of density and 
thermal capacity and specific gmtHiy and specific heat, to which 
I I drew attention in a letter to Natitrb, vol. xxxiii. ^ 391. 

Prof. Carey Foster seems to think it would be useful to 
have a table telling us the force with which unit volume of any 
b^y is attracted towards the earth, and that this should l>e 
called a table of absolute specific gravities. But 1 fail to see 
any advantage in this, for it Is adding a totally new definition to 
be remen^reil, and one which would certainly create con- 
fusion in a beginner’s mind ; and the objection applies to this, that 
the numbeTR given would depend on the system of units us^, to 
say nothing of the value of gravity at the place for which the 
table was calculated. Supposing even that the latter were 
ignored, It is not more troublesome to convert, with ihe aid ol 
the known weight of unit volume of water, the specific ^avity 
of any material into the weight of a given volume of it, than to 
convert a number given in one system of units into the numbe’* 
representing it in the system we may happen to be using, 

if we are to take Mr, Cummii^’s definition as he expresses it, 

I would submit that a pound avoirdupois is a quantity of matter 
and not a force ; and to say that the specific gravity of water is 
62*5 pounds avoirdupois is simply taking the density of water 
and calling it specific gravity. Pace Mr. Grccnhill and the 
engineers it is hard enough to eradicate the notion that the 
quantity of stuff In a bod/ and the force with which it is pulled 
towards the earth arc one and the same without having the task 
made more difficult by our definitions. 

50 City Road, E.C. Harry M. Elder. 

The Comiah Blown Sands. 

In the description of the raised sea beach at Newquay, which 
Sir Henry De la Beche has given In his “ Survey of Devon and 
Cornwall,” he makes no reference to a curious feature observable 
in a part of the beach, and to which I should like to direct 
attention, with a view to obtaining some explanation of the Cause 
of its formation. As far n$ I know, the appearance is only to 
be found at one spot, on what is known as Luile Fistrel, to the 
westward of the town. It consists of a number of cylinders of 
indurated sand, separated from each other by thin walls, often 
only an inch or two thick, and forming the base of the cliff or 
bank, which is perhaps 10 or 15 feet high at the place. These 
cylinders rest upon abed of rock (argillaceous slate ?), which runs 
down from the bottom of the bank to the sea in a series of 
shelving ledges. The cylinders, which are locally known as 
Pixie Holes, weather out from the bank,. but unfortunately few or 
none of them are now to be seen in a perfect state, their walls 
having been broken d>wn by people scrambling up the bank, and 
also by quarrying operations, which I learn have recently been 
carried on close by. 1 am told that formerly the cylinders were 
very perfect, and often of laigc site ; I myself have seen them, 
fifteen or sixteen years ago, staudiqg up like little towers along the 
base of the cliff, and I have often sheltered myself perfectly from 
a shower of rain by standing In one and covering myself with my 
umbrella. I have recently had a photograph taken of the best 
group to he found, and a c<w of this, together with a piece of 
the wall of one of the cylinders, is with Mr. Goodchlld, of the 
Geological Survey, Jermyn Street, who will show it to anyone 
interested in the matter; the srxe of one of the cylinders 
photographed is 51 inches deep and afij; inches in diameter. 

R. H. Curtis. 

[The sand in question is well known to geologists as an 
example of blown Und ag^utinated into a compact stone by car- 
Wate of lime derived from the solution of calcareous organisms, 
which here on the surface consist largely of land-snaiS. The 
tubular cavities are no doubt due to the removal of the calcareous 
cement by percolating water, and are thus of the same nature as 
the pot-holes in chalk, asnl the cavernous holes and tunnels in 
hard limestone.-* ED,] 

in Iron CradvlctOTa. 

Mr. SuMPlint qtmtos (Nature, May to, p; »), in support of 
the idea that itop cxwfMctors may have k» self-induction than 
copper ones of tm same ditbemiotia, a suggestion of mine that 
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far very feeble mstguetlrltig forces, iron oSAy be dUmsgnetic 
Ulmi sittfiefltioo confessedly speculative i ils basis was the 
i^lon that the Weber- A.mi>^re eleotro-magnetlo molecules suffer 
ifemeth^g akin tb static fnction when the process of magnetisa- 
tihn ittempUlto bring them into aligament. Since it was thrown 
MU Rayleigh has proved that the susceptibility of iron is 
eO^ant, and has a felrly high positive value, for magnetic forces 
ranging from op3 to 0*04 C.G.S. downwards. Below the 
lowest force he has investigated, it is still conceivable that there 
may be a change in the susceptibility, but it is extremely im- 
probable. In all likelihood, Lord Rayleigh’s straight line in 
the curve of B and II or of I and 11 extends back to the ofigin. 
Ibis at least is certain, that if there is any region at the begin- 
ning of magnetization within which the permeability is less than 
unity, or even no more than unity, it must be $0 infiaitesiinally 
narrow that its existence has no practical interest. Kor such 
magnetic forces os act on a lightning-conductor when a dis- 
charge is passing* iron is, beyond any question, strongly paramag- 
netic, and the s^f-induction with the iron conductor consequently 
greater than with the copper. J. A. Ewing. 

Dundee, May w. 

Hotea on the Reproduction of Rudimentary Toes in 
Greyhounds. 

At the present writing, I have under my observation a fine 
male, light clay-coloured, smooth haired greyhound, which at 
certain intervals well illustrates the reproduction of the rudiment- 
ary digits of its feet, after they have l>een accidentally amputated. 
To-day this dog has growing on the inner aspects of both its 
fere and hind icet, and situated some 9 centimetres above the 
soles, on each limb, a str^g rudimentary toe. If we choose, 
say, this toe on the right hind foot as an example of them all, we 
find it to be loosely attached, rather more than a centimetre 
long to the base of the claw, which latter is large and strong, 
powerfully curved, and fully as big as any of the claws on the 
foot phalanges. I further find that thiatoe has a well-marked pad 
on its under side, but careful examination fails to detect any 
bone in the proximal joint, from which I also infer that the 
ungual phalanx likewise lacks one, though this is not so easily 
determined without cutting through the horny theca forming the 
claw. About four months ago this dog was coursing hares over the 
prairie of this region, which chances to be overgrown with a 
stiff growth of sage-brush, about 2 feet to 3 feet high. The wiry 
stems of this plant, os the dog bounded among them, snipped off 
all four of these rudimentary digits, close down to the leg in each 
case, as nicely as though it hail been done with a knife, leaving, 
linear wounds about half a centimetre long. Now, instead of 
the Ups of these wounds healing across, as one would naturally 
suppo.se they would, they immediately form the bo-sis, in each 
case, for the growth of another rudimentary clawed toe, fully as 
perfect os the one which originally sprang from the same site. 
These subsequent growths take about three months to attain 
their full size again, when they are very likely to be removed by 
a similar process, and once more grow out as before, and so on 
indefinitely, 

From several points of view, this case, as occurring in a 
vertebrate so high in the scale as a do^, has interested me 
very much indeed, and I further find that it is no uncommon thing 
to meet with greyhounds that have never possessed these rudi- 
mentary pollices and halluces, and it is fair to presume that in 
this race they are gradually disappearing. 

R. W. SHUFKI.DT. 

Fort Wingate, New Mexico, March aS. 

Dreams. 

In discussing the differences between dreams and real life, 
Schopenhauer expresses the opinion that the distinction between 
these two activities of our representative power consists merely 
in the possibility of the representations of real life being con- 
nected in an uninterrupted successive scries, while dreams 
reaemble the separate of a book torn asunder, and put 

tc^etber again in complete confusion. Some personal observa- 
tions of my own do not quite agree with this view. I have 
watched my dreams for some years, and have remarked that 
many of them kre connected with one another in separate series. 
Itii^pcns to me very often chat my dreams consist of a series 
of re^nesentadons logically develops (akboa^h sometimes the 
logic IS absurd) from other series of representations dreamed long 


before. It would be Interesting to know tf W W 

observed anything of thfe kitid. ^ 

Oostkamaiogorsk* Western Siberia, ApHlo* ; f ' > 


^'AnugoAiesn/^ 

Mr. Collins (Nattjrr, May 3, 7) dain» #at,MrV 

Herbert Spencer anticipated Sir Wm. Grove and Prolf 
in the expression of the idea of an^oigirniim. 1 i^liirk thiw 
priority to all of them must be given to the mithdr^bf Ecc^ 
siasticus in the Apocrypha, who says (chap, xlii:,' verse <4)1 
“All things are double, one against the other. Hejiath maoO 
nothing imperfect." THONtAa "WoOBS. 

jParsonstown, May 13. 


S[/GGESTIOJVS ON THE CLASSIFICATION OF 
THE VARIOUS SPECIES OF HEAVENLY 
BODIES} 

V. 

Classification into Species. 

are now in a position to apply all that has gone 
before In a suromarised statement of the various 
spectral changes^ including those connected with hydrogen, 
which take place not only in these oMects studied by 
Dun^r, but in those others to which 1 have referred as 
forming the true beginning of the group. 

The following statement, however, must not be taken 
as anything else than a first approximation to the real 
criteria of specific differences. I am convinced that 
further thought is required on it, and that such further 
thought will be well repaid. 

The Sequence of the Various Bands In the Spectra of the 
Elements indicated by Bodies of the Group. 

In comparing the spectrum of an element which has 
been mapped in the laboratory with the absorption bands 
in the sp^trum of a “ star," we need only consider those 
bands and flutings which stand out prominently and are 
the first to flash out when there is only a small quantity 
present. Thus^ in the flame spectrum of barium there is 
an almost continuous background of flutings with a few 
brighter bands in the green, and it is only important to 
consider the bands., as the flutings would mainly produce 
a general dimming of the continuous ^ectrum. In 
order to show at a glance what portions of the sp^trum 
of an element it is most important for us to consider in 
this discussion, I have reconstructed the map of low- 
temperature spectra which I gave in my previoua paper, 
with reference to those elements which are indic^tj^ 
in the spectra of bodies of Group 11 . Five orders 6f 
intensities are represented, the longest lines, flutings, or 
bands being the brightest. The lines, flutings, or bands 
in the lowest horizon, in the case of c^ch eiemeot, ate 
those which are seen at. the lowest temperature, i^Whkh^ 
are the first to appear when only a quality ojt 
substance is present. Those in the upper horfeonk am 
the faintest, and are only sben when the tempemtm tk 
increased, or a considerable amount of ^ li 

volatilized. The map shows If them Ulty 
tions of magnesium, for instance, in bddi^ 0 
peratures, the fluting at 500 will be seen, pos^bily ; 
out the other flutings or lines. The first ^ , 

manganese will be the fluting at 358^ and so on. 
on account of the masking effect of the spectrum m 
element upcm that of another, we may sometifttes 
clement indicated in a star spectrum, not by the bt^htelA V 
band or fluting in its spectrum, but by the scfcoiid or lMe 
third in brightness ; this, df ooursk^ Only occurs ^ 
darkest band falls on one of the tol|[f^eiit fi 

*Tlw Bakarira aeJivwM at Hk Royal 

J. Hdratian Lockyor, F,R.S. Cootinaed ftaoi p. 39. 
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Fio. 8 .— Map showing the lines, bonds, and flutings seen in the spectra of the elements which are indicated in bodies of Group II. The map is intended to show 
also the rtWive intensities of the different lines, bands, and flutings, the lines, &c., seen in the lowest horixon being those seen at the lowest temperature. 
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Fio, ahowlng th« offarti MtlalloM H width of the ffutUys of carbon upoo int«rrt»d sp«tm of carbon rad^n* Md maffnesium a^ 

lOanganaae absoiption, as tbeiy Oetur in ^crant speciea of b^ies rf Omup Ii, The carbon radlatbn alone would give bright h^s, while ^ 
aoserptUm abne w^d give dl^ onesi but if the bright and daA bands iUl In the ttflM rulonsof the apectruin, the £uutt will be enfeabM 
vadtadon, enfeebled absorption, or iw 7 , aooording to the retadve qiMUtmiet of radiating and abaw^ suhetanoes present. Thus, in species a, the 
magnesiuas ff utlng at 500 ts.maiked hr the carbon flntling at 5r7» ^ the quantity of carbon dlminuhest it apfMars as an absorptioa band. 
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carboDi or upon a dark band in the spectrum of some 
other element. In the former case the dark band will be 
cancelled or masked ; in the latter case the two 
absorptions will be added together, and form a darker 
band of a different shape. 

Ths Quisfion of Masking. 

If we consider the masking effects of the bright carbon 
Datings upon the absorption spectrum of each of the 
elements which, according to the results obtained, enter 
into the formation of Dundr^s bands, we have the follow- 
ing as the main results ; — 

Magnesium* — There are two flutings of magnesium to 
be considered, the brightest at 500 and the other at 5201. 
In the earlier stages of Dundr’s stars only the fainter one 
at 5201 is visible, but the absence of the brightest at 500 
is accounted for by the masking effect of the bright carbon 
fluting starting at 5/7. As the carbon fades, the sty 
fluting narrows and the absorption of magnesium 500 
becomes evident. 

Manganese. — The two chief flutings of manganese are 
at 558 and 586, the former being the brightest fluting in 
the spectrum. The second fluting is seen in all of Dundr’s 
stars. The first fluting, 558, however, does not appear 
as an absorption fluting until the radiation fluting of 
carbon starting at 564 has narrowed sufficiently to unmask 
it. It is thus easy to understand why, in some stars, there 
should be the second fluting of manganese without the 
first, ' 

Barium. — The spectrum of barium consists of a set of ! 
flutings extending the whole length of the spectrum, and i 
standing out on this as a background are three bright , 
bands ; the brightebi band is at 515, the second is at 525, j 
and the third, a broader band, is about 485, The second ! 
band is recorded as an absorption band in 1) undr’s stars, | 
the apparent absence of the first band being due to the ! 
masking effect of the bright carbon at 517. The third 1 
band at 485 probably forms a portion of band 9. A j 
fourth band, at 533, and the three brightest flutings at 
602, 635, and 648 are also seen in a Ononis. 

Lead. — The brightest fluting of lead is at 546. This 
first appears in species 5, as a result of increased tem- 
perature, and not on account of the removal of any 
previous mask. The second fluting of lead, at 568, also 
appears in two cases. 

Chromium.— The flutings of chromium do not form 
portions of the ten principal bands of Dundr, but the 
brightest arc seen in a Orion is. The brightest fluting is 
at 580, and this forms band 1. ; the second, at 557, is 
masked by the manganese fluting at 558, and the third at 
536 is seen as line 2. The chromium triplet about 520, 
which is visible in the bunsen, is seen as line 3. 

Bismuth. — The brightest fluting of bismuth is at 620, 
the second is at 571, the third at 602, and the fourth is 
at 646, The first is masked by the iron fluting at 61 5, the 
second is probably seen in n Orionisas band II. (570-577). 

The points 1 consider as most fimly established are 
the masking effects of the bright carbon flutings and the 
possibility of the demonstration of the existence of some 
of the flutings in the spectrum by this means, if there 
were no other. There are two chief cases, the masking 
of the nebula ” fluting 500 by the bright carbon fluting 
with its brightest, less refrangible edge at 517, and that of 
the strongest fluting of Ma « Mn(i) 558, by the other with 
brightest edge at 564. I have little doubt that in some 
oaarters my anxiety not to be content to refer to the second 
fluting of Mn without being able to explain the absence 
of the first one, will be considered thrown away, as it is so 
easy to ascribe any non-uadecstood and therefore " ab- 
mntnal ” spectrum to unknown physical laws ; but when 
a special research had shown me that at all temperatures 
at which the flutings of manganese are seen at all, the one 
at ts8 retained its supremacy, I felt myself quite justi- 
fied in ascribing its absence in species 1-4 to the cause I 


have assigned, the more especially as the Mg 
which is visible even in the nebula followed suit. 

The Characterisius of the Various Sfiecin* " 

1 append the following remarks and references to the 
number of the bodies in Dun(Sr*s catalogue, in which the 
specific diflerences come out most strongly, to theHifasfliMr 
statement. 1 also refer to some difficulties. 

Sp. I. The characteristic here is the almost obmetary 
condition. All three bright carbon flutings genera% seen 
in comets are visible ; 474 standing out beyond the end 
of the dull blue continuous spectrum of the mett^ites, 516 
masking Mg 500, and 564 masking Mn(i) 556. tlie bai^s 
visible in the spectra of bodies belonmng to this species 
will therefore be Mnf2) 586, and Mg(2) 521 ; band 9 will 
be so wide and pale that it would most likely escape dc* 
tcction. It is very doubtful whether any of the oodles 
the spectra of which have hitherto been recorded can be 
classed in this species, but laboratory work assuredly 
points to their existence ; it will therefore be extremely in- 
teresting if future observations result in their discovery. 
It is possible, however, that No. 150 of Dun^r’s list belongs 
to this species, but the details are insufficient to say with 
certainty. His description is as follows:-— 150. IJ me 
parait y avoir une bande ^troite dans le rouge, et une plus 
large dans le vert’^ (p. 55). 

Sp. 2. Characteristics : appearance of Fe. The number 
of bands now visible is three — namely, 2, 3, and 7* The 
iron comes out as a result of the increased tempera- 
ture. Mg(i) and Mn(i) are still masked by the bright 
carbon flutings, and there is still insufficient luminosity 
to make the apparent absorption band 9 dark enough to 
be noticed. 

Sp. 3. Characteristics : appearance of Mg 5C0, which 
has previously been masked by the carbon bright flut- 
ii^g 517* ^ And 7 are now the darkest bands in the 
spectrum, 37. 

Sp. 4. Characteristics : appearance of Pb(T) 546, />. 
band 5. This, if present in the earlier species at all, 
would be masked by the bright carbon at 564. , 

Sp. 5. Characteristics: Mn^i) is now unmasked. The 
bands now visible are 2, 3, 4, 5, 7, and 8, the two latter 
still Veing the widest and darkest, because they are 
essentially low-temperature phenomena. 

Sp. 6. Characteristic : band 6, />. Ba(2), 525, is now 
added. The first band of Ba at 515 is mask^ by the 
bright carbon at 5 1 7. The bands now visiblci^ 1-B, y 
and 8 still being widest and darkest. They will all be 
pretty wide, and they will be dark because the continuoua 
spectrum will be foebly developed. 

Sp. 7. Characteristics ; appearance of band 9. This, 
which has been already specially referred to, has been too 
wide and pale to be observed in the earlier species. U<| 
present appearance is due to the narrowing and brightSi^ 
ing of the carbon at 474 and the brightening of 
tinuous spectrum, the result being a gresetet cqiitraat. 
Hands 7 and 8 still retain their supremacy, but at( tiW' 
bands will be moderately wide and dark, 

Sp. 8. Characteristics; all the bands 2-9 arw niKmS 
prominent, so that 7 and 8 have almost lost the^ 
supresnacy, * > 

Sp. 9. Characteristic: appearance of band T* 
origin of which has not yet been detemrined. Alt™> 
bands are well seen, and are moderately wide and , 
Sp. 10. Charact^stics ; aj^iearance of band zo, oMf 
in some cases u. These become visible on account of 
the brightening of the carbon B fluting and the hydro- 
carbon fluting at 431. The spectrum is now at its greatest 
beauty, and is discontinuous. 

Sp. II. Characteristics; the bands are now bteomim 
wider, and 2 and 3 are gaining in suprerttacy ; 7 and 1 
become narrower on account of the increased 
ttire. 1 and 10 are only occasionally seen in this 
species. 
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12* Cbamcteristics : with the expansion of the becoming wider and paler, while 2 and 3 still gain in> 
continuous spectrum towards the blue, band 9 becomes supremacy. 

very nanow, and cannot be observea with certainty. Sp. 13. Charaaeristics ; 9 has now entirely disap- 
The otlier hands, with the exception of 7 and S, are peared, 2 and 3 still retaining their supremacy. 


M.1 


i/ 









PiCi slwwlnf the epectra of the varioui specief of the bodies of Group II. » and the probable orisin of the bands. The carbon flutings are widest in 

the nmt ipechesr and gradually narrow until, in the last species, only a trace of 5x7 remains. The length of the continuoui spectrum gradually 
tncrcaMt as the carbon Butlngs narrow. The carbon B* fluting, and the hydrocarbon fluting are only seen m species 8 to la. 

14. Characteristics : all the bands are pale and group, 2 and 3 now alone remain visible : they are wide, 
narrow ; 3 and 3 wilt still be darkest, but the difference but feeble, as the continuous spectrum which has been 

will be so great as in the species preceding. rapidly dcvclopmg during the htst changes is now 

$p. 15* CharfvcteristlcB : in ordinary memWs of this strong. 







TABLE A.— Specific Differenxes in Group II. 
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THE ROYAL SOCIETY CONVERSAZIO^B. 

first convtrsasione of the season if as held On 
A May 9, and was very numerousty attended. More 
pains than ever seemed to have been bestowed on the 
arrangements, and the results entirely justified them. As 
the carefully prepared programme covers eighteen closdy 
printed pages, we can only give a very summer account 
of the most important demonstrations and exhibits. 

Following recent precedents, the meeting-room was de- 
voted to demonstrations by means of the electric lantern, 
the following being given : image of electric spark, by 
Dr. Marcct ; Mr. Pouiton’s teeth of Omithorhynchus, by 
Dr. Hickson; Forth Bridge, by Mr. Baker; collieries, 
by Mr- Sopwith. 

The chief exhibits in the other rooms were as follow : — 

Experiments on the optical demonstration of electrical 
stress, shown by Prof, A. W. Rucker, F.R.S., and Mr. 
C. V. Boys. These experiments are similar to those de- 
vised by Dr. Kerr, the arrangements being modified so as 
to render them suitable for exhibition in public. Con- 
ductors of various forms are immersed in bisulphide of 
carbon and placed between crossed Nicol prisms. When 
the conductors are oppositely electrified the medium is 
thrown into a state of stress, and the light which bad been ex- 
tinguished by the analyzing prism is restored. The various 
forms of conductors employed are — parallel cylinders, 
concentric cylinders, parallel planes, a plane and cylinder, 
and plates bent so as to represent a section of a Leyden 
jar- Many of the phenomena exhibited by crystals 
in plane polarized light are imitated — e,g, the black 
cross and the production of colours similar to those in 
Newton’s rings. A bright field can be maintained by the 
introduction of a plate of selenite between the Nicols, in 
which case the electrical stress is indicated by change of 
colour. 

Large electrical influence machine, exhibited by Mr. 
James Wimshurst. It has twelve disks of 2 feet 6 inches 
in diameter ; each disk carries sixteen metal sectors. The 
machine is self-exciting in any condition of atmosphere. 
It shows large and perfect brush discharge at its terminals. 
With Leyden jars it will give sparks 13! inches in length. 

Photographs of flashes of lightning, exhibited by the 
Royal Meteorological Society, 

Radio-micrometer, exhibited by Mr. C. V. Boys. TTiis 
is probably the most delicate instrument for measuring 
radiant heat yet made. It consists of a circuit made of 
antimony, bismuth, and copper hung by an exceedingly 
fine fibre of quartz in a strong magnetic field. A s^e 
model of the circuit, twenty times the size or 8000 times 
the weight, shows the construction of the suspended part 
of the instrument The fibre, if magnified to the same 
extent, would still be finer than spun glass. The propor- 
tions of the several parts are those which have been 
found by calculation (confirmed by experiment) tb give 
the greatest possible delicacy. 

Experiments with soap-bubbles, also shown by Mr. 
Boys. These experiments arc arranged to show chiefly 
the power of an air- film to prevent two bubbles firom 
coming into real contact. Thus, among other experi- 
ments, the outer of two bubbles may be pulled out until 
it squeezes the inner one into a long oval, but no real 
contact takes place. An inner bubble filled with gas ufill 
carry up an outer one to which are attached a wire ring 
and other things without really touching it at all A 
bubble will roll down a spiral groove, also made of soap* 

I film, or jump one or two steps at a time down a spiral 
I staircase made of soap-film, without touching the spiral 
film or being injured in the least. Some the experl* 
ments show the effects of difiasion, of vibration, of mag-^ 
netism, or of electricity upon bubbles or groups of bubbrn 

and diagrams illustrative of the recent work of 
the Geological Survey in the North-West Highlands, 

^ exhibited by the Director-General of H.M. Geological 
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Purvey. The mapsj on the scale of 6 inches to a mile, 
show the remarkable geological structure of the west of 
Sutherland. A series of enormous dislocations runs in a 
^utheriy direction from the mouth of Loch Eriboll to 
Skye. By these disruptions the most ancient rocks 
have been torn up from great depths, and have 
bMn launched bodily westwards, sometimes for several 
miles. The displaced masses now rest upon other shifted 
portions or upon wholly undisturbed rocks, and the ex- 
traordinary structure is presented of vertical and highly 
inclined strata, with their unconformable junctions stand- | 
ing upon gently inclined and much younger rocks. The 
diagrams arc taken across some of the more typical parts 
of the district, and give some idea of the physical prob- 
lems presented by this region, which undoubtedly ex- 
hibits the most complicated geological structure in the 
British Isles. 

Sections and specimens illustrating the recent borings 
in the Delta of the Nile, exhibited by Prof. j. W. Judd, 
F.R.S., on behalf of the Delta Committee, The whole of 
the samples obtained in these borings have now reached 
the Royal Society, and the examination of the materials 
reveals some facts of great geological interest. The 
alterations and mixtures of blown sand and Nile alluvium 
were found to continue down to the depth of 121 feet from 
the surface and 95 feet below the level of the Mediter- 
ranean. At that depth a remarkable change in the 
deposits took place, and beds of gravel containing both 
pebbles and subangular fragments of quartzite, chert, 
compact limestone, with some mctainorphic and igneous 
rocks, were found ; and similar beds occur at intervals 
down to the greatest depth reached. Up to the present 
•time no contemporaneous organic remains have been 
found in these deposits. 

Fossil plants from Ardtun in Mull, exhibited by Mr. J. 
Starkie Gardner. These plants are from a small patch of 
limestone beneath the gravels and silts of an old river 
course sealed up in the great trap flows of Western 
Scotland. The limestone is rather below the leaf-bed 
found at Ardtun by the Duke of Argyll, and directly 
overhangs the sea, the cliffs beneath being columnar and 
worn into caverns. The plants were until recently 
believed to be Miocene, but are now recognized to be 
very low down in the Eocene— recent writings of 
Sir W. Dawson and the Marquis de Saporta. The same 
plants ranged over Greenland and North America during 
the Tertiary, perhaps not synchronously, and an allied 
flora seems to exist at the present day in China and 
Japan. 

Photographs illustrating experiments in mountain- 
building, exhibited by Mr. Henry M. Cadell, H.M. 
Geological Survey of Scotland. These have already 
been referred to in Nature. 

Set of thermometers specially constructed by Casclla 
for use by Mr. Symons in determining the present tem- 

E erature of the mineral springs in the Pyrenees, exhibited 
y Mr. G. J, Symons, F.R.S. ; and Immisch^s avitreous 
thermometer, constructed for the above investigation. This 
thermometer is absolutely perfect, its verification at Kew, 
before and after its use in the Pyrenees, being o'^-o at all 
points from 50* to 130®. 

An apparatus for determining the hardness of metals or 
other substances, exhibited by Mr. Thomas Turner. 

Robertson’s writing telegraph, exhibited by Mr. John 
M. Richards. 

A Coulomb-meter, exhibited by Prof. George Forbes, 
F.R.S. This consists essentially of a conductor of iron wire 
in the form of a spiral, or a double ring with cross wires. 
Above the conductor a set of vanes is pivoted. This con- 
sists of a circular disk of mica with a hole in the centre in 
which is fixed a paper cone carrying at its apex a pinion 
with a ctmcentric ruby cun. Round the circumference of 
l^e mica disk eight small cylinders of pith are fixed at 
equal distances, and eight vanes inclined at 45^ to the mica 


disk are attached to the pith cylinders, these vanes being 
made of the thinnest mica. This set of vanes is supported 
by the ruby cup resting on a steel point fixed to the base 
of the instrument. The pinion engages with the first wheel 
of a train of wheel work actuating the indexes, which show 
dials the number of revolutions made bjr the vanes. 
The action of the instrument is very simple. The electric 
current passing through the iron conductor creates heat, 
which sets up a convection current in the air, and this 
causes the vanes to rotate about the vertical axis and 
drive the clockwork. The number of revolutions indicated 
on the dials is, through a considerable range of currents, 
an exaqt indication of the number of coulombs or 
ampere-hours which have passedth rough the conductor. 
The friction of the ruby cup on the pivot determines 
the smallest current which can be accurately measured, 
and the friction of the clockwork is barely perceptible. 
The resistance of a meter to read from 1 ampere upwards 
is 0 02 ohm. 

Electrical translucent balloon for flashing signals by 
night, invented and exhibited by Mr. Eric Stuart Bruce. 

The new iridio* platinum incandescent gas-burner 
(Lewis and Sellon’s patents), exhibited by Messrs. 
Johnson, Matthey, and Co. 

Apparatus for measuring the changes produced by 
magnetization in the dimensions of rods and rings of iron 
and other metals, exhibited by Mr. Shelford Bidwell, 
F.R.S. The instrument exhibited is capable of measur- 
ing changes of length to a millionth of a millimetre 
or a twenty-five-millionth of an inch. An iron rod when 
magnetized becomes (as is well known) at first slightly 
lengthened. But if the magnetizing force is sufficiently 
increased it again contracts, and ultimately becomes 
actually shorter than when unmagnetized. A colfaU rod 
contracts under magnetization, reaching a minimum 
length in a field of about 500 C.(LS. units, beyond which 
point it becomes longer. A nich^/ rod also contracts ; the 
limit of its contraction not having been reached with the 
greatest magnetizing forces yet used. Bismuth is slightly 
elongated in intense fields. (See Proc, Roy. Soc., vol. xliii., 
1888, p. 406.) 

Experiments illustrating low-temperature spectra, in 
connection with the spectra of meteorites, shown by 
Mr. J. Norman Lockyer, F.R.S. 

Skeleton of an Akka, a Negro tribe from Central 
Africa, the smallest known race of men. (Height exactly 
4 feet.) Sent by Dr. Emin Pasha for the British Museum, 
and exhibited by Prof. Flower, C.B., F.R.S. 

Charts showing lines of equal values of the magnetic 
elements (epoch 1 880) — declination or variation, inclina- 
tion or dip, horizontal force (British units), vertical force 
(British units) — exhibited by Staff-Commander E. W. 
Creak, R.N., F.R.S. From the original charts at the 
Admiralty, compiled by Staff-Commander E. VV. Creak, 
and prepared in their present form for the “ Report on 
the Magnetical Results obtained in H.M.S. Challenger 
in the concluding volume of the “Voyage of H.M.S. 
Challenger^ The small maps show — (i) The track of 
H.M.S. Challenger where magnetic observations were 
made. (2) The approximate distribution of the secular 
change in the declination or variation (epoch 1840-80), 

Photographs of the polar axis of a 5-foot telescope, 
December 1887, January 1888, exhibited by Mr. A. A. 
Common, F.R.S. 

Sir William Thomson’s models of or froth con- 
sisting of equal bubbles, exhibited by Pr^* G. H. Darwin, 
F.R.S. Each bubble is a curvilinear founwn-faced space. 
If a single bubble be dissected from the mass, it is found 
to be derived from the regular octahedron (two square 
pyramids base to base) by truncating the six solid angles. 
Thus the eight faces of the octahedron give rise to eight 
curvilinear hexagons, and the six stflid angles to six solid 
curvilinear squares. In the foam three films meet at I30 
at each edge, and of the three which meet two are hexa- 
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gons and one is a square. (Sec FAt'l, Mag.j vol xxiv., 
1887, p. 503.) 

Model of nuximum pressure anemometer, designed by 
Mr. Whipple, Superintendent of Kew Ob9er\'atory, ex- 
hibited by the Kew Committee. In this instrument eight 
small metal di^s, each of o‘oi foot in area, are supported 
vertically against the wind by levers weighted in accord- 
ance with the various pressures of the wind on Beaufort’s, 
or some other accepted scale of force. A vane keeps 
their surfaces normal to the wind’s direction. By their 
displacement the maximum wind pressure during any 
desired period is registered. The large perforated disk 
against which they are pressed serves the purpose of 
removing the indicating disks beyond the action of the 
eddies of the wind playing round the edges of the plate. 

Specimens of gold showing the effect of small quantities 
of impurity on the fracture of the metal, exhibited by Mr. 
W. C. RobertB-Austen, K.R.8. 

Miners’ electric safct>'-lamps, exhibited by the Schan- 
schieff Electric Light and Power Company. (1) A three- 
cell lamp capalilc of giving lA candle-power for 9 hours. 
Each cell contains 5 fluid ounces of solution, and con- 
sumes 2 pound of zinc in 48 hours. The light is more 
than four times more powerful than that of the Clanny 
oil lamp, and its working cost is 5^/. per shift of 9 hours, 
or 3}^. per week, 'J’he weight when fully charged is 
about pounds. The elements consist of carbon and 
zinc, and the excitant is a mercurial solution of Mr. 
Schanschieff’s invention. (2 and 3) Four-cell batteries, 
one round and one square. Each cell contains 5 fluid 
ounces of solution, and at a cost of j//. fiirmshes a light of 
nearly 2 candle-power for 9 hours. The weight when 
fully charged is pounds. (4) A four-cell reversible 
battery, i.e. put in or out of action by reversing it. The 
charge consists of 24 ounces of solution, and giving a light 
of 2 candle-power will burn from ro to J2 hours at a cost 
of id. The batteries can be used for many purposes 
other than mining-lamps, viz. for microscopical purposes, 
house-lighting, photography, diving, railway-lighting, gun- 
firing, gas-works, 


THE ZOOLOGICAL SOCIETY OF AMSTERDAM. 

'T'HE celebration of the jubilee of the Zoological 
-*• Society of Amsterdam i^Natura Ariis Magtstra), 
on Tuesday and Wednesday, May i and 2, passed off 
with great hint. Dr. Wcsiennan, who has been Director 
of the Gardens for more than fifty years, may well be 
congratulated on the success of the jubilee fites; and 
the vigour with which he spoke at the banquet on May l, 
and again at the distribution of honours on Wednes- 
day, shows that his eighty years sit lightly upon him. 
One of the most interesting features <)f the jubilee 
commemoration was the performance of a festival 
cantata, specially composed for the occasion by Mr. De 
Langa, and this had to be repeated on Thursday 
for the benefit of half the members of the Society, for 
whose accommodation the enormous concert-room proved 
insufficient on the opening day. All the streets in the 
vicinity of the Zoological Gardens were gaily decorated 
with flags, and the rooms of the Society were ornamented 
in the day-time by a mass of gorgeous flowers and at 
night with brilliant illuminations. After the reception of 
the guests by the Committee on Tuesday morning, an 
adjournment was made to the King’s Saloon, which was 
densely crowded, to hear an address from Prof. Stockvis. 
Luncheon followed, and then the cantata was given in 
the concert hall, and in the afternoon the new EthnO'^ 
graphical Museum was formally opened. The excellent 
way in which the collections had been arranged was 
generally remarked, and the Curator, Mr. Pleyte, was 
warmly congratulated. The public spirit which charac- 
terizes modern Amsterdam will doubtless soon cause this 


new Museum to become famous, as there is a vast; Md 
for research among the Netherlaad possessions in the 
East Indies. At the banquet in the evening, covers were 
laid for nearly 200 persons, and after the usual toasts, the 
health of the Queen of England was drunk by the 
assembled company with the ^eatest enthusiasm, and 
was responded to by Mr. BowdJer Sharpe, of the British 
Museum, who spoke in English, and took the opportunity 
of thanking the Dutch nation for the hospitality which he 
and his countrymen always received from the Nether- 
landers, to which he could testify from an experience of 
over twenty years. Speeches were also given by the 
Ministers of Finance and of the Interior, the Burgomaster 
of Amsterdam, and others ; and the company then 
adjourned to witness a torchlight procession of students, 
who sent a deputation of their Senate to congratulate the 
venerable Director and the Committee of the Society., 
The young President of the Students’ Senate, Mr. Van 
Schevichaven, made a most eloouent address, and was. 
enthusiastically received. On Wednesday, May 2, a 
special reception of the Committee was held to confer 
diplomas on the new honorary members, and Prof. 
Hubrecht, of LUrecht, Dr. Jentink, the Director of the 
Royal Museum of Natural History at Leyden, and Mr. 
Biiuikofer, of the same Museum, were the first recipients ; 
being followed by Mr. A. D. Bartlett, the Superintendent 
of our Zoological Gardens in the Regent's Park, and Mr. 
Bowdler .Sharpe. Amongst those who were unable 
to be present, but to whom the honorary membership 
of the Society was given, were Prof. Flowers, Dr. 
A. B. Meyer, &c- The large bronze medal of the Socie^ 
was conferred on Mr. Charles Jamrach and Mr. u. 
A. Frank for services rendered in the formation of 
zoological collections, as well as on several other well- 
known zoologists. Mr. Jansen, the Librarian of the 
Society, and Mr. F. E. Blaauw, the Secretary, also received 
medals and diplomas. The latter gentleman has a large 
private menagerie, and is an enthusiastic supporter of the 
Society. Simultaneously with the festival celebration, 
the Society has issued a jubilee number of its B^jdragen 
ioi de Dierkunde.^ containing several important memoirs, 
of which the following is a list (i) The opening address 
of Prof. Stockvis. (2) Mr. Maitland’s review of the 
Society and its work, with a plan of the Gardens. (3) 
An account of the aquarium with 2 plates, by Dr. C. 
Kcrbeit, the Curator. (4) A list of all the animals 
which have lived in the Gardens from 1838 to 1888 by Mr. 
K. N. Swierstra. (5) A list of the birds of the Nether- 
lands, by Mr. H. Kollcr, with an enumeration of the 
specimens in the Society’s collection. (6) Descriptiosiot 
a new species of Froechtdna {P. viihstssvna) and an 
account of Cams juhata^ by Prof. Max Weber ; this article 
is illustrated by 2 plates, (7) A list of the Macrolepido^ 
ptera of Holland, by Dr. J. T. Oudemans. The Gardens 
of the Society seemed to be m flourishing condition, and 
the collections of Cranes and Antelopes were as remark- 
able as ever. 


NOTES. 

The ceremony at Utrecht on May a8 to celebrate the seventieth 
birthday of Prof. Donders, and his consequent retirement from 
his Professorship, will comprise a formal presentation, at 1.30 p.m., 
of the sum collected, together with the roll of subscribers, and 
a public dinner at 5.30 p.m. After the ceremony of pre^ 
senlation the Professor will name the scienlific purpose to w^ch 
he proposes that the fund shall be applied/ The complete lul 
of sub^ribers from thU country is to be seen in onr advcrtisiitg 
columns on page xviii. Any subscriber may verify the amomit 
of his subscription by applying to Mr. Brailey, 1 1 Old EorUi^ton 
Street, where the audited list may be seen. The total amount 
eoBected here sSo I fr. lOdT. Prof. Humphryi Dr. HttghBogs 
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Jickson, Mr. Hutchinsort, and Mr. Brailey have been invited to 
attend as delegates to represent the subscribers, and it is hoped 
that many others may be able to attend, and by their presence 
do honour to Prof. Donders. 

The meeting of the National Academy of Sciences, lately 
held at Washington, seems to have been remarkably successful. 
According to Scutui, the most important pa|>er3 read at the 
meeting were, the orbits of aerolites, by Prof. H. A. Newton ; 
preliminary notice of the object, methods, and results of a 
systematic study of the action of definitely related chemical 
compounds upon animals, by Profs. Wolcott Gibbs and Uobart 
Amory Hare ; and report of progress in spectrum photography, 
and note on the spectrum of carbon and its existence in the sun, 
by Prof, H. A. Rowland. Prof, Newton, in his paper, sub- 
mitted the two following propositions : — (i) The meteorites 
which we have in oiir collections, and which have been seen to 
fall, were originally (as a class, and with a very small number of 
exceptions) moving about the sun in orbits that had inclinations 
to the ecliptic of less than 90® ; that is, their motions in the solar 
system were direct and not retrograde. (2) The reason why we 
have only this class of stones in our collections is not a reason 
wholly, or even mainly, dependent on the habits of men; nor 
on the times when men arc* out of doors ; nor on the places 
where men live ; nor on any other principle of selection acting 
at or after the arrival of the stones at the ground. Either the 
stones which are moving across the earth’s 01 bit in the solar 
system move in general in direct orbits, or else, for some reason, 
the stones which have retrograde orbits do not in general come 
through the air to the ground in solid form. 

Two gold medals were presented at this meeting : the 
Lawrence Smith gold medal to Prof. Newlon for his study of 
meteors ; the Henry Draper gold medal to Prof, E. C. Pickering 
for researches in stellar photography. On the evening on which 
these presentations were made the following obituary memoirs 
were read : on the late Prof. Henry Draper, of New York, by 
Prof. G. F. Barker, of the University of Pennsylvania; on 
Prof. Walson, of the University of Michigan, by Prof. Comstock ; 
on Capt. J. B. Eady, by Mr. W. Sellers, of Philadelphia. 

We are glad to see that the National Association for the 
Promotion of Technical Education is hard at work, and that it 
is likely to do excellent service to the cause it supports. In 
reply to circulars sent out in August and September 18S7 a good 
deal of information has been provided from various industri.al 
centres, which it is hoped may form the basis of a fairly com- 
plete report as to what is being done for technical education in 
the United Kingdom at the present time. Meetings have been 
held in a good many towns, and in some cases branches or cor- 
responding Associations have been established. The Association 
is also issuing a series of publications, each consisting of a page 
or two, and presenting in a clear, popular style some important 
aspect of the sulycct. Some of these papers are sold at sixpence, 
others at a shilling, per hundred, and we may hope that large 
numbers of them will be widely circulated. In a series of more 
elaborate publications the Association has included the admirable 
address delivered by Prof. Huxley at n meeting held in the Town 
Hfidl, Manchester, on November 29 last. 

COLONET. Turner’s Report on the present state of the 
borings in the Delta of the Nile has been received at the Royal 
Society. The total result of the whole operations is to prove 
that no rock exists M a depth of 345 feel at Zagazig ; at a depth 
of 4$ feet at Kosr-el-Nil ; at 84 feet at Kafr-Zayat ; or at 
73 feet at Tantah. 

May number of the Kew Bulletin contains an interesting 
an account of the attempts that have been made to 
intfodooe ipecacuanha into India, and the successful cultivation 


of the plant in the Straits Settlement. There are also valuable 
papers on Brazilian gum arabic, Trinidad coffee, patchouli, 
Cochin China vine, Madagascar ebony, and Shantung cabbage. 

About a year ago the Botanical Department, Jamaica, began 
to issue Bulletins. Six numbers have been sent to us, and each 
of them contains some contrilmtion or contributions worthy of 
attention. The compilers very wisely keep local industrial needs 
steadily in view. 

In a Report on the province of Florence, just laid tiefore 
Parliament, Mr. Colnaghi, British ConsubOencml, says th.it 
meteorological stations, both public and private, are now estab- 
lished at the following places in the province: — Florence (5), 
Fiesole, Vallombrosa, Prato, Pistoia, Scandicci, Empoli, 
Fiorenzuola, Castaletti, and thermo -pin viometrical stations 
at S. Minialo, Mercatale (in Rocca San Casciano), Pontas- 
sieve, and Barberino di Mugello. Amongst the more im- 
portant of these, he mentions the Observatory of the Royal 
Museum of Physical Science, that att.'iched to the medical sec- 
tion of the Reale IstiuUo di Stiidi Superiori, chiefly devoted 
to the study of the Variadons of the atmosphere, and the Osser- 
vatorio Ximeniano, which is, at the same time, astronomical,- 
meteorological, and seismical, and is under the direction of the 
Fathers of the Scuole Pie. For many years, he adds, experi- 
ments have been made by Prof. F. Mcucci, of the Observatory 
of the Royal Museum of Physical Sciences, for the purpose of 
jvseertaining the correlation of meteorological phenomena with 
the productiveness of the soil, and a series of Reports have been 
published. In 1880 the Royal Tiisc.sn .Society of Horticulture 
established, in its experimental garden at Florence, a Meteoro- 
logical and Physical Obsen^atory, by means of which the rela- 
tion existing between the vegetation of plants and the meteoric 
phenomena can be studied. The Royal Astronomical Observa- 
tory of Florence Is established at Arcctri, and is under the 
direction of Prof. Tempel, 

Volume X. of the Ke^ertorinm fur Meteorologies issued by 
the Imperial Academy of Sciences of St. Petersburg, and edited 
by Dr. H. Wild, contains, among other interesting discussions, 
one upon the anticyclones in Europe, by Dr. P. Brounow, 
He has investigated by means of synoptic charts the barometrical 
maxima which passed over Europe in the years 1876-79, with 
especial reference to their movements and their causes — questiona 
which up to the present lime have received but little 
attention, although they arc intimately connected with the 
movements of cyclonic areas. The number of the maxima whose 
paths are drawn on the charts, are most frequent in August, and 
least so in July and March ; and, generally speaking, their motion 
is towards east -south-east, while their motion towards the north- 
westerly portion of the compass is very rare. Among the chief 
results of his inquiry may be mentioned that the prevalent move- 
ment of the maxima does not coincide with that of the barometric 
minima, but deviates from it by an angle of 67!®. There appears 
to be no important difference in the mean velocity of their motion 
in different seasons, and although they move more slowly than 
the depressions, the difference of velocity is not so great as is 
generally assumed. Their origin is attributed to two principal 
causes : (i) terrestrial radiation, and (2) the proximity of two or 
m:>re barometric minima. The work is accompanied by sixteen 
charts, from which the author concludes that the maxima 
advance generally in the direction in which the lowest temperature 
exists, and that the lower the temperature sinks the quicker the 
centre of the maximum advances, without reference to the season 
of the year. 

An important addition to the chemistry of the element tel- 
lurium U contributed by MM. Berthelot and Fabre to the Mny 
number of the AntMUes ile ChimU et de Physique. They find 
that this metalloid, one of the most remarkable links between the 
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non-metals and true meUls, is capable of existing in three 
distinct allotropic forms. Besides the vrell-known cxystalHne 
fonDf exhibiting so strongly the metalTic lustre, the form in which 
one always obtmos it by volatilization in an atmosphere of hydro- 
gen, it may be obtained by precipitation in two very different 
amorphous varieties. One of these is the product of the reduc- 
tion of tellurous or telluric acids by sulphurous acid, and the 
other is formed when solutions of the alkaline tellurides are 
exposed to the oxidizing action of the air. Both these amor- 
phous varieties ore dork-coloured powders very liable to oxidation 
in the air, and only to be obtained pure by working in an atmo- 
sphere of nitrogen. The physical dtderenoe between*the (wo is 
most strikingly shown, however, by their thermo-chemical 
behaviour. All three varieties are rapidly dissolved by a mixture 
of bromine and bromine water, and during the reaction in case 
of both the crystalline variety and the amorphous form obtained 
by oxidation of tellurides 33*4 heat units are evolved, while in 
case of amorphous tellurium derived by reduction with sulphurous 
acid only 21^3 units are disengaged. There was no mistake as 
to the purity of this latter kind, for it was completely converted 
to crystals on sublimation in a current of hydrogen. Hence it 
follows that one of the precipitated forms of tellurium cor- 
responds to the crystalline state, and the other possesses an 
entirely different physical nature. It is curious, moreover, that 
all three modifications have the same specific heat. These 
interesting facts render the analogy between sulphur, selenium, 
and telJnrium still more complete. MM, Berthelot and Fabre 
hdve also discovered a new and far superior method of preparing 
telluretted hydrogen. They first pass vapour of tellurium over 
metallic magnesium heated in a current of hydrogen, and after- 
wards treat the magnesium telluride thus formed with dilute 
hydrochloric acid in an apparatus previously filled with an 
atmosphere of nitrogen. The telluretted hydrogen, which is 
obtained in a very pure state by this new method, is very un- 
stable, decomposing on standing in a tube over mercury even in 
the dark, coating the interior with tellurium and leaving its own 
volume of hydrogen. Decomposition is immediate in contact 
with moist air. In conclusion, the French chemists show that 
the combination of the elements of the sulphur group with 
hydrogen is attended with a beautifully graduated series of 
thermal changes, from water with heat of formation + 59 units 
down to telluretted hydrogen with - 35 units. 

gives an interesting account of a magnificent ethno- 
graphical collection from Alaska, brought together by Lieut. 
Etnmon. It has been presented to the American Museum of 
Natural History in New York, and forms a valuable supplement 
to the Powell collection from British Columbia, in the same 
Museum. While the latter includes principally specimens of 
llaida and Tsimpshian origin, the objects in the new collection 
come from the territory of the Tlingit, in whose country Lieut. 
Emmon spent more than five years. Tire collection includes a 
large number of masks. They are especially valuable, as Lieut. 
Emmon took great pains to ascertain the meaning of the masks, 
which thus became a rich source of information for the student 
of ethnology. A comparison of these ma^ks with others col- 
lected on Vancouver Island and in Dean Inlet shows that the 
style of North-West Amcriennort, although uniform in general 
outlines, has its specific character in various localities, The 
imitation of animal forms is mut^ closer here than in the 
southern regions, where the forms are more conventional, certain 
attributes of the animal alone being added to hum^n figures. 
Another and a very Interesting peculiarity of these masks, is to 
be found in the figures of animals attached to the fisoes. The 
Eskimo tribes of Southern Alaska carve their masks in the same 
iiishim, numerous attachments belonging to eadi. This Is 
another probf of the influence of Indian art Upon that of the 
Eskimo. The figures attached to the laces referi as a rule, to 
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certain myths ; and the like is true of the Eskimo maski and tbeir^ 
characteristic wings and figures. A coasideruble number of 
masks show deep hollow eyes and suhk^ cheeks. They repit^ 
sent the beads of dead men. Masks wiai thick lips and beards, 
and eyebrows tpade of otter skin, represent the fabulous Kush* 
taka, the otter people, of which many tales and traditions are 
told. Another remarkable mask is that of the mosquito. This, 
is of special interest, as the m^uito is among the southern 
tribes the genius of the cannibal ; and as cannibalistic ceremonies 
are not known to be practised by the Tlingit, it may be assumed 
that the myth referring to the mosquito is found in a somewhat 
altered form among the Tlingit. 

We learn from that a Bill providittg for the establish- 

ment of a zoological park in Washington has been introduced 
into the United States Senate. The Bill creates a Commission,, 
which is directed to secure one hundred acres of land bordering 
on Rock Creek, about one mile from the city, to prepare the 
grounds and erect suitable buildings upon it. The park is then 
to be transferred to the regents of the Smithsonian Institutioa 
for their future custody and care^ The site indicated is one of 
the most beautiful in the District of Columbia. It is composed 
of rolling ground, with the beautiful Rock Creek flowing through 
it, and it is adjacent to Woodley Park, one of the most charming 
of the recent additions to Washington. A street-railway to h 
i& already projected. 

The United States Bureau of Education has issued an 
elaborate report Of the proceedings of the Department of Super- 
'ntendence of the National Educational Association at its meet- 
ing at Washington from March 15 to 17, 1887, The volume 
includes addresses and papers by some of the most eminent 
American authorities on questions relating to education. 

The people of Cleveland, where the American Association 
for the Advancement of Science will meet in August, have 
already begun to prepare for the meeting, which is expected to 
mark an epoch in the history of the city. At a recent meeting 
of citizens, summoned for the purpose of appointing various local 
committees, an Interesting address on the history of the Associa- 
tion and its objects was delivered by Prof. F. W. Putnam, the 
Peabody Professor of American Archseology and Ethnology in 
the Univeraity of Harvard, and Permanent Secretary of the 
Association since 1873. 

Accordiko to the Colonies and India^ the Government of South 
Australia have issued Part 8 of a work on ** The Forest Flora 
of South Australia,'* which is said to be the best illustrated 
publication ever issued in the colony. Mr. Brown, Conservator 
of Forests, under whose direction the book is brought out, 
supplies the letterpress descriptions of the plants pictori^ly 
represented. 

The American publishers, Messrs. D. C. Heath and Co., 
have in the press a book of ** Chemical Problems,” by 
Drs. Grabfield and Bums, of the Massachusetts Institute of 
Technology, 

A FOURTH edition of Prof. G. Henslow's “Botany for Be- 
ginners” (Stanford) has just been issued. In this little book 
Prof. Henslow provides a short course of elementary instrocUon 
in practical botany, for junior classes and children. 

At the anniversary meeting of the Hertfordshire Natural 
Histoiy Society, held on February 21 last, Mr. F. ManleCamp* < 
bell, the President, delivered an interesting address xm the 
means of protection possessed by plants. This addl^ 
printed in the Transactions qf the Society, and hiss 
issued separately. " V : . r 

The London Geological Field Class, under the diiei^iQii W 
VtdL H. ;G. Seeley, begins the sumt&n exchtslone on 
Monday, at, and wilt continue titem o^t 
noons (faereafler up to 14. The icAbtrli% inndng Aonte 
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iof tht plftCM which wiU he visited i Lefttherhecid and BoxhUl, to 
eWlinc the gorjfe of the Mole In chalk ; Maidstone and the 
vlcioityf fcnr grovels ; Woolwich and Reading bedS| chalk gault, 
and lower greensand ; Erith and Crayford, for river gravels ; 
Gtays (in Essex), Northdeet^ and Oxsted, for studies in chalk ; 
and other places besides. Intending students should apply for 
tickets at once, as only a limited number are issued. Application 
forms may be had from Mr. W, P. Collins, 157 Great Portland 
Street. 

The additions to the Zoological Society’s Gardens during the 
past week include a Blue and Yellow Macaw {Ara ararauna), 
from South America, presented by Mrs. Warrand ; two White 
Ibis {SudoHmus o/^wr), from South America, deposited ; two 
Black -backed Geese (Sarcttitorms mdanon< 4 a d 9 ), from India, 
purchased ; a Puma (Pelis concolor)^ two Long-fronted Gerbilles 
{GerbiUus longifivns^ a Hog Deer {Cervus porcinus)^ a Sambur 
Deer \fitrvus aHstoUlu d ), bom in the Gardens. 


ASTRONOMICAL PHENOMENA FOP THE 
WEEK 1888 MAY 20-26. 

/pOR the reckoning of time the civil day, commencing at 
^ ^ Greenwich mean midnight, counting the hours on to 24, 
is here employed. ) 

At Greenwich on May 20 

Sun rises, 4h. 2m.; souths, ith. 53 m. 2i*Oj. ; sets, I9h. 50m. : 
right asc. on meridian, 3h. 50 6m. ; deck 20“ 8' N. 
sidereal Time at Sunset, nh. 45m. 

Moon (Full on May 25, I4h.) rises, I3h. om. ; souths, 
Iph. 49tn, ; sets, 2h. 23m.* t right asc. on meridian, 
iih. 44 ‘2m. ; deck 6" 3' N. 

Right asc. and declination 


PUmet. 


Rises. 

h. m. 

Mercury.. 4 25 ... 
Venus ... 3 35 ... 
Mars ... 15 7 ... 
Jupiter ... iQ 49^.., 
Saturn ... 8 27 ... 
Uranus... 15 16 ... 
Neptune., 4 13 


Sooths, 
h. m. 
*2 41 
n o 
20 49 
o 7 
16 22 
20 55 ^ 
M 57 


on mendian. 


4 37'3 
2 54*0 
12 44 '« 
15 59 ’S 
X67 


Sets, 
h. m. 

21 I 

18 25 

2 3 £» 

4 25 
o 17V.. 

2 34*... 12 SO‘8 

19 4 * 3 SI '8 

Indicates that the rising is that of the preceding evening and the setting 
that of the following morning. 

Occuitations 0/ Stars by the Moon (visible at Greenwich). 

Corresjpouding 
angles from ver- 
tex to right for 
inverted image. 


23 42 N. 
IS 26 N. 
4 12 S. 
«9 33 S. 
20 22 N. 

.JSn. 


May. 

Star, 

Mag. 

Di&ap. 

h. m. 

Reap. 

h. m. 

xo .. 

B.A.C. 3996 

... 6 . 

. 19 0 

near approa 

XI 

b Virginis... 

... 6 . 

- 0 57 

... I 44 

24 .. 

n Librae ... 

... 6 . 

.. 22 52 

• 23 23 

*5 ' 

8 labne ... 

... 4 i . 

. 3 45 

••• 4 39 t 

x6 .. 

B.A.C. 5700 

... 64 . 

. 4 14 

• • 4 44 


May. 

XI 

XI 

S2 

n 

25 


h. 

X 

23 

5 

IX 

7 


Suf. 

UC»^ 


139 254 

128 184 
8s 322 
17s 236 

t Below horixon at Greenwich. 

, Jupiter in conjunction with and 0° 2' north 
of 0 Scorpik 

Mars in conjunction with and 4” 32' south 
of the Moon. 

. Jupiter in opposition to the Sun. 

Mars stationary. 

. Jupiter in conjunction with and 3® 34' south 
of tlxe Moon. 

VarUkhU 

R.A. ]>ack 

b. m. , , 

0 5x^4 ... 81 16 N. 


WVilginia... 

s ... 


... Xi4r8.., 58 4N. ... 

... 13 ao I ... X 4S S. .. 

-15 * 3 ’? -I* 3^,... 

... 17 10^ ... 1 xoN. ... 

... 19 50^9 ... x6 xoN. ... 

... xo 9*0 ... td 23 N. ... 

... X04B7,.. ^7 50 N. ... 
a4 ... $7 31 N. „ 


May 22, 

h. 
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0 m 
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GEOGRAPHICAL NOTES, 

At Monday’s meeting of the Royal Geographical Society 
Lieut. F. £. Vouoghusband gave an account of his journey 
across Central Asia, from Manchuria and Peking to l^hmir 
and the Mustagh Pass. This is the most important paper which 
has been read at the .Society during the present session, and the 
journey one of the most remarkable ever made, considering its 
length, the time taken— April to November, 1887 — and the 
novelty and value of the results. We have only space to refer 
briefly to Lieut. Younghusband’s observations on the Mustagh 
Pass, which he has been the first European to cross. He crossed 
the Gobi Desert to Hami by a route lying between those of 
Marco Polo and Mr. Key Elias. Mis observations in the 
Gobi are oj much interest. The clearness and dryness of the 
atmosphere were remarkable. Everything became parched up, 
and so charged with electricity that a sheepskin coat or blanket, 
on being opened out, would give out a loud crackling noise, 
accompanied by a sheet of fire. At the western end of the 
Hurku Hills, beyond the Galpin Gobi— the most sterile part of 
the whole Gobi— is a most remarkable range of sand-hills. It 
is about 40 miles in length, and is composed of bare sand, with- 
out a vestige of vegetation of any sort on it, and in places it is 
as much as 900 feet in height, rising abruptly out of a gravel 
plain. With the dark outline of the southern hills as a back- 
ground, this white, fantastically-shaped sand-range presents a 
very striking appearance. It must have been formed by the 
action of the wind, for to the westward of this range is an im- 
I mense sandy tract, and it is evident that the wind has driven the 
! sand from this up into the hollow between the Hurku Hills and 
the range to the south, thus forming these remarkable sand-hills. 
It was near this region that traces of the wild camel were met 
with, and both wild asses and wild horses seen. As far as 
llami the country continues to be mainly desert. From Hami, 
Lieut. Younghusband went on to Yarkand, and by the Yarkand 
Kiver to the Karakorum Ea^e, which he meant to cross 
by the Mustagh Pass. The dimcuUies, owing to the enormous 
glaciers, the rugged nature of the mountains, and great 
height of the pass, were very great for Lieut. Younghusrand, 
his men, and his pionies. The glaciers here are of enormous 
size, and Lieut. Younghusband has added considerably to 
the information obtained by Colonel Godwin-Austen, who 
surveyed the region ^lo the south of the pass twenty- 
six years ago. *’The appearance of these mountains,” 
Lieut. Younghusband slalca, **is extremely bold and rugged 
os they rise in a succession of needle peaks like hundreds 
of Matterhoms collected together; but the Matterhorn, Mont 
Blanc, and all the Swiss mountains would have been two or three 
thousand feet below me, while these mountains rose up in solemn - 
grandeur thousands of feet above me. Not a living thing was 
seen, and not a sound was heard ; all was snow and ice and 
rocky precipices ; while these mountains are far too grand to 
support anything so insignificant as trees or vegetation of any 
sort. They stand bold and solitary in their glory, and only per- 
mit man to come amongst them for a few montns in the year, 
that he may admire their magnificence and go and tell it to his 
comrades in the world beneath.” After some extremely dilficult 
pros})ecting, Lieut. Younghusband made up his mind to cross the 
old and long-abandoned Mustagh Pass, instead of the new one. 
“Next morning,” he stated, “ while it was yet dark, we started 
for the pass, leaving everything behind, except a roll of bedding 
for myself, a sheepskin coat for each man, a fe^w dry provisions, 
and a large tca-keltlc. The ascent to the pass was quite gentle, 
but led over deep snow in which we sank knee-deep at every 
step. We were now about i9,ocx) feet above the sea-lcvel, and 
quickly became exhausted. In fact, as we got near the sum-^ 
mit, we could only advance a dozen or twenty steps at a time^ 
and we would then Jean over on our alpenstocks, and gasp 
and pant away as if we had been running up a sleep hill 
at a great pace. But it was not till midday that we reached 
the suramu, and then on looking about for a way down 
we could see none. Huge blocks of ice had fallen from the 
mountains which overhang the pass, and had blocked up the 
path by which travellers used formerly to descend from it, and 
the only possible way now of getting to the bottom was by 
crossing an icy xilope to a cliflT, which waa too steep for a particle 
of snow to Ic^e on it, even in that region of ice and snow. 
From thh we should have to descend on to some more ic^ 
slopes which could be seen below. . . . We had first to cross • 
the ky slope ; it was of smooth ice and very steep, and about 
thirty yams below us It Snded abruptly, and we could sOe - 
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Yiothing over the edge for miny hundreth of feet WaH 
hewed the steps we advanced st^ by step after him, leaning 
back against the slope, atl the time facing the preoipiCe, and 
koowlng that if we slipped (and the ice was veiy slippety, for 
the sun was just powerful enough to molt the surfeoe of it), we 
should roll down the icy slope and over the precipice into 
eternity, Afte^^a time we reached /tfr/’o Jirmj in the shape of a 
projecting piece of rock, and from here began the descent of 
the cliff. We had to let ourselves down from any little lodge, 
taking every step with the greatest possible care, as the rock 
was not always sound ; and once a shout came from above, and 
a huge rock, which had been dislodged, came crashing past me 
and as nearly as possible hit two of the men who already 
got some way down. At the ]:>ottom of the cliff wrt came to 
another steep ice-slope." After eighteen hours of this task the 
party were glad to lie down for a few hours^ rest. At daybreak 
next mominc they were on their legs again, and after a few 
hours* travelling emerged on to the great Baltoro CJlacier, which 
was explored by Colonel Godwin- Austen in 1862, when making 
(he Kashmir survey. They travelled all that day, and for two 
■days more, till they reached Askoli, a little village on the Braldo 
River, surrounded by trees and cultivated lands. 

Lieut. Younghusbanu remarked as follows on the Altai 
Mountains : — ** These mountains are perfectly barren, the 
upper portion composed of bare rock and the lower of 
Jong gravel slopes formed of the debris of the rocks above. 
In su 5 i an extremely dry climate, exposed to the icy cold 
winds of winter and the fierce rays of the summer sun, 
and unprotected by one atom of soil, the rocks here, as also in 
every other part of the Gobi, crumble away to a remarkable 
extent, and tlnere being no rainfall sufficient to wash away the 
debris, the lower features of the range gradually get covered with 
a mass of debris falling from the upper portions, and in the 
course of time a uniform slope is created, often 30 or 40 miles in 
length, and it is only for a few hundred feet at the lop that the 
original ja^ed rocky outline is seen." Again, with regard to 
Chinese 'I^kistan If you could get a bird's-eye view of 
Chinese Turkistan, you would see a great bare desert surrounded 
on three sides by bacren mountains, and at their bases you would 
aee some vivid green spots, showing out sharp and distinct like 
blots of green paint dropi>ed on to a sepia picture. In the 
western end round Kashgar and Yarkand the cultivation is of 
greater extent and more continuous than in the eastern half, 
where the oases arc small and separated from each other by rj 
■or 20 miles of desert. These oases are, however, extraordinarily 
fertile, every scrap of land that can be cultivated is used up, and 
• every drop of water is drained off from the stream and us^ for 
irrigation.” At the conclusion of Monday’s meeting of the 
Royal Geographical Society, General J, T. Walker proposed, 
and Sir Henry Rawlinson seconded, that the peak in the Kara- 
korum known as KTi, 28,500 feet high, be baptired Mount 
Godwin- Austen— a proposal heartily approved by the meeting. 

The Paris Gcomphical Society has awarded gold medals to 
the Rev. P, Roblet, for his map of Madagascar ; to MM. 
Bonvalot, C.ipus, and P^pin, for their journeys in Kafirlstan 
and the Pamir ; to M. Chaffanjoo, for his exploration of the 
sources of the Orinoco. 

General Pk;kvalskv will start in August next on hU 
fourth journey in Central Asia. His ultimate destination will be 
Lhassa, the capital of Tibet, and he will be equipped for two 
years’ travel. He will be accompanied by an escort of twenly- 
■eight persoas, including twelve Cossacks, and two scientific 
-companions, Lieut. Robrowsky and Sub-Lieut. Koslow. 


THE PVGMV PACES OF MEN} 


II. 

IKE all other human beings existing at present in the nwld, 
^ however low in the scale of civilization, the social life of the 
Andamanese is enveloped in a complex mAze of tinwritten law or 
• costom, the intricacies of which are most difficult iot any Stronger 
to unravel. The relations they may or may not irtorry, the food 
they ore obliged or forbidden to partake of at paitfetdof epochsof 
life or masons of the year, the words and nattss they m«y or 
^ l»ronottnoe ; all as well as their traditions, .ftttpeniti- 

Deparoiwnis ofthe Britbh MewaUk Cundoaed ftoiii p. 4% 


tioM, and beHefe, thefr occupations, gamise, and amaaetnstiti 
of which they seem to have no lack, would take fer (do long 
to describe hero ; but, before leaving these interesting ^people, 
I may quote an observation of Mr. Man's, which, uAlm be has 
seen them with too caulmr^r^^te eyesight, throws a very fkvemr- 
able light upon the primitive unso^itacated life of these poor 
little savages, now so ruthlessly broken into and destroyea by 
the exigences of our ever-extending Empire. 

*‘Itlias been asserted/' Mr. Man says, “that the 'com- 
munal marriage ’ system prevails among them, and that * marriage 
is nothing more than taking a female slave * ; but, so far from 
the contract being regarded as a merely temporary arrangement, 
to be set aside at the will of either party, no incompatibility of 
temper or other cause is allowed to dissolve the union ; and 
while bigamy, polygamy, polyandry, and divorce are unknown, 
conjugal fidelity till death U not (he exception but the rule, and 
matrimonial differences, which, however, occur but rarely, ate 
easily settled with or without the intervention of friends/' In 
fact, Mr. Mon goes on to say, “ One of the most striking 
.features of their social relations is the marked equality and 
affection which subsists between husband and wife, and “the 
consideration and respect with which women are treated might 
with advantage be emulated by certain classes in our own l^d." 

It should also be mentioned that cannibalism and infanticide, 
two such common incidents of savage life, were never practised 
by them. 

We must now pass to the important scientific question, Who 
are the natives of the Andaman Islands, and where, among the 
other races of the human species, shall we look for their nearest 
relations ? 

It is due mainly to the assiduous researches into all the docu- 
mentary evidence relating to the inhabitants of Southern Asia 
and the Indian Archipelago, conducted through many years by 
M. de Quatrefages, m some cases with the assistance of his 
colleague M. Hamy, that the facts I am about to put before you 
have been prominently brought to light, and their significance 
demonstrated. 

It is well known that the greater part of the large island of 
New Guinea, and of the chain of islands extending eastwards 
and southwards from it, including the Solomon Islands, the 
New Hebrides, and New Caledonia, and also the Fijis, are still 
inhabited mainly by people of dark colour, frizzly hair, and 
many characters allying them to the Negroes of Africa. These 
constitute the race to which the term Melanesian, is commonly 
applied in this country, or Oceanic Negroes, the “ Papouas” of 
Quatref^es. Their area at one time was more extensive 
than it is now, and has been greatly encroached upon by the 
brown, straight-haired Polynesian race with Malay affinities, 
now inhabiting many of the more important islands of the 
Pacific, and the mingling of which with the more aboriginal 
Melanesians in various proportions has been a cause, among 
others, of the diverse aspect of the population on many of the 
islands in this extensive remon. These Papouas, or Mela- 
nesians, however, differ greatly from the Andamanese in many 
easily defined characters; which are, especially, their laj^jer 
stature, their long, narrow, and high skulls, and their coarser 
and more Negro-like features. Although undoubtedly allied, 
we cannot look to them as the nearest relations 0/ our Ijltle 
Andamanese. 

When the Spaniards commenced the colonization of the 
Philippines, they met with, in the mountainous r^ion In the inte- 
rior 01 the Island of Luzon, besides the prevailing native po|hi- 
lation, consisting of Ta^s of Malay origin, very i^mall people, 
of black complerion, with the frizzly hair of the African Negroes. 
So struck were they with the resemblance, that they catted 
them “Nemitos del Monte" (little Negroes of the moemtaiA). 
Their local name was Aigtas, or Inagtas, said to signliy 
“ black,” and from which the word Aista, generally now applied 
to them, U derived. These people have lately been sttulled 
by two French ttavelleis, M. Marche and Dr, Montano } the 
result of thefr measaretnents gives 4 feet inches aathenveraM 
height of (be men, and 4 feet fit fnehes the average fer the 
womea. to many of their morel characteristics they^wembk 
the Aodamenese. The Aetas are faithful to their osMtfepe 
vows* and have but one wife. TbO; affeetkm of perwte fir 
children is very strang» end the latter have for their Add 
mother ee mifeh love and, respect. The marriage aeMemny, 
acoordine to Montano, is very remarkable. The nmeoeed 
paw dlmb riwo fiexible trees xdaced otfltr to each oriier One of 
the elders df the tribe behds them earii orifeh When 
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of iho wrcSupeloeo^ Paoay. Mindanao, &c,, and that th^ 
Okllrely some Uttlc ulands-r^among others, Bougas 

lihuul, or 1^ de los Negros/' 

. Aa ihe islands of these ea tern seas have become better 
known, Atrther discoveries of the existence of a small Negroid 
pppulation have been made in Formosa, in the interior of 
Hcraeo, the Sandal Islands (Sumba), Xulla, Bourou, Ceram, 
Flores, Soler, Pantar, Lomblem, Ombay, the eastern pcnin&ula 
of Celebes, &c. In fact, Sumatra and Java are the only large 
lUands of this great area which contain no traces of them 
except some doubtful cross-breeds, and some remains of an 
industry which appears not to have parsed beyond the Age of 
Stone. 

The Sunda Islands form the southern limit of the Negrito 
area j Formosa, the last to the north, where the race has pre- 
served all its characters. But beyond this, as in Lew-Chew, 
and even the south-east portion of Japan, it reveals its former 
existence by the traces it has left in the present population. 
That it has contributed considerably to form the population of 
New Guinea is unquestionable, in many parts of that great 
island, small round-headed tribes live more or less distinct from 
the larger and longer-headed people who make up the bulk of 
the population. 

But It is not only in the islands that the Negrito race dwell. 
Traces of them are found also on the mainland of Asia, but 
everywhere under the same conditions ; in scattered tribes, 
occupying the more inaccessible mountainous regions of countries 
otherwise mainly inhabited by other races, and generally in a 
condition more or less of degradation and barbarism, resulting 
from the oppression with w'hich they have been treated by their 
invading conqiierers ; often, moreover, so much mixed that 
their original characters are scarcely recognizable. The 
Semangfi of the interior of Malacca in the Malay peninsula, 
the Sakays from Perak, the Moys of Annam, all show traces of 
Nep to blood. In India proper, especially am mg the lowcU 
and least civil iaed tribes, not only of the central aiul southern 
districts, but even almost to the foot of the Himalayas, in the 
Punjab, and even to the west side of the Indus, according to 
Quatrefages, frizsly hair, Negro features, and small stature, 
are so common that a strong argument can be based on them for 
the belief in a N egrito race forming the basis of the whole pre- 
Aryan, or r>ravidian as it is gencrolly called, population oJ the 

E eninsula. The crossing that has taken place with other races 
as doubtless greatly altered the physical characters of this 
people, and the evidences of this alteration manifest themselves 
in man}r ways ; sometimes the curliness of the hair is lost by 
the admixture with smooth straight-haired races, while the black 
complexion and small stature remain ; sometimes the stature is 
increased, hut the colour which seems to be one of the most 
perstttent of characteristics, remains. 

localities in which thesj people are found in their greatest 
purity, either in almost inaccessible islands, as on the Amuimans, 
or elsewhere in the mountainous ranges of the interior only ; their 
social positions and traditions, wherever th<7 exist — all point to 
the fact that they were the earliest inhabitants ; and that the 
Mongolian and Malay races on the east, and the Aryans on the 
west, which are now so tanidly exterminating and replacing them, 
are later comers into the land, exactly as, in the greater part of , 
the Pacific Ocean, territory formerly occupied by the aboriginal 
dark, frizily-haired Negroid Melanesians has been gradually and 
slowly invaded by the brown Polynesians, who in their turn, but 
by a muoh more rapid process, are being replaced by Europeans. 

We now see what constitutes the great interest of the Anda- I 
rnonese natives to the student of the ethnological history of the i 
Eastern world. Their long isolation has made them a remark- 1 
aMy homogeneons race, stamping them all with a common ! 
metnbtance not seen in the mixed races generally met with in 
conrinental areas. For although, as with most savages, marriages 
within the fkmily (using the in a very wide sense) are most 
all such aUiances havo necessarily been con- 
to natives of! the islands. Tl^ey are the loMt modified ^ 
IStoreMgatitives of the people who as as we know, the 
muMte ibhahitimts of .a laige portion of the earth's surfacei 
W ivho am now veiling on It is, however, not 

t^Oosaeaxy to svj^^ose thjd the Andaman Jslanden ghre us the 
enact mraeteis and feabmi nfati the other bmohec of the 
rabe. Diflhreiices in detidrdbebileeeenietftd^^dl^^ 


are almost alwawi sure to arise whenever races become iBolated^^ 
from each other for long periods of time. 

In many cases the characters of the ancient inhabitants of a land 
have been revealed to us 1 ^ the preservation of thetr actual re- 
mains. Unfortunatdy we nave as yet no such evidence to tell ua 
of the former condition of man in Bimtfaern Asia, We may, how- 
ever, look upon the Andamanese, the Aetos, and the Semangs,^ 
as living fossils ; and by their aid conjecture the condition of 
the whole population of the land in ancient times. It is possible, 
also, to follow Quatrefages, and to see in them the origin of the 
stories of the Orientabpygmies related by Ctesias and by Pliny. 

We DOW pass to the continent of Africa, in the interior of 
which thes pygmies of Homer, Herodotus, and Aristotle have 
generally been placed. Africa, as is well known, is the home 
of another great branch of the black, frizzly-hai^, or Ethiopian 
division of the human upccics, who do, or did till lately, occupy 
the southern two- thirds of this great continent, the northern 
third being inhabited by Hamite and Semite branches of the 
great white or Caucasian primary division of the human species, 
or by races resulting from the mixture of them and the Negroes. 
Besides the tnie Negro, there has long been known to exist m the 
southern part of the continent a curioudy modified type, consist- 
ing of the Hottentots, and the Bushmen— Bosjesmen (men of 
the woods) of the Hutch colonists— the latter of whom, on 
account of thtrir small size, come within the scope of the present 
subject. They lead the lives of the most degraded of savages, 
dwelling among the rocky and more i" accessible mountains of 
the interior, making habitations of the natural caves, subsist- 
ing entirely by the chase, being most expert in the use of the 
bow and arrow, and treated as enemies and outcasts by the 
surrounding and more civilized tribes, whose flocks and herds 
they show Tittle resi^cct for when other game is not within reach. 
Ihc physical characters of these people are well known, as 
many specimens have been brought to Europe alive for the pur- 
pose of exhibition, llieir hair snows the extreme of the frixzly 
tjpe, being shorter and less abundant than that of the ordinary 
Negro ; U has the appearance of growing in separate tufts, which 
coil up together into round balls compared to “peppercorns." 
The yellow complexion difiei-s from that of the Negro, and, com- 
bined with the wide check-bones and form of the eyes, so much 
recalls that of certain of the pure yellow races that some anlhropo- 
logisls aie indiiied to trace true Mongolian affinities and 
admixture, although the extreme crispness oftbe hair makes such 
a supposition almost impossible. The width of the cheek-bones 
and the narrowness of the forehead and the chin give a lozenge 
shape to the front view of the face. The forehead is prominent 
and straight ; the nose extremely flat and broad, more so than in 
any other race, and the Ups prominent and thick, although the 
jaw's are less prognathous than in the true Negro races, The 
cranium has many special characters by which it can be easily 
distinguished from that of any other. It has generally a very 
feminine, almost infantile, appearance, though the capacity of 
the cranial cavity is not the smallest, exceeding that of the 
Andamanese. In general form the cranium is rather oblong than 
oval, having straight sides, a flat top, and especially a vertical 
forehead, which rises straight from the root of the nose. It is 
moderately dolichocephalic or rather mesaticephnlic, the average 
of the index of ten specimens being 75 ■4* ^ height is in all 

considerably less than the breadth, the average index being 71 'i. 
The glabella and infra-orbital ridges are littje developed except 
in the oldest males. The malar bones project much forwards,, 
and the space between the orbits is very wide and flat. The 
nasal bones are extremely small and depressed, and the aperture 
wide ; the average nasal index being 60*8, so they are the most 
platyrhine of races. 

With regard to the stature, wc have not yet sufficient 
materials for giving a reliable average. Quatrefages, following 
Barrow, gives 4 feet 6 inches for the men, and 4 feet for the 
women, and speaks of one individual of (he latter sex, who was 
the mother of several children, measuring only 3 feet 0 inches 
in height ; but later observations (sUl), however, insumcient in 
number) give a rather larger stature : thus Topinard places the 
average at i *404 metre, or 4 feet Inches ; and Fntsch, who 
measured six male Bushmen in South Africa, found their mean 
heiffbt to be 1-444 mUttt or nearly 4 f«et 9 inches. It is 
proMhle (hid, taks^ thorn idl tqgetheri they differ but Uttle in thia 
respect freup the in coknur, in form of 

h^ infoatates, aadlntho ptoporrioiM of the body, they mpt 
wkkiy fensovod from Afvu 
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TherQ ia etery Teason to beMeve that these Bushmoo repment 
the catlieBt race of which we have, or are ever likely to have, any 
koowledce, which inhabited the southern portion « the African* 
oontincnt, but that long before the adv:^nt of Europeans upon 
^he scene, they had ^en invaded from the north by Nwo 
tribes, who, being superior in size, strength, ai^ dvilization, had 
taken possession of the greater part of their territories, and 
mingling fr^y with the aborigines, had produced the mixed 
race called Hottentots, who retained the culture and settled 
;pastoral habits of the Negroes, with many of the physical fea> 
tures of the Bushmen. These, in their«turn, encroached upon 
by the pure-bred Bantu Negroes from the north, and by the 
Dutch and English from the south, are now greatly diminished, 
and indeed threatened with the same fate that wilt eurely soon 
-befall the scanty remnant of the early inhabitants who still 
retain their primitive type. 

At present the habitat of the Bushman race is conhned to 
certain districts in the south-west of Africa, from the coniines of 
'the Cape Colony, as far north as the shores of Lake N^tni. 
Further to the north the great equatorial region of Africa is^ 
occupied by various Negp-o tribes, using the term in its broadest 
sense, but oelonging to the divisions which, on account of pecu- 
liarities of language, have been jpouped together as Bantu. 
They all present the common pbysteal characteristics typical of 
■the Negro race, only two of which need be specially mentioned 
here — medium or large stature, and dolichocephalic skull 

• (avere^e cranial index awut 7|*5)> 

It is at various scattered {Uaces in the midst of these, that 
the only other small people of which I shall have to speak, the 
veritable pygmies of Homer, Herodotus, and Aristotle, accoi^iog 
to Quatref^es, are still to be met with.' 

The first notice of the occurrence of these in modem times is 
contained in '^The strange adventures of Andrew Battell of 
‘Leigh in Essex, sent by the Portugals prisoner to Angola, who 
lived there, and in the adjoining regions near eighteen yeares “ 
(1589 to 1^7), published in “Purchos his Pilgrimes” (1625), 
lib, vii, chap. iii. p. 983 : — 

** To the north-east of Mani-Kesock^ are a kind of little people, 

• dialled Matimbas ; which are no bigger than Boyes of twelve 
yeares old, but very thicke, and live only upon flesh, which they 
kill in the woods with their hows and darts. They pay tribute 
to Mani- Knocks and bring all their elephants* teeth and tayles 
to him. They will not enter into any of the Maramba^s houses, 
nor will suffer any to come where they dwell. And if by chance 
any Maramba or people of Lmgo pass where they dwell, they 
will forsake that place, and go to another. The women carry 
Bows and Arrows as well as the men. And one of these will 
walk in the woods atone and kill the Pongos with their poysoned 
Arrows.'* 

Battell’s narrative, it should be said, is. generally admitted as 
having an air of veracity about it not always conspicuous in 
those of travellers of his time. In addition to the observations 

• on tbe human inhabitants, it contaiiis excellent descriptions of 
animals, as the pongo or gorilla, and tbe zebra, now well 
known, but in his day new to Europeans. 

Dapper, in a work called “ Description de la Basse Eihiopie,*' 
publimed at Amsterdam in 1686, speaks of a race of dwarfs 
inbabitir^ the same region, which he calls Mimosox Bakkt-Bakke^ 
but nothing further was heard of these people until quite recent 
times, A German scientific expedition to Loango, the results of 
which were published in the Zeitschrift fur Eihnologit^ 1874, and 
in Hartmann's work, " Die Negritier,** obtained, at Chinchoxo, 
photographs and descriptions of a dwarf tribe called ** Baboukos,** 
whose heads were proportionally large and of roundish form 

• (cephalic index of skull, 78 to 81). One individual, supposed to 
be about forty years of age, measured 1 *365 metre, rather under 

. 4 feet 6 inches. 

Dr. Touchard, in a “ Notice sur le Gabon," published in the 
R^vui Mariiittie et Cohnialt for *86 1, describes the recent 
destruction of a population established in the interior of this 
-country and to which he gives the name of "Akoa.** They 
: seem to have been exterminated by the M’Pongos in their 
expansion towards the west. Some of them, however, remained 
at slaves at the time of the visit of Admiral Fleuriot de Limde, 
who in 1868 photographed one (measuring about 4 feet d 
dikh) and brought nome some skulls, which were examined by 
Hamy, and all proved veiy small and sub-brochyoephalle. 

^ The soattored infarmadoa upon this subject was first toUeCted tUicl^r 
'fay Hamy m bis Bmi de uo-or 4 uMtion des NCot^ux idcsiuaisuteiieuSilns 
sur rethaulugie des Nderilles ou Pygmdet de TAtHque Sqimwbm/* Rftbk, 
i’air. Ji /'anr, to ue lb (se*. lil), *879, r* 7> 


Another tribe, the M'BouWus, inhaUring thd Obast 
of the Gaboon River, have been detcrlbw hy M. Harm 
as probably the primitive race of the eonntn* They Uvi m 
little viHagea, keeping entirely to theois^ves, though sarroonded 
by tbe uSf^ tribes, M'Pongos and BakaUus, who are 

encroaching upon tnem so closely that their numbers are rapidiy 
diminishing. In i860 they were not more than 3000 ; iti 1879 
much less numerous. They are of an earthy-brown colour, and 
rarely exceed i’6qo metre in height (5 feet 3 inches). In the 
rich collections of skulls made by Mr. R. B. walker and fay M. 
Dtt Cbaillu, from the cbiilt of this region, are many which ore 
remarkable for their small size and round form. Or many other 
notices of tribes of Negroes of diminutive aize, living near the 
west coast of Equatorial Africa, I need only mention that of 
Du Challlu, who gives an interesting account of bis visit to an 
Obongo village in Ashango land, between the Gaboon and the 
Congo ; although unfortunately, owing to the extreme shyneas and 
suspicion of the inhabitants, he was allowed little opportunity 
for anthropological observations. He succeeded, however, in 
measuring one man and six women ; tbe height of the former was 
4 feet 6 inches, the average of the later 4 fi^t 8 inches.' 

Far further into the interior, towards the centre of the rtfion * 
contained in the mat bend of the Congo or Livingstone River, 
Stanley heard of a numerous and independent population of 
dwarfs, called Watwas," who, like the Mtimbas of Battell, are 
great hunters of elephants, and use poisoned arrows. One of 
mese he met with at Ikondu was 4 feet 6} inches high, and of a 
chocolate -brown colour.^ More recently Dr. WoGf describes 
under the name of ** Batouas " (perhaps the same as StaDley*8 
Watwas), a people of lighter colour than other Negroes, and 
never exceeding 1 *40 metres (4 feet 7 inches) high, but whose 
average is not more than 1*30 (4 feet 3 inches), who occupy 
isolated villages scattered through the terntory of the Bahonbas , 
with whom they never mix,* 

Penetrating into the heart of Africa from the north-east, in 
1870, Dr. George Schweinfurth first made us acquainted with a 
diminutive race of people who have since attained a consider- 
able anthropological notoriety. They seem to go by two names 
in their own country, Abba and TUbbt-Bkbi, the latter reminding 
us curiously of Dapper’s Bakke-bakke, and the former, more 
singularly still, having been read by the learned Egyptologist, 
Mariette, by the side of the figure of a dwarf in one of the 
monuments of the early Egyptian Empire. 

It was at the court of Mounza, king of the Monbuttu, that 
Schweinfurth first met with tbe Akkas. Th^ appear to live 
under the protection of that monarch, who had a regiment of 
them attached to his service, but their real country was further 
to the south and west, about 3* N. laL and 2$^ £. long. 
From the accounts the traveller received they occupy a consider- 
able territory, and are divided into nine distinct tribes, eacli 
having its own king or chief. Like all the other pygmy African 
tribes, they live chiefly by the chase, being great hunten of toe 
elephant, which they attack with bows and arrows. 

In exchange for one of his dogs, Schweinfurth obtained from 
Mounza one of these little men, whom he intended to bring to 
Europe, but who died on the homeward journey at Berber. Un- 
I fortunately all toe measurements and observations which were 
made in the Monbuttu country by Schweinfartb perished in toe 
fire which destroyed so much of the valuable material he bad 
collected. His descriptions of their physical characters are there- 
fore chiefly recollections. Other travellers-*- Long, Mamo, and 
Vossion— though not penetrating as far as toe Altoa coimtty, 
have given observations upon it^viduals of the race they have 
met with in their travels. The Italian Miani, fcdlowing the foot- 
steps of Schweinfurth into the Monbuttu country, also obtained^ 
^ barter, two Akka boys, with the view of bringing toetn to 
Efurope. He himself fell a victim to tbe fatigues of the joum^ 
and dimate, but left his collections, including the yonng Akkas, to 
toe Italian Geographical Society. Probably no two Individuals 
of a savage race have been so much honoured by the attentions 
of the scientific world. Fbst ai Cairo, and afterwmds in Italy, 
Tebo (or Thibeut) mad Chairallah, as they were named,, were 
described,ineasared,and photogT^ed,and have been tod sheets 
of a Hbirafy of memotru, their mbltogmpbers Including toe names 
of Owen. Fanceri, Cotnalia^ Mantegassa, GiglioU and Zattttetti, 
Broca, Hamy, and de QUatrefages. On tbeit arrWul in lU^, 
they were presented to tim King and Queen, tnfmduoed btto w 
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moit Aod settled down ss members 

of of doont MUuscAlchi Erizro, at Verona, where 
tbK 7 a European education, and performed the duties of 

T-p., to an addressed to my friend Dr. Giglioli, of j 

FloMo^^hear that luSbaat died of consumption on January 
3i8/ 1BS3, haiog then about twenty-two years of age, and was 
buried \n ^e cemeteiy at Verona. Unfortunately no scientific 
examiaatiou of the bray was allowed, but whether Chairallah 
atiU lives or not 1 have not been able to learn. As Giglioli has 
not heard of bU death, h <6 presumes that he U still living in Count 
Miniscalchi’s palace. 

One other specimen of this race has been the subject of 
carefiil observation by European anthropologists — a girl named 
Saidd, brought home by Komoto Gessi (Gordon’s lieutenant), 
and who is still, or was lately, living at Trieste as servant to 
M* de GesiL 

The various scattered observations hitherto made are ob- 
idoosly insuEficient to deduce a mean height for the race, but 
the nearest estimate that Quatrefages could obtain is about 
4 feet 7 inches for the men, and 4 feet 3 inches for the 
women, decidedly inferior, ther^ore, to the Andamanese. With 
regard to their other characters, their hair is of the most frizzly 
kind, their complexion lighter than that of most Negroes, but 
the prognathism, width of nose, and eversion of lips'characterUtic 
of the Ethiopian branch of the human family are carried to< an 
extreme d^ree, especially if Schweinfurth’s sketches can be 
trusted. The only essential point of difference from the ordinary 
Negro, except the size, is the tendency (o shortening and breadth 
of the skull, although it by no means assumes the ** almost 
spherical shape attributed to it by Schweinfuith. 

Some further information about the Akkas will be found in 
the work, just published, of the intrepid and accomplished 
traveller in whose welfare we are now so much interested, Dr. 
Emin Pasha, Gordon’s last surviving officer in the Soudan, 
who in the course of his explorations spent some little time lately 
in the country of the Monbuttu. Here he not only met with 
living Akkas, one of whom he apparently still retains as a 
domestic in his service, and of whose dimensions he has sent -me 
a most detailed account, but he also, by watching the spots where 
two of them had been interred, succeeded in obtaining their , 
skeletons, which, with numerous other objects of great scientific 
interest, safely arrived at the British Museum in September of 
last year. I need hardly say that actual bones, clean, imperish- 
able, easy to be measured and compared, not once only, but 
any number of times, furnish the moat acceptable evidence that 
an anthropologist can possess of many of the most important 
physical cKaracters of a race. There we have facts which can 
always be appealed to in support of statements and inferences 
based on them. Height, proportions of limbs, form of head, 
characters of the face even, are all more rigorously determined 
from the bones than they can be on the living person. Therefore 
the value of these remains, imperfect as they unfortunately are, 
and of course insufficient in number for the purpose of establishing 
average characters, is very great indeed. 

As I have enter^ fully into the question of their peculiarities 
elsewhere, I can only give now a few of the most important 
and most generally to be understood results of their examination. 
The first point of interest is their size. The two skeletons are 
both those of full-grown people, one a man, the other a woman. 
There is no reason to suppose that they were specially selected 
as exceptiosially tmall ; they were clearly the only ones which 
Emin bad an opportunity of procuring ; yet they fully bear out, 
laore than bear out, all that hu been said of the diminutive 
size of the race* Comparing the dimensions of the bones, one 
by, one, with those of the numerous Andamanese that have passed 
through my hands, 1 ffisd both of these Akkas smaller, not than 
the average, but ei^alUr than the stnallest ; smaller also than 
any Bushman whose skeleton 1 am acquainted with, or whose 
dimensions have been published with scientific accuracy. In 
fact, they are both, Inr they are nearly of a size, the iiwlest 
normal humim ekdetons which I have seen, or of which I can 
.fipd any istePSdt t m normal, because they are thoroughly 
WfB grown and fumortloned) without a tntoe of the deformity 
almost always asepmaied with individual dwarMaess in a taller 
raae^ One that the ^ sufficiently perfect for 

liirtfcuhi^om After dMallowaacefbrioa^ and 

for the uttervett^ural ^uicea, the skeletoD measures from the 
crown of tlmheadmtMipfmd eus^ metre. 

AhofUthslfjm^iaehttoiWior skin of the 


head and soles of the feet would complete the height when 
alive* The other (male) skeleton was by the length 

of the femur) about a quarter of an inch shorter. 

The full-grown woman of whom Emin gives detailed 
dimensions is stated to be only 1*164 metre, or barely 3 feet 10 
inches.' These heights are aU unquestionably Irtss than any- 
thing that has been yet obtained based upon such indisputable 
data. One very interesting and almost unexpected result of a 
careful examination of these skeletons is that they conform in 
the relative proportions of the head, trunk, and limbs, not to 
dwarfs, but to tull-sizcd people of other races, and they are 
therefore strikingly unlike the stumpy, long-bodied, short- 
limbed, largC'headed pygmies so graphically represented fighting 
with their lances against the aaneS on ancient Greek vases. 

The other characters of these skeletons are Negroid to an 
intense degree, and quite accord with what has been stated of 
their external appearance. The form of the skull, too, has that 
sub-brachycephaly which ha<) been shown by Hamy to charac- 
terize.all the small Negro populations of Central Afirica. It is 
quite unlike that of the Andamanese, quite unlike that of the 
Bushmen. They arc obviously Negroes of a special type, to which 
Hamy has given the appropriate term of Negnlh, They seem 
to have much the same relation to (he larger longer- headed 
African Negroes that the small round-headed N^^os of the 
Indian Ocean have to their larger longer-headed Melanesian 
neighbours. 

At all events, the fact now seems clearly demonstrated that at 
various spots across the great African continent, within a few 
degrees'north and south of the equator, extending from the Atlantic 
coast to near the shores of the Albert Nyanza (30" E. long.), 
and perhaps, if some indications which time will not allow me to 
enter into now (but which will be found in the writings of Hamy 
and Quatrefages), even further to the east, south of the Galla 
land, are still surviving, in scattered districts, communities of these 
small Negroes, all much resembling each other in size, appearance, 
and habits, and dwelling mostly apart from their larger neigh- 
bours, by whom they are everywhere surrounded. Our informa- 
tion about them is still very scanty, and to obtain more would be 
a worthy object of ambition for the anthropological traveller. In 
many parts, especially at the west, they are obviously holding 
their own with difficulty, if not actually disappearing, and there 
is much about their condition of civilization, and the situations in 
which they are found, to induce us to look upon them, as in the 
case of the Bushmen in the south and the Negritos in the east, as 
remains of a population which occupied the land before the in- 
coming of the present dominant races. If the account of the 
Nasamonians related by Herodotus is accepted as historical, the 
river they came to, “ flowing from west to east,” must have been 
the Niger, and the northward range of the dwarfish people fiir 
more extensive twenty-three centuries ago than it is at the 
present time. 

This view opens a still larger question, and takes us back to 
the neighbourhood of the south of India as the centre from Whi^ 
the whole of the great Negro race spread, east over the African 
continent, and west over the islands of the Pacific, and to our 
little Andamanese fellow subjects as probably the least modified 
descendants of the primitive members of the great branch of the 
human species characterized by their black Mn% and frizzly hair. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE, 

CAMBRiDGE.^In a reccnt discussion on the proposed appro- 
priation of the whole of the Botanic Gardens site for Natural 
Science Departments, it seemed to be generally agreed that the 
Mechanical Department ought to ^ removed from a locality 
where it must cause vibrations injurious to microscopical or 
physical research. The suggested removal of the Herbarium 
to the Botanic Gardens was^approved of by the Professor and 
his Assistant-Curator. The proposed appropriation of the 
present Chemical Rooms for Pathology waa generally approved. 
Mr. J. W. Clark emphatically condemned the present Museum 
of Human Anatomy and Sm^ry as a discredit to the Univer- 
sity. Prof. Hughes further put in a claim that the Geolo^^cal 
Museum should extend to the extreme east of the ske, and that 
the erection of the boUldings should be begun at once. 

* Id Ms lettsrt Bmtasp^eraa dkka manos **3 M6 Inohtti blgfa, thouf li 
this nvofamm hs a sdsittlAoSllr aceuraM ohtervaiian, as diMs dU 

Ba Ids bodv Was eersmd hr thtek. stUT 

hair, idmest llkt ^ |ii» was w^h iUthe Akkas hs bsd yet axOmind. 
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The first llarkness Scholershlp for Geology artd Paleontology 
Is to be assarded in June next : names of candidates are to be 
-sent in by May next. Caqdldates must be Bachelors of Arts 
-of not more than t^ 70 -and-a^llalf years^ standing. 

The Sheepshanks Astronomical Exhibition will he awarded 
next Decern oer, at Trinity College. It is open to all under- 
'gt^tuLtes of the Univentitv, but the person elected must become 
a member of ^nity College. The conditions may be learnt 
from Dr, Glaisher, Trinity College. 


SOCIETIES AND ACADEMIES, 

London. ® 

Royal Society, April 26 — ** On the Development of the 
Electric Organ of Raia bcUis'' By J. C. Ewart, M.D., Rcgiut 
Professor of Natural History, University of Edinburgh. Com- 
municated by J. Burdon Sanderson, F.R.S. 

The paper consists of a short description of the electric organs 
found in the skate genus, and of an account of the development 
■of the electric or^n of the common grey skate {Raia hatis). 

It is shown tW while in some skates ^4/iV) the 

organ is made up of disk-sha|>cd bodies, in others {e,g,, Raia 
fiShnira) it consists of numerous cup-shaped structures provided 
withJon^orshort stems. 

The disks (with the development of which the paper chiefly 
deals) consist essentially of three layers, viz. (z) an electric plate 
in front in which the nerves end ; (2) a striated layer which 
supports the electric plate ; and (3) an alveolar layer, posterior 
to which is a thick cushion of gtlattnous tissue. Each disk is 
formed in connection with a muscular fibre, InJ young embryos 
there is no indication of an electric organ, but in an embryo 6 or 
7 cm, in length, some of the muscular fibres at each side of the 
notochord arc found in process of conversion into long slender 
-clubs having their heads nearest the root of the tail. 

The club-stage having been reached, the muscular fibre next 
assumes the form of a mace, and, later, the anterior end further 
expan^ to form a relatively large disk, while the remainder of 
the original fibre persists as a slender ribl>on*shai*ved appendage. 
As the head of the club enlarges to form a disk, it passes 
through an indistinct cup-stage, which somewhat resembles the 
-cups of the adult Raia fu/Unthit hence it may he Inferred that 
in Raia ^Uonica the oigan has been arrested in its develop- 
ment, The conversion of the muscular fibre into a club is 
largely caused by the increase, at its anterior end, of muscle- 
-corpuscles. These corpuscles eventually arrange themselves, 
either in front of the hewl of the club, to give rise to the elec- 
tric plate, or they migrate backwards to form at the junction of 
the head of the club with its stem the alveolar layer. The 
striated layer, which is from the first devoid of nuclei, seems to 
be derived from the anterior striated portion of the club. 

The gelatinous tissue between the disks, and the connective 
tissue investing them, are derived from the embryonic connective 
tissue corpuscles, which exist in great numbers around the clubs 
and developing disks. 

May 3.—** On the Relations of the Diurnal Barometric Maxima 
to certain Critical Conditions of Temperature, Cloud, and 
Rainiall.” By Henry K, Klanford, F.R.S. 

^ The author refers to an observation of Lamont^s that the 
diurnal barometric variation appears to be compounded of two 
distinct elements, viz. a wave of diurnal period, which is very 
variable in different places, and which appears to depend on the 
horUontal and vertical movements or the atmosphera and 
changes in the distribution of its mass, and a semi-diurnal 
element which is remarkably constant and seems to depend 
more immediately on the action of the sun. Then, referring to 
the theory of the semi-diumal variation, originally put forward 
by Espy, and subsequently by Davies and Kreil, the author 
points out that the morning maximum of pressure approximately 
•coincides with the instant when the tem^rature i« rising most 
rapidly. This is almost exactly true at Progye, Yarkand, both 
in winter and summer, and in winter months at Melbourne. At 
the tropical stations, Bombay, Calcutta, and Batavia, and at 
Melbourne in the summer, the barometric maxinram follows the 
instant of most rapid heating by a shorter or longer interval ; 
and the author remarks that ^is may probably be attributed to 
the action of convection, which must accelemte time of 
most rapid heating near the grotind surface ;-'while (hc l^fo- 
metric e^t, if rtai, must be determined by the cdnditlon of 


the atmosphere up to a great height. With reference to 
Lamont’s demonsti^ion of tne failure of Espy’s iheory* a ton- 
dition is pointed out which alters the data oi the prbhiem, vb, 
the resistance that must be offered to the passage of the pres* 
sure-wave throtigh the extremely cold and highly attenuated 
atmospheric strata, whose existence N proved by the phenomena 
of luminous meteors. 

With respect to the evening maxlmtim of pressure, it is pointed 
out that very generally, and especially in India, and also at 
Melbourne, there is a strongly-marked minimum in the dinmal 
variation of cloud between sunset and midnight, which, on an 
average, os at Allahabad and Melbourne, coincides with the 
evening maximum of the barometer. A similar coincident 
minimum, even more strongly marked, characterizes the diuimal 
variation of the rainfall at Calcutta and Batavia in their respect- 
ive rainy seasons. In the au thorns opinion these facts seem to 
point to a compression and dynamic heating of the cloud- 
forming strata, and he points to the existence of a small irregu- 
larity in the diurnal temperature curves of Prague, Calcutta, and 
Batavia, which may possibly he due to such action. It is further 
remarked that the evening maximum about coincides with the 
time when the evening fall of temperature,.aftera rapid reduction 
between 6 or 7 and 10 p in., becomes nearly uniform in rate, 
and it is suggested that the former may possibly he determined 
by the check of the rate of collapse of the cooling atmosphere. 
But it is observed that both the morning and evening waves of 
pressure probably involve other elements than the forced waves, 
and are in part rhythmic repetitions of previous waves. 

Geological Society, April 25. — W. T. Blanford, F.R.S., 
President, in the chair. — The following communications were 
read : — Report on the recent work of the Geological Survey in 
the Norih-Wcst Highlands of Scotland, based on the field-notes 
and maps of Messrs Peach, Home, Gunn, Clough, Hinxman, 
and Cadell. Communicated by Dr. A. Geikie. At the outset 
a review was given of the researches of other observers, in so 
far AS they forestalled the conclusions to which the Geological 
Survey had been led. Reference was made to the observations 
of Macculioch, Hay Cunningham, C. W. Peach, and Salter; 
to the prolonged controversy between Sir Roderick Murchison 
and Prof. Nicol \ to the contributions of Hicks, Bonney, 
Hiidleston, Callaway, Lapworth, Teall, and others. It was 
shown that Nicol was undoubtedly right in maintaining that 
there was no conformable sequence from the fossiJiferoUs quartzites 
anl limestones into the eastern schists. It was also pointed out 
that the conclusions of Prof. Lapworth regarding the nature and 
origin of the eastern schists involve an important departure from 
Nicol’s position, and are practically identical with those obtained 
indcpcndrntly 17 the G^logical Survey. The results of the 
recent survey work among the Archsean rocks may be thus 
summarized : (i) the eruption of a series of igneous rocks of a 
basic type in which pegmatites were formed ; (2) the develop- 
ment of rude foliation tn these masses, probably by mechanical 
movement, and their arrangement in gentle anticlines and syn- 
dines, the axes of which generally run N,E. and S.W. ; (3) 
the injection of igneous materials, mainly in the form of dykes, 
into the original gneisses, composed of (a) basalt rock®, (^) peri- 
dolite® and palteoplcrites, (c) fnicrodine-mica rocks, yi) granites ; 
(4) the occurrence of mechanical movements giviiw rise to dis- 
ruption-lines trending N.W. and S.E., E. and W.,, N.R. and 
S. W. ; (5) the effects of these movements on the dykes wbre to 
change the basalt-rocks into diorites and homblende<>echats» the 
peridotites and palawpicritcs into talcose schists, the microdine- 
mica rocks into mica schists, and the granites Into granitoid 
gneiss ; (6) the effects on the gneiss resulted in the formation of 
sharp folds trending generally N.W, and S.E,, the partial or 
complete reconstruction of toe original gneiss along the old 
foliation-planes, and finally the development of newer schist- 
I osity more or less parallel with the oromment disruptlondinea. 

I There is an overwhelming amonnt or evidence to prove tlmt all 
I these various changes bad been superinduced in the Ardiaean 
rocks in pre-Caml^an time. After reviewing the facts bearing 
on the denudation of the Archnan tand-sunace, the order m 
succession and thickness of the Cambrian strata were given, from 
which it is apparent that the deposits mdnelly increase in thiek- 
ness as we pass southwards from Dttmeas to Loch Btoom« 
Prior to the deposition of the Silurian sediments riie Cambrlaii 
strata were folded and extensively denuded^ ^ these nteans 
various Cambrian outliers were fbrmodfttr to tM east of llio 
resent Umits of to formatidn. Tbe oeder of tuoeeiston 61 to 
ilurian^strata along the Une of oomptoted structure tom 
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to Ullapool was dwcribod, reference being made to ibe 
farther fubdmsSon of ihe Fipe-rock*’ and the Ohrudaidh 
Umestones (Group I. of Durness section). None of the richly 
fOivUiferoas zones of Durness is met with along this line, as 
they occupy higher horizons. An examination of the fossils 
rcocAily ODlflin^ by the Geological Survey from the Durness 
Limestones confirms Salter's conclusions that they arc distinctly 
of an American type, the Sutherland quartzites and limestones 
being represented oy the Potsdam Sandstones and Cnlcifcrous 
Sana Group of North America, After the deposition of the 
limestones, the Cambrian and Silurian strata were pierced by 
igneous rocks, maioly in ihe form of sheets, producing important 
alterations in the sedimentary deposiu by contact>metamorphism, 
the quartzites becoming crystalline, and the limestones being 
converted into marble. When this outburst of volcanic aciiviiy 
had ceased, terrestrial displacements ensued on a stupendous 
scale. By means of powerful thrusts the Silurian strata were 
piled 00 each other, and huge slices of the old Archtean plat- 
torm, with the Cambrian ana Silurian strata resting on it, were 
driven westwards for miles. With the view of illustrating the 
extraordinary complications produced by these movements, a 
series of horizontal sections w'as described, drawn across the line 
between Kriboll and U llapooL The evidence relating to regional 
metamorphism was next referred to, from which it is obvious 
that with each successive maximum thrust there is a progressive 
amount of alteration in the displaced masses, as the ol)^>erver 
passes eastwards to the higher thrust -planes. Kventually the 
Archxan gneiss is so deformed that the pre* Cambrian foliation 
disappearii and is replaced by new divisional planc.s ; the Cam- 
brian ^rits and shales are con veiled into schists ; the Silurian 
Quartzites into quartz-schists ; tlie limestones become crystalline ; 
ine sheets of intrusive felsitc, <Uorile, and granitoid rock pass 
into aericite schist, hornblende' schist, and augen -gneiss respect- 
ively, These researches furnish a vast amount of evidence in 
suppoit of the theory that regional mclamorphism is due to tlie 
dynamical and chemical effects of mechanical movement acting 
on crystalline and elastic rocks. It is also e’ear that regional 
metamorphism need not be confined to any particular geological 
period, because in the N.W. Highlands, both in pre Cambrian 
lime and after the deposition of the Durness Limestone (Lower 
Silurip), crystalline schists and gneiss were produced on a 
magnificent scale. After the reading of this Keport, the Survey 
was congratulated on its work by tlie President, Prof. Lapworlh, 
Prof, Judd, and other speakers. — On the hori/onlal movements 
of rocks, and the relation of these movements to the formation 
of dykes and faults, and to denudation and the thickening of 
strata, by Mr. William Barlow. — Notes on a recent discovery of 
Stigmarii ficouks at Clayton, Yorkshire, by Mr. Samuel A. 
Adamson. 

Zoological Society, April 30. -Fifty-ninth Anniversary 
Meeting.— Prof. Flower, F, R.S., President, in the chair. — After 
the Auditors' Report had been read, and some other preliminary 
business had been transacted, the Report of the Council on the 
proceedings of the Society during the year 1887 was read by Mr, 
P. L. Sclater, F.R.S., the Secretary of the Society. It staled that 
the number of Fellows on January i, 1888, was 3104, showing 
a tlecrease of 42 as compared with the corresponding period in 
1887. A large number of vahiable communications received at 
the usual scientific meetings held during the session of 1887 had 
l>cen published in the annual volume of Proceedings, which 
contained 730 paces, illustrated by 55 plates. Besides this, one 
of the twemn volume, viz. Part C, of the Society’s quarto 
Transactions, illustrated by sevpn plates, had been issued, and 
severe! other parts of Transactions were in ti forward slate. 
7 'he volume of the ZoohgUal Record for 1 886 had been sent 
out in the month of January of this year to al>out 140 sub- 
scribers. The new edition of the Libra^ Catalogue, spoken of 
in the Ust Annual Report as ready for issue had been published 
last summer. Two- important additions bad been made to the 
buildings in the Society’s Gardens during the past year. The 
first of these, the wolves’ and foxes’ dens, wnich Were commenced 
in 1886, had been erected by the Society’s staff, under the super- 
vision of Mr, Trollope, by whom the plans were drawn, and 
completed in Novemoer last. The second addition was a new 
avjorv for flying birds which had been erected on the water- 
fowls' lawn, opposite the eastern avlaty. This a^dtry Is 105 feet 
h^ng, 62 feet broad, and ^7 foet high in the centre of the roof, 
which is formed of galvanized wire. The visitors to the Society’s 
Qatdens dtiring the year 1887 been *aHogethcT 56^898; 

the Qomaponding number in t 888 was 839,694. Mt, F. E, 


Beddanl, Prosector to the Society, had been appointed 
Davis Lecturer for Ihe present year, and had commenced a 
course of ten lectures on ** Reptiles, living and extinct.” Tliese 
lectures were a continuation of a series mven last year in con- 
nection with (he London Societjr for the Extension of University 
Teaching. The number of animals in th^ Society’s collection 
on the 31st of December last was 2325, of which 735 were 
mammals, 1331 birds, and 459 leptiles. Amongst the additions 
made during the past year, 13 were si>ecially commented upon as 
of remarkable inicreat. and in most cases representing species 
new 10 the Society’s cmlcction. About 29 species of mammaU, 
21 of birds, and 3 of reptiles, had bred in the Society’s Gardens 
during the summer of 1887, The Report concluded with a long 
list of the (.!{>nors and their various donations to the Menagerie 
during the past year. — A vote of thanks to the Council for their 
Report was ilicn moved by Dr. David Sharp, seconded by Mr, 
Robert Me La chi an, and carried imanimously. — I'lic Report 
having been adopted, the meeting proceeded (o elect the new 
Members of Council and the Officers for the ensuing year. The 
usual ballot having been taken, it was announced that Dr, Johtk 
Anderson, F.R.S., F. Du Cane' Godman, F.R.S., John W, 
Hulke, F.R.S., Osbert Snlvin, F.R.S., and Lord Wafsingham, 
F.K.S., had been elected into the Council in place of the retiring 
members, and that Prof. Flower, C.B., F.R.S., had been re- 
elected President, Mr. Charles Drummond, Treasurer, and Dr. 
Philip Lutley Sclater, F.R.S., Secretary to the Society, for the 
ensuing yeai, — The meeting terminated with the usual vole 
ofihai^s to the Chairman, proposed by Lord Arthur Rubscll, 
seconded by Prof. G. B. Howes, niid carried unanimously. 


Mincra’.ogical Society, May 8, — Prof. Bonney, F.R.S, 
Tieasurcr, in the chair, — The following papers were read : — 
Notes on some minerals from the Lizard, by Mr. J. J. H. Tenll. 
— Contributions to the study of pyrargyTile and proustite, with 
analyses by Mr. G. 1 '. Prior, by IMr. H. A. Miers. — On Cornish 
dufienite, by Prof. E, Kinch, — On a peculiar variety of hoi*n- 
blende from Mynydd Mawr, (Carnarvonshire ; on a picritc front 
the Clicker Tor District, by Prof. T. G. Bonney, F.R.S. 


Paris. 


Academy of Science?, May 7.— M. Janssen, President, in 
the chair,— Note on the introduction of the element of mean 
averages in the interpretation of the results of statistical returns, 
by M. J, Bertrand. A demonstration is offered of the following 
theorem : Whatever be the numl>er of urns (ballot -lioxes and 
the like) and their composition, the law of discrepancies is the 
same for a single urn of given composition ; but this um will not 
yield the des-iicd mean average. Hence in order to comp.are 
the results of statistical returns with those of abstract calculation 


two different urns must be assumed, the mean results being 
assimilaled to the drawings made from the first, and the dis- 
crepancies to the results yielded by the second. — New theory of 
the cquatoii.ll coud}' (continued), by MM. Loewy and Puiseux. 
In this paper an explanation is given of the special processes 
applicable to the cquatori.il region, and of the physical methods 
employed to estimate the flexion of the axes. In a final paper 
the results will be given which have already been obtained in 
the application of this theory to the equatorial coud 4 cA the Paris 
Observatory. — On the convergence of a continuous algebraic 
fraction, by M. Ilalphen. Three years ago the author com- 
municated to the Academy the results of his researches concern- 
ing continuous fractions, which serve to develop the square roct 
of a polynonie of the third degree. In the present paper he 
extends his investigations to the cose of a continuous fraction 


obtained by developing the function /(.r) « zSSLLZ — , — 

J/ X 

where F indicates a polyncme of the fourth or of the thiid 
degree.— On M. Mai'sieu’s characteristic functions in thermo- 
dynamics, by M. H. Le ChatcUer. It is shown that these 
functions may be presented under a form somewhat different 


from that which they are usually mode to assume, but which is 


more convenient for practical purposes.— On the variation of the 
^ecific heal of quartz with the temperature, by M. Pionchon, 
From the experiments the results of which are here tabulated 
it appears that from aljout 400^ to 1200” C. the specific heat of 
quartz is constant aud ^ual to 0*305. Thus the increase iu the 
specific heat of this mineral is entirely confined to the intcival 
between o'’ and 400 *'C-f 2 result vrhich presents several points 
of interest in cotmeetfonwith M. Joubert’s researches on the opti- 
cal properties of the seme On the theory of diamag* 
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netinnj by M. R. Blomllot. The author’s experiments tendoom- 
pletely to confirm M. £<L Becquerel's r^arding the mutud 
relations of paramagnetic ^&d diemagne^c bodies, it is shown 
that these views are in no way affectM by Tyndall’s experiment, 
w^cb faik to prove the existence of dlamu^etlc polarity, and 
which is perfectly explicable by Becquerers theory.-— On the 
'electric pnenomena produced by the ultra-violet ra3rs, by M. 
Auguste Ri^i. In connection with M. Stoletow's recent com- 
munication on this subject, the author points out that several 
of the results here given were previously^ announced by him in 
a note presented to the Academy dci Lmcei on March 4, and 
printed at the time. — On the acid phosphites of the alkaline 
metals, by M. L. Amat. To the acid phosphite of ammonia 
(P0|H0)NH40,H0, previously prepared by himj the author 
here ad^ the corresponding salts of ^tassa and soda 
^PO,HO)KO,HO and (P03H0)Na0,H0, and explains their 
method of preparation. — On the crystalline form of the tri- 
thionate of soda, by M. A. Villiers. The author has succeeded 
in obtain ing crystals of this substance, the measurements of 
which are here given,— On terpinol, by MM. G. Bouchardat* 
and R, Voiry. It is shown that certain derivatives of the terc- 
benthenes generally supposed to be identical with List’s terpinol 
are really of different composition, although presenting some 
marked analogies with that substance. G. Demeny de- 
scribes a Duml^r of instruments which he has devised for the 
purpose of accurately determining the exterior form of the 
thorax, the extent of the respiratory movements, the profiles 
and sections of the trunk, and the volume of air inhaled and 
exhaled The last-mentioned is described as a self-registering 
spirometer. ” 

Berlin. 

. Phyaical Society, April 20. — Prof, du Bois-Reymond, 
President, in the chair. — Prof. Vogel communicated the results 
of hb researches on the spectrum of cofbon. In recent times 
the spectra of all the carton compounds have been recognized 
as being those due to carbon itself the sole exception being in 
the case of cyanogen, whose spectrum was considered to be that 
of the compound, not of carbon itself. The sj^aker had 
therefrom investigated the spectrum of cyanogen, with the help 
of photography. He obtained a spectrum which marked, 
from the r^ to the ultra-violet, by very characteristic lines. 
The spectrum of a Bunsen burner was next photographed, and it 
was found that its first three lines coincide in all respects with 
those of the spectrum of cyanogen ; in addition a series of lines 
lying between the above and also in the blue were found to be 
identical in both spectra. On the other hand, the two bands in 
die blue and ultra-violet were absent in the spectrum of the 
compounds of carbon and hydrogen, l^eiog replaced by a series 
of very characteristic double lines. Prof Vogel next photo- 
graphed the spectrum, of carbonic oxide, and found that its more 
highly refracted portion corresponded completely with that of 
cyanogen^ The bands in the blue and ultra-violet were 
particularly well marked, whereas the less highly refracted half 
of this spectrum did not correspond with that of cyanogen. 
Finally, the light emitted by the electric arc was photographed, 
and its spectrum resembled in all respects that of cyanogen. 
The spenlccr drew the conclusion from these observations that 
in all four cases he was really dealing with the spectrum of 
carbon. The differences in the several spectra are not dependent 
upon differences of temperature, inasmuch as the temperature of 
a Bunsen flame is higher than that of cyanogen, and notwith- 
sUnding this the latter gave a more higmy developed and 
complicated spectrum. The speaker was much more inclined to 
assume the existence of modifications of carbon, of which one 
yields its spectrum in the Bunsen flame, the other in the flame 
of .carbon monoxide, the two spectra being met with united in 
those of cyanogen and the electric arc respectively. In photo- 
graphs of the solar spectrum, the dark b^kground on which 
the line G is conspicuous shows such a marked correspondence 
with narrow banas in all the above four spectra that the 
existence of carbon in the sun must necessarily be assum^. — 
Prof. Vogel then spoke on colour-perceptions, which he explained 
Yjj means of experiments. It is well known that when a colour- 
chart is seen illuminated by the light of a sodium flame it 
appears colourless t the yellow appears to be pure white, and the 
other colours app^r gray, graduating into black. This result k 
not observed with other monochromatic light, such as that of 
thallium or strontium. The speaker was, however, able t6 jptoduoe 
the tame result by means of coloured glasses, whether ttOf green. 


or blue ; those oolouri always appeared to be white or vuly bright 
which most strongly reflected Ute light with wmeh the ocdoisr* 
chart was niuminated, all the other emom appearing to be either 
gray or black. When a eecond monochromatic light tras addai 
to a previous one, such as blue to a ^low tight, then definite 
colour-sensations were observed, which incrensra jin nunriw 
when a third source of monochromatic light was supetadded to 
the other two. Prof. Vogel laid great stress on the perception 
of white by monocbromatic Ulnmination of a uniformly coloured 
field of view. He was not prepared to give any explanation of 
the phenomena, but simply to Bring them to notice, with the 
intention of investigating them further. 
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THURSDAY, MAY 24, 1888. 


THE POLYTECHNIC INSTITUTE. 

E very mlddle-aged inhabitant of the British Islands 
must recall more than one occasion when the mind 
of our country has been strongly stirred on the question 
of national defence. The adverse evidence of an expert, 
a rousing article in a newspaper, has often awakened 
general anxiety of more or less continuance, and followed 
by more or less adequate results. But it is far more 
difficult to awaken any widespread concern on behalf of 
those gr^at abiding national interests which it is our 
charge and heritage to defend. And yet there are signs 
of no uncertainty which must to all thoughtful and 
instructed minds, from many directions, suggest the 
questidn whether that industrial leadership which has 
hitherto made our small and crowded country the 
world’s workshop, and almost the world’s mart, is 
not slipping from us. This is a question not of 
more or less wealth or luxury, but of very livelihood to 
the masses of the people under the special conditions of 
our national existence. If work ceases to come to a 
workshop, there is nothing for it but prompt dispersal of 
the workmen. All authorities seem agreed that the popu- 
lation of five or six millions inhabiting England and 
Wales in the time of Queen Elizabeth represents pretty 
nearly what their areas can sustain as agricultural, self- 
supporting countries. But the population of England and 
Wales alone was shown by the census of i88i to have 
reached nearly twenty-six millions. So that seven years 
ago there was in the southern half of Great Britain an 
excess of twenty millions above what the country 
could reasonably support, except as a community of 
artificers and traders, and general carriers, by im- 
port and export, of the world’s merchandise. It 
needs only a glance into past history to see that this, 
while an enviable position for a nation while prosperity 
lasts, is practical extinction when the channels of com- 
merce are turned, or lost advantages have transferred pro- 
duction to new centres. Macaulay’s fancy picture of the 
New Zealander sketching the ruins of St. Paul’s from the 
broken arches of London Bridge seems of very little con- 
cern to the present citizen, whose ears are deafened with 
the ceaseless roar and traffic of the streets. And yet pre- 
cisely that doom of silence and decay has befallen many 
a proud mother-city of which now “ even the ruins have 
perished.*’ It would far exceed present limits to show in 
detaU how many articles of our own immemorial pro- 
duction we ourselves now largely import, because 
the foreign workman produces them better, or produces 
them at less cost The evidence will be fresh in the 
recollection of the readers of this journal. Neither 
can they fail to recall with what persistence we have 
pointed out the remedy. There is but orie real remedy : 
the better tritining of the workman ; and— if we may 
be aiiowed to say it — of his employer too. Everyone 
who, wlthopt prejudice, has opportunity to watch a fair 
specimen of the British workman at his work must admit 
that the ra^sr niatcrial is as good as ever it was ; that in the 
quantity and qiu^atity of the work he can turn out in a 
given thne^few of any nationality can equ«d, and none 
Vou xxxvm.— No. 969. 


surpass him. But in the training he receives, and in the 
opportunities of his receiving it, there is much left to be 
desired. And, meantime, there is not only the grave 
fear, but, in many branches of industry, the accom- 
plished fad, that other nations may and do outstrip 
us in the race. 

Perhaps there is some belated merit in seeing that 
now ; but all honour to those who, with heart and 
means to labour towards the better training of our 
artisans, devoted themselves to the endeavour when the 
need for*ii was less comparatively obvious. Honour 
especially to one man, Mr. Quintin Hogg, who, close upon 
a quarter of a century ago, at an age when most young 
men are concentrating iheir best energies on cricket, or 
football, or lawn tennis (all good things in their way), 
made it his life’s task to raise the skilled workman of 
London, and furnish him more fully for his labour, for his 
own sake and for ours. Probably most of our readers know 
how that small enterprise has become a great one indeed, 
with the old Polytechnic for its present home and centre, 
and with a fuller variety of classes and branches, and 
with a greater comprehensiveness of scheme, than wc 
can now attempt to describe. But all has hitherto 
rested on the shoulders, and been sustained by the 
purse, of Mr. Hogg himself, who, during the past six 
years, has spent, speaking broadly, some 100,000 in 
establishing and sustaining these admirable schools. But 
the time has now come when so great a burden, for the 
work’s sake as well as for his own, should no longer 
depend upon the means and life of a single man ; and 
there is now an opportunity of securing for the Insdtutc 
something like an adequate endowment. The Charity 
Commissioners have offered to endow it with ;^25oo per 
annum on condition that the public find /35,ooo as a 
supplementary fund. ;(;[ 8,000 have already been promised 
by the personal friends of the founder; but^i7,ooo still 
remain to be raised — a large sum no doubt, but a small 
one compared to our still unrivalled resources, and the 
national value of the Institute, not only for its own im- 
mediate results, but as a model for similar efforts in .all 
the great centres of our industry. Those who believe in 
science— that is, in faithfully accurate and exact know- 
ledge— as the only sure basis for any national prosperity 
that is to bear the stress of the fierce competition of our 
times, are earnestly invited to make themselves ac- 
quainted with the work of the Institute, and to con- 
tribute to its funds, ( Eighty-one thousand members 
and students have joined since it was moved to the Poly- 
technic, 309 Regent Street, in 1882, All donations or 
subscriptions will be thankfully received there, or by Mr. 
Quintin Hogg, 3 Cavendish Square, W. 


THE GEOGRAPHJCAL DISTRIBUTION OF 
THE FAMILY CHARADRIIDAt. 

The Geographical DElribuiion 0/ the Family Cliara' 
driidee; or the Plotters ^ Sandpipers^ Snipes^ and dheir 
Allies, By Henry Seebohm. (London : H. Sotheran 
and Co., 1888.) 

T his is a handsome volume of more than 500 pages, 
and it is Illustrated by twenty-one coloured plates, 
drewn in Mr. Keuleman’s best style. Mr. Seebohm has 
eschewed giving much information as to the habits of 
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these families of wading birds, and has made a special 
point of ther geographical distribution, a branch of the 
subject wtiich cannot fail to attract the interest of every 
true natuf'alisf. The introductory chapters treat of (i) 
the Classification,” and (2) the “Evolution” of Birds. 
Chapter HI. details the author’s views on the “ Diflfer- 
entiation of Species," and Chapter IV, deals with the 
“ Glacial Epoch.” Chapters V. to IX.* are devoted to the 
migration of birds, and end with a scheme of classifi- 
cation of the Charadriida ^ Here arc, in fact, enunciated 
clear!/ all the' articles of the Seebohm faith 1 
Evolutionists will probably join issue with Mr. Seebohm 
on many of his conclusions, and geologists may have 
something to say as to the possibility of glacial epochs 
causing all that the author claims for them, but ornitho- 
logists are scarcely likely to accept all his conclusions at 
once. If we are to believe Mr. Seebohm, there is very 
little progress being made in oimilbological work in the 
Old World, his sympathies being evidently more with the 
American school of ornithologists, for whose method of 
nomenclature he has great respect. The non-adoption of 
trinomial principles Mr. Seebohm attributes to the “con- 
servative views of British ornithologists,” though he is 
mindful to add : “ It is, however, only fair to remembci 
that much allowance must be made for the narrow, 
because insular, views of British ornithologists.” Shade 
of -Darwin ! The author lias singled out the present writer 
as one of those who seem to have liad “ no definite idea of 
what they meant by a sub-species” ; but we may assure 
Mr. Seebohm that in r874 we did not use the term of 
Gyps hi<(paniotensis as .1 sub-spccics of G.fulvus “in an 
absolutely arbitrary manner,” and we did not expect to 
find our nomenclature discussed under the heading of a 
“ vague use of trinomials.” Our object was to rc:ogni2e 
evident facts, but at the same time to retain a binomial 
form of name for every bird, and llie uncertainty which 
still surrounds the American metliod of trinomial names 
has not yet encouraged us to abamlon tJic simpler and 
decidedly less clumsy way of expression. Surely Mr. 
Seebohm himself must admit that to have to speak of an 
Oyster-catcher as } hnnafopus mycr aicriyi 311) is not an 
advanlage, and this is only one result of pushing trinomial 
nomenclature to its extreme. Tlierc are not wanting 
signs that the advocates of the system are beginning to 
groan under the weight of the burden they have placed 
on their own shoulders ; and when the inevitable return to 
the old simple path of binomial nomenclature takes place, 
the only tangible result will have been to have weighted 
the already frightful list of ornithological synonyms with 
an additional number of long names. Even Mr. Seebohm 
tries to modify the task of quotation of books by simplify- 
ing some titles ; as, for instance, when he speaks of 
“ Coues and Co., Check-List ” (p. 427), as if the authors 
of the admirable A.O. U. “ Check- List of North American 
Birds” had formed themselves into a Limited Liability 
Company for the manufacture of trinomials. 

Another point on which Mr. Seebohm may fairly be 
called to task is for the number of new names which 
his book propounds. On the back of the title-page he 
quotfcs Wise S^ws from the writings of John Ray (1878), 
A. R. Wallace (1^6), and Henry Seebohm (1883), con- 
cerning the necessity of having simple names for birds, 
and gbnei^ly undefstanded of the people. Here 


are his own words : — I have adopted a scheme which 
appears to me to be the most practical method of any 
which have been suggested. It may not satisfy the nv- 
quirements of poetical justice ; but it is at least consistent 
with common-sense. I adopt the name which has been 
most used by previous writers. It is not necessary fbr me^ 
to encumber my nomenclature with a third name, either 
to denote the species to which it refers, or to flatter the 
vanity of the author who described it : all my names are 
uuctorum plurimorumP Either our author had forgotten 
that he had nailed this flag to the mast when he began the 
present book, or the system of auctorum plurimorum does 
not suit the Charadriidee ; for the next student of these 
birds will find that for the 235 species enumerated by Mr, 
Seebohm, he is responsible for giving to sixty-five of 
them names not previously in vogue ; and the number 
would have been greater, had not Schlegel worked 
somewhat on the same line of ideas, while many of the 
trinomial combinations had been anticipated by Coues 
and Co.” 

The book is profusely illustrated by woodcuts, showing 
the specific characters of the difi'erent species, and these 
will be invaluable to the student of these difficult birds. 
In fact, no work has ever been so remarkably treated in 
this respect, and it will be the book of reference for the 
CharadriidiP for many years to come. The “ Keys to the 
Species "are also excellent, and Mr. Seebohm deserves 
every credit for having given us such a complete arrange- 
ment of some of the most tiresome of all the birds which 
it falls to the lot of the ornithologist to determine. Every 
naturalist who works out his facts as completely as the 
author has done is permitted to account for them by any 
theory which seems to him good ; ani Mr. Seebohm's 
arguments as to the origin of the species and their distri- 
bution are not only examples of clever writing, but are 
plausible enough if once the absolute certainty of the 
Ckaradnidcr having been driven from the Polar Basin by 
successive glacial epochs is conceded. Many ornitho- 
logists, however, will think that he carries his theory a 
little too far, as, for instance, when he places the Avocets 
and Stilts in one genus, Himantopus, How they origin- 
ally came from the nor£h, were split up in bands, became 
some of them “ semi-Stilts ” and “ semi-Avocets ” ; how 
they thought nothing of emigrating (cause not hinted 
at) from the New World across the Atlantic to the Canary 
Islands and Spain, or from the Chilian sub-region across 
the Pacific to New Zealand and Australia — these and 
many other interesting theories of distribution will reward 
the student of Mr. Seebohm's book. Most ornithologists 
will be more grateful for small mercies than Mr. Seebohm 
is, and thank Dame Natuue for having giveti them charac- 
ters whereby in a few lines a genus can be written down. 
Take, for instance, the members of the genus Esacus^ 
which Mr. Seebohm unites to XEdicnemus^ and yet his 
woodcuts show that the former genus has an enormous bill, 
longer than the head itself — surely a genuine character of 
importance. Then, again, Anarhynckus^ with its asym- 
metrical bill —confined to New Zealand — need not be 
united to Charadrius so on. With his theory of 
distribution strong in his mind, the Avocets, with up-tutned 
bill, are united to the Stilts, with their straight bill, becatiie 
Mr. Seebohm has no doubts as to their eopitnaii origin 
in the distant past ; but looking the preettlit klmtkt 
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identical distribution of Himantopus melanopterus and 
Hecurvirostra avocetia^ H. mexicanus and R. americanay 
it would seem as if they had long ago been separated as 
distinct generic forms, as they would have no business 
ta occupy the same areas, if Mr. Seebohin’s theory were 
true. Is it not possible that they were developed as 
Avocets and Stilts in very remote times, and that similar 
causes have driven them to occupy the same areas of 
distribution? And may not both have had a southern 
instead of a northern origin? Thus Cladorhynchus in 
Australia, Himantopus andinut in the Andes (apparently, 
from Mr. Seebohm's illustration, belonging to a distinct 
genus), and the various species of Stilts in Australia, New 
Zealand, and Brazil, would remain as isolated species of 
a former stock, which probably inhabited a continuous 
area in the South Atlantic and South Pacific Oceans. 
Where circumstances were favn arable to their stay, some 
may not have migrated northwards, and the differences 
in some of the southern species could be accounted for 
by tbeir subsequent isolation, rather than by their incon- 
sequent flight from Chili to New Zealand, as Mr. Seebohni 
supposes. 

Besides the woodcuts of heads, tails, &c., and other 
specific characters, the present volume is crowded with 
woodcut illustrations by Mr. John Millais, Mr. Lodge, 
and Mr. Holding. I'hey are mostly extremely well done, 
but Mr. Millais seems a little inclined to fashion his Waders 
on the model of a peg-top. 

R. Bowdi.kr .Shakpe. 


THE MINERALS OF NEW SOUTH WALES, 

The Minerals of New South Wales^ By A. Liver- 
sidge, M.A., F.R.S., Professor of Chemistry and 
Mineralogy in the University of .Sydney. (London ; 
Triibncr and Co,, Ludgate Hill, 1888) 

I T was a very happy thought of Prof. Liversidge to 
celebrate the centenary of the foundation of the 
colony of New South Wales by the publication of this 
handsome and comprehensive volume. Giving, as it 
does, a very clear account of what is known of the mineral 
resources of the oldest of the Australian colonies, it 
brings clearly before the mind of the reader how much 
has already been accomplished in developing the subter- 
ranean resources of an important part of the British 
Empire, and how large is the promise for the future. 
The term ** mineral,*’ wc may mention, is not employed 
in this work in its narrower scientific sense ; coals and 
oU-shales, and even mineral waters, receiving a due 
amount of notice in it. 

The basis of the present work is found in a paper pub- 
lished by the author in the Transactions of the Royal 
Society of New South Wales, in 1874, of which memoir 
a second edition was published by the Mining Depart- 
ment of the colony in 1882, Prof. Liversidge has added 
very largely to his original memoir ; and the numerous 
analyses of minerals and rocks, made by himself, Mr. W. 
J. Dixon* F.I.C., and the Government Analyst of the 
Mining Department, greatly increase the value of the 
book. Owing to the absence of the author from the 
colony during the past year, the work has been printed 


and issued in this country ; but, as a proof of the manner 
in which the book has been brought fully up to date, 
we may note the statement, on p. 185, of the dis- 
covery, by Mr. T, W. Edgworth David, of the Geological 
Survey of New .South Wales, of the sparsely distributed 
mineral leucitc in the Australian colony, the fact having 
only been announced to the Mineralogical Society so 
recently as October jn last year, 

A considerable amount of space is naturally devoted 
to discussions concerning the occurrence of the precious^ 
metals — tBc account of gold occupying 34 pages, and that 
of silver 13 pages. The interesting .series of assays of 
New South Wales gold, and an account of the chief 
nuggets found in the colony, are of much interest, Iri 
connection with this subject, we have in the work before 
us a very clear and concise, but very carefully drawn up, 
statement concerning the often-disputed question of the 
original discoverer of gold in Australia. The author states 
his facts and sources of information, taking groat care to 
give references in all cases, and those interested in the 
question will have little difficulty in arriving at a decision 
as to the relative merits of the claims which have been 
put forward on behalf of Count Strzelccki, the Rev. W. 
H. Clarke, Sir Roderick Murchison, and other less known 
individuals, to whom the discovery has been ascribed. 
One of the most interesting and instructive among the 
many tabular statements in this work is that which in- 
dicates the number of minerals which have yielded, on 
assay, larger or smaller quantities of gold and silver. 
This table seems to indicate that, even should the alluvial 
washings and quartz-reefs be exhausted of their auriferous 
rontenu, there still remain in Australia many available 
and very valuable sources of the preciou.s metals 

Still more important in its bearing on the future wel- 
fare of the colony is the account of the common metallic 
ores, and of the coal, lignite, and oil- shale deposits. 
There are few, if any, of the metals used in the arts, of 
which abundant sources of supply are not found within 
the limits of the colony. The coal-ficJds arc said to cover 
about one-half tlie area of those of Great Britain, and 
numerous analyses and other details enable us to judge 
of the quality of the fuels which they yield. In the dis- 
cussion of this important question, Prof. Liversidge’s great 
knowledge and experience as a chemist invest his opinions 
with the highest value. 

Although the book is not a technical mineralogical 
treatise alone, mineralogists will find very careful descrip- 
tions of all the minerals, including the gem stones, which 
have been found within the colony. Their study of the 
subject will be much facilitated by the large coloured 
map which forms a frontispiece to the volume. 

In concluding this notice we cannot but congratulate 
the author upon the enterprise and energy which have 
enabled him to prepare such a treatise as the present 
one. The objects aimed at in such books as Zepharovic’s 
** Mineralogisches Lexicon fiir das Kaiserthum Oester- 
reich ” may seem at first sight incompatible with those to 
which works like Mr. Albert Williaihs’s ** Mineral Re- 
sources of the United States” are devoted; but Prof. 
Liversidge has shown that this is by no means the case, 
and he has achieved the feat in the case a young and 
rising colony, wliere the difficulties of the undertaking 
must have been more than usually great. The colony, 
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too, is to be congratulated on its good fortune in having 
as an occupant of the Chemical Chair in its University, 
one who has shown himself so successful in attaining 
practical, while not losing sight of the scientific, results 
of his researches. 


OUR BOOK SHEi^F. 


Elemintary Chemistry. Uy William S. Furneaiix, 

F.R.G.S., Science Demonstrator, London School 
Board, (London ; Longmans, Green, and C^)., i888.) 

The main object of this little work is to assist young 
students intending to sit for the chemistry examination of 
the Science and Art Department in the new alternative 
elementary stage. It appears to be, in fact, an illustrated 
expansion of the detailed syllabus published by the 
D^artment in their Directory. 

The want of such a work has possibly been felt by 
many teachers of this alternative’' or **naturar' 
chemistry, which appears to be rapidly becoming more and 
more popular with young beginners. There is something 
truly fascinating in learning these mysteries of common 
things, and, what is still more important, the knowledge 
gained has its practical applications in every-day life. 
In order to afford teachers some idea of the methods 
recommended of performing the class experiments them- 
selves, the Department have caused to be placed in the 
western galleries of the South Kensington Museum a 
pmplete set of apparatus, as simple and inexpensive as 
is compatible with the object in view, arranged under the 
personal direction of the examiners, to illustrate the 
method of performing each of the experiments indicated 
in the syllabus. It is to be hoped, therefore, that all who 
are interested in the teaching of the alternative elementary 
stage of chemistry, anJ who can conveniently do so, will 
avail themselves of this opportunity of comparing the 
exj^ri mental methods there recommended with those 
which they themselves have previously adopted. One 
cannot help thinking that many of the methods illustrated 
by Mr. Furr»eaux are much too complicated, and it is to 
be regretted that his book was in the press before the 
completion of the collection in the western galleries, 
whicn was accomplished about two months ago. 

The majority of the theoretical explanations leave little 
to be desired. The ideas of the author, however, as to 
the nature of the Bunsen flame appear scarcely to accord 
with more recent investigations, the effect of mixture with 
an inert gas being entirely overlooked A. E. T. 


Companion to the Weekly Problem Papers, By the Rev. 

John Milne, M.A. (London ; Macmillan and Co 

1888.) 

The title of this work gives no adequate idea of its 
contents. It consists of some 340 pages, which, if about 
w pages be excepted, are devoted entirely to geometry. 
Besides the author, several other mathematicians are 
contributors, viz. Mr. R. F. Davis, Prof. Genese, Rev. T, 
C. Simmons, and Mr. E. M. Langley. 

The object of the book seems to be to give prominence 
to whAt is here designated “ The Modern Geometry of 
the Triangle.” This is seen to consist of a group of 
pretty theorems which arise from a consideration of the 
^ points ” and the “ Lemoine point ” of a triangfe. 

I he successive chapters bear the titles, “ Anliparallcls, 
sogonals, and Inverse Points,” ‘‘ The Brocard Points ancf 
Br^ard EUij>se, The Lemoine Point and Triplicate 
l^tio prcle, The Brocard Circle and First Brocard 
TnangV' Jncker Circles,” '^Tbe Cosine and 

Faylor Circles,” '‘The Co-Symmedian and Co-Brocardal 
Tnanele^and Miscellaneous Theorems and Construc- 
tions. They comprise a good and almost cohiolete 
account of the present knowledge of these subjects. 


Dn p. 180 there is a rJsumJ of the bibliography, 
which has evidently been carefully compiled by the knot 
of enthusiasts in ihii country who have followed in the 
footsteps of M. Le noine M. Brocard, M. Vigaritf^ Prof 
Neuberg, M. Catalan, and others. To these investigators 
on the Continent most of the results here given were 
known prior to 1881 ; they were subsequently arrived at 
independently by mathematicians in England who were 
unacquainted with the work already accomplished, in the 
same field of research, abroad. In fact, in the rSsum^, 
discoveries, and rediscoveries, and rediscoveries of re- 
discoveries succeed one another in bewildering fashion. 
The reasons which have led to the nomenclature in 
certain cases are difficult to fathom. We find, for 
instance, a circle associated with the nams of one mathe- 
matician, when, admittedly, the same circle had been 
examined by a Continental investigator some years 
previously, whose name, if name be necessary, it ought 
to bear. 

The algebraic portions comprehend sections on 
“Theory of Maximum and Minimum," “Theory of 
Elimination,” “ Summation of Series,” “ Binomial Series,” 
and “Algebraical and Trigonometrical Identities.” 

The book will be chiefly useful to those who take an 
interest in recent triangular geometry ; it will enable them 
to refer to original sources in Continental mathematical 
publications, and to follow further developments in English 
magazines. They will also find collected here most of 
the leading propositions given in a form which is without 
doubt both judicious and attractive. 

I Elementary Hydrostatics ^ with Numerous Examples 
and University Papers, By S. B. Mukerjee, M.A. 
(Calcutta: Thacker, Spink, and Co., 1888.) 

j The compiler of this handy little work is Assistant Pro- 
1 fessor of Mathematics in the Lahore College, who, having 
been, as is the wont of his order, unable to select from 
the nu nerous text-books in existence one which seemed 
fully to meet the wants of his classes, has culled his ele- 
gant extracts from them, and so got what he wanted. 
This proceeding is a good one for his pupils, and saves 
them the trouble and expense of purchasing and reading 
many text-books. The selection is well made, and the 
compiler suitably acknowledges his indebtedness to the 
English writers (especially to Dr. Besant’s classical work). 
The subjects handled are definitions and first principles, 

^ density and specific gravity, equilibrium of fluids, total 
pressures and resultant pressures on immersed su^aces, 
floating bodies, on air and gases, determination of 
specific gravities, and the application of hydrostatical 
principles in the construction of instruments and ma- 
chines. Then follow several papers of problems set in the 
Calcutta University Examinations from 18^ to 1884; and 
the book closes with an appendix of formulae to be re- 
membered, and another appendix which gives a short 
history of the growth of the principles of hydrostatics, 
taken for the most part from Whewell's “ History of the 
Inductive Sciences,” In the body of the work are given 
numerous illustrative examples, many of which have been 
carefully worked out. Putting on one side the manufac- 
ture of the book — and herein, perhaps, Mr. Mukerjee is 
only more honest in making known his indebtedness than 
m.iny are in the writing of tect-books— we can congratu- 
late the students on ha'ung such a good work in their 
hands, and can indorse the favourable opinion expressed 
upon it by Prof. T. C. Lewis, Principal of the College. 

Arithmetic for Beginners: a School Class-boob of 
Commercial Arithmetic. By the Rev. J. B. Lock, M.A. 
(London : Macmillan and Co., 1888.) 

It is not necessary to report upon this little book at any 
length. It 18 founded upon the author’s larger work, but 
modifications as to arrangement and treatment of some 
of tM Bub|Mt 8 and as to the exami^ have been intro- 
duced. Then, with an eye to the requirements of the 
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examination for commercial certificates, a chapter on 
exchange and foreign money has been added (in a worked- 
out example on p. 151 there is an error of some pecuniary 
magnitude), and the chapter “ On Recurring Decim ils, 
not required by Commercials/' finds a place at the close 
of the text. Mr. Lock is generally so careful in his 
explanations that we are surprised at his omitting all 
reference to brokerage in his account of the transferment 
of stock. Numerous examples are given in the text, 
and six examination-papers and answers to all questions 
complete a capital hand-book. 

LETTERS TO THE EDITOR. 

[T^tf Etiitor dots not hold kimstlf respomiblt for opinions 
txprtsstd by kis correspondents. Neither can he under- 
take to return^ or to correspond with the writers of 
rejected manuscripts i. it ended for this or any other part 
of Nature. No notice is taken of anonymous communi- 
cations.'] 

Weight tnd Mass. 

PROK. Greknitill, in bis letter which appears in Nature 
of May 17 last (p. 54)* has n;nin repeated his views on the use 
of the word 7 veij^ht. He has not, however, replied to the 
criticisms of those who differ from him (see Nature, vol. xxxvi. 
pp, 221, 317). 

His opponents wish to know how practical engineers who use 
the word weight as synonymous with the physicists' mass, treat 
a problem involving inertia. Prof. GrecnhilJ has not yet 
given us an example of such a problem taken from some modern 
text-book of the practical engineer ; nor has he yet given us in 
simple language a definition of weight. Prof. Greenhill some 
time ago referred me to Kennedy's “ Mechanics of Machinery ” 
for such a definition, but 1 veniui e to 'say that there is no such 
definition to be found in that standard work. 

My own idea is as follows : Matter has many properties — 
inertia, weight (the force with which the earth pulls it), volume, 
&c.— and Newton’s great discovery consisted partly in seeing 
clearly that the universal property of matter by which it must 
be measured is its inert ia^ defined as its capacity for resisting 
change of velocity. 

The mass of a body is that which can be ascertained by the 
operation of massing ; such an operation, that is, as the follow- 
ing : Tea given lump of matter apply some strain or force, and 
observe the acceleration produced in the matter by that force ; 
then ascertain by experiment to how many lumps of matter called 
pounds this same force will communicate an equal acceleration. 

The weight of a body is that which is ascertained by the 
operation of weighing. I'o weigh a body it is placed on a 
spring balance, and the force of the earth’s attraction is ob- 
served by showing the compression of the steel spring of the 
machine. 

It happens, however, that the mass of a body is proportional 
to its weight ; consequently it is sufficient to ascertain whether 
the weights of two masses arc equal in order to ascertain that 
their masses arc equal. The weights of two masses are ascer- 
tained to be equal by putting them each on one side of a 
balance, and observing that the force of the earth’s attraction 
on each is the same. Hence the very difficult operation of 
massing os described above is replaced by the easy operation of 
weighing. 

Prof. Greenhill tells us that “now the invariable unit, the 
mass, is measured in terms of a variable unit.” Is this so ? Is it 
not a fact that those who use exclusively the force of the earth's 
attraction as the measure of matter, rarely if ever have any 
conception of the idea of inertia? When the practical engineer 
has to do with inertia, as in cases of ** centrifugal force f he 
works by formulae or rule of thumb. 

Prof, GreenhiU's sentences, “a force equal to the weight of 
the mass of 10 pound weight^/’ and “the weight of 32 pound 
weights on the Earth Is at the surface of Jupiter a force of 71 
pounds’ weight,” are entirely original. 

I believe he means to express “ the weight of 10 pounds,” and 
the we%ht of 3a pounds on the earth is a force equal to the 
Wi^ht of 71 pounds on the surface of Jupiter. 

Cains Colle^, May 21. John B. Lock. 

Work and Energy, 

While a discussion of the BomeneKsture of mechanics is going 
on in Natueb, 1 would venture to fuggei-t that an effort s^uld 


be made to get rid of the practice of expressing energy in foot- 
pounds or foot-poundals. There are certain quantities of work, 
not of energy. To speak of a foot-pound of energy is quite as 
incorrect as it would be to speak of a pint of velocity, a yard of 
acceleration, an acre of momentum, or a pound of duration. 
There is great need of a short name for the unit of 

Bardsea, May 21. Kdvvard Oeoghegan. 

On the Reappearance of Pallas’s Sand Grouse 

{Syrrhaptes paradoxH‘i) in Europe. 

T BEG to 
of May 1 2 
(see Natu 
A pril 22, Gernozitz, Bohemia, 

,, 26, Poriitr, near Leipzig, .Saxony. 

,, 27, Guttmannsdorf, near Reichcnhach, Silesia. 

,, 27? near Hanover. 

,, 27-28, near Herinannstadt, Transylvania. 

,, 29, Marmarosch-Comit.'ite, Hungary, 

Last days of April : Alsofcher-Comitnte, Transylvania. 

Gebhardsdorf, SiIe^ia. 

Brod, Bohemia. 

First days of May: Tullner- field, near Vienna, 

Moravia. 

Hungary. 

Knzersdorf, near Vienna. 

Anclara, Poinerani.i, I’russia. 

May 6, Haida, Bohemia. 

,, 6, Eidclstedt, near Hamlmrg. 

,, 7? near Schweinitz, Silesia. 

,, 7, Oederan, Saxony. 

t» 7 » 6.30 a.m., near Oederan, Saxony. 

,, 8, Wiener Neusladl, Austiia. 

,, 8? Dalmatia, 

,, 8? Grossvoigtsberg, Saxony, 

,, 8? near Leipzig, Saxony. 

,, 8? near Ilerrenhut, Saxony. 

,, 9, Oederan, Saxi ny, and nearly' every following day 

there. 

,, 13, Selb, Saxony. 

,, 13 ? Gro' svoigtsberg, Saxony. 

,, 13, Schluckenau, Bohemia. 

,, 16, 5 p.m, Oederan, Saxony. 

A. B. Meyer. 

Royal Zoological Museum, J>resden, May 20. 

A farm in this neighbourhood was visited yesterday by a 
flight of about forty sand-grouse (pin-tailed). They were first 
seen about 6 p.m, feeding on a ploughed field. On rising 
they took a north-westerly course. pair which were shot by a 
gamekeeper are in my posse- sion. The presence of these birds 
in our country is, I believe, of sufficiently rare occurrence to 
justify me in asking whether they have been noticed in other 
districts during the last few days. ' F. M. Campbell. 

Rose Hill, Hoddesdon, HeHs, May 21. 

Tables of Reciprocals. 

In investigating spectral phenomena it is often necessary to 
convert wave-lengths in frequencies. Can any of your corre- 
spondents inform me if there exist in England tables of reci- 
procals, by which this may be done easily and with sufficient 
accuracy? V. A.JULIUS, 

Delft, Holland, May 19. 

On the Veined Structure of the Mueller Qlaclerf 
New Zealand. 

The Mueller Glacier, in the Mount Cook district, has a total 
length of between six and seven miles, with a breadth of one mile 
in its lower portion. Like most, if not all, of the New Zealand 
glaciers of the first order, the lower mile or two is so thickly 
covered with rook debris that the ice can only be seen in the 
crevasses* AH tHrough the lower portion of the glacier the 
veined or ribboned structure is well marked, running nearly in 
the direction of the glacier. But at the terminal face there are 
two systems of veined structure, with the same strike but crossing 
one another at angles between is'* end 20°. In one system the 
blue bands ace smell, from a half to one inch thick, and separ- 
ated from eadi other by liands of white ice, with large air- 
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bubbles, about twice the thickness of the blue bands. 7'be blue 
bamls sxt ieregular and sometimes anastomose. This system is 
similar to the veined structure found higher up the glacier. 

The second system is formed by large and regular blue bonds 
from three to sIk inches broad and from two to six or more feet 
apart. This coarser system is only occasionally developed. 
The finer system forint a well-maiked synclinal curve on the 
terminal ice cliffs, which are from 250 to 3C0 feet high. 

The ice h^ne contains in places numerous antjular stones, 
principally of slate, scattered irregularly through it, and these 
fragments al\^ays have their broad, or cleaved, surfaces 
parallel to the smaller system of veins. These stones have no 
doubt entered the ice through the numerous mouiins and 
crevasses which are found higher up the glacier, but as they are 
not found in bands nor in pi[»cs, they must have been moved in 
position by the flowing of the ice, consequently they must 
originally have been variously oriented, arwl their piesent 
parallelism to the veins is a decisive proof that the smaller 
.‘‘ystem is due to pressure at light angles to the structure. The 
origin of the coarser system is not so cleai. I did not notice it 
higher up the glacier, as 1 ouglu to have done if it had been an 
older system than the smaller veins. While, on the other hand, 
if it is a new ei system the r(,)ck fragments would probably have 
been oriented parallel with it instead of with the finer system. 

'I'he clear blue ice. is generally supposed to resist melting 
better than the white ice, and to stand out in ridges ; but I 
observed nothing of this on the Mueller Glacier, lioth kinds t>f 
ice melt here w'lth about equal rajiidity. 'Phe grooving of the 
ice, by runlets of water, is certainly parallel to the structure 
when lliat sIrncUire is vertical or highly inclined ; but the 
grooves are formed in several layers of both kinds of ice, and it 
seemed to me that iltu l)liie ice melted rather more rapidly than 
the white ice. 1 cannot suggest any cause for this difference 
between the ice of the Mueller Glacier and that of the Swiss 
glaciers. F. W. HuTTON. 

Christchurcli, New Zealand, Afatcli 22 . 

On the Rainfall and Temperature at Victoria Peak, 
Hong Kong. 

Tuft, first column of tlie following table shows the month of 
the year ; the second, the mean rainfall at the Observatory 
(about foo feet above the sea) from ten years’ records ; the 
third, ^ the mean of the past (oiu years' fall ; the fourth, same 
for Victoria Peal; (about iSoo feet above the sea) j the fifth, 
the proportion between the figures in the two preceding 
columns ; the sixiJi, ilic height of ascent in feet for one 
Fahrenheit degree of decrease of temperaluve (mean of the 
past four years) : — 


1. 

ri. 

III. 

IV. , 

V. 

vr. 

January 

.. j -47 

2-97 

4 ' 6 j 

rsfi 

2S8 

February ... 

.. r 06 

2 ’30 

3-56 

1*55 

305 

March 

. 3'53 

3 - 4 > 

3 60 

1-06 

489 

April 

6-55 

7 '89 

919 

1 -16 

407 

May 

.. 9*82 

4-86 

6 29 

1*29 

309 

June 

..12 67 

14-42 

16-71 

I -i6 

259 

Ju'y 

. 16-41 

16-55 

20-29 

1*23 

274 

August 

,,i 6 ' 9.3 

IS 27 

17-53 

1-15 

289 

September... 

9'«9 

7-98 

7-01 

0-88 

283 

October 

.. «;'o6 

2 ’S 7 

2 -06 

o*So 

281 

November... 

.. V04 

0-77 

1*19 

i '54 

267 

December ... 

.. o '49 

0-97 

I '21 

1-25 

278 

Year 

...85-52 

79-96 

93 '^7 

I-I7 

3^0 


The rainfall at the Teak exceeds the record at (he Observatory 
by about one^ sixth of the whole amount, and this appears to be 
due to the circumstance ili.it the mountain presents an obstacle 
to the wind from whatever side it blows, in consequence of 
which the air is forced to rise, and being thereby cooled it pre- 
cipitates more moist vuc in the form of rain. Even when the air 
is moderately dry at sen-Ievc! its temperature may be decreased 
Iwlow the d«w*point in the course of such a ri'^e. . The compara- 
tively great rainfall in hilly districts must beattributed to this, for 
a hill must of cottrse exercise its influence at a distance all round. 
Our rainfall would therefore be smaller if there were no hills 
in this neighbourhood. But during the months of September 
and October lets rain is collected at the upper level. This is 
explained, h^ the drcomstance that mo.st of the rain in those 
montha is due to typhoons, wlien the air is everywhere as- 


cending, even above the open sea ; and the defect at the Peak ia 
most noticeable daring the raging of a typhoon. The fact 
less rain is measured above musti however, be farther investi- 
gated. It is very doubtful whether it would not he as well to ear 
jxise the funnels of the gauges 4 feet above the ground, where they 
would not be so much affected by the rain drifting along the 
surface of the earth in typhoons, as to have them 1 fool above 
the grass, as is the case here. 

The last column of the table proves the great variability ol 
the fall of temperature with increasing he^ht. It depends 
iqion the humidity of the air. ITie astronomical refraction near 
the hoiizon must be affected by this, but it is rather doubtful 
whether the effect should be ascertained by comi>aring observed 
refractions with m el eorol epical registers kept on mountains on 
account of the condensation of moisture which tends to raise 
the temperature on the top of the hill. But it would appear to be 
lime that some astronomer studied the refraction in connection 
with daily weather-maps, seeing that the variation of tempera- 
ture with increasing height is so different in cyclones and 
anticyclones, (Jf course near the centre of a cyclone it is 
scarcely possible to make astronomical observations, Bessel’s 
theory of refraction is considered a failure within 5* of the 
horizon. Ivory’s theory might possibly be made to account 
for the refraction nearly down to the horizon by observing the 
value of the conj-tant/in connection with the isobars. It, on the 
whole, represents the variation of temperature high up in the air 
as estimated by meteorologists. W, C. DOBEKCK. 

Hong Kong Observatory, February 11. 


Problem by Vincentio Viviani. 

'I’o pierce in an hemispherical dome four windows such that 
the remainder of the surface shall be exactly quadrable. It was 
solved by Leibnitz, J. Bernoulli, and others. Viviani himself, 
in 1692, pulilished the construction, but without proof. Divide 
the base of the dome into quadrants ; on the fimr radii as dia- 
meters tiacc semi circles, one in each quadrant ; the four right 
semi cylindi rs, of which these are the bases, will pierce the dome 
in the required windows. The following simple pi oof, for which 
T am subsianti.illy indebted to Prof, Francis W. Newman, 
would piol)aidy interest many renders of Nati;rv, : — 

OXVZ is cpiaiter of dome ; AB, generator of cylinder meeting 
dome in B ; BCD, plane parallel to base. Hadiils of dome — - R = 
OX OB;nngleCDB = XOA = 0; DC == DU = OA ^ Rcosff; 
OB. cos BOA = OA ^ U. cose; .‘.BOA arc KB = 



arc BC = 0 . R cos 0. Element of surface of window is BC . 

= R’0 . cos . 0 . surface of window is the intep^I of this 

from 0 ~ o to 0 = It. Integrating by parts, and taking limits, 
surface of window = R® (Jv - j) ; the remainder of the surface 
XYZ is R^, which is exactly quadrable. Q.E.D, 

Ccr, The quadrable part of the quarter-dome is equal to the 
surface of the semi- cylinder which is within the dome. For, if 
AB » a, and arc XA « r a R0, element of surface of the 
cylinder is s . «/r ** R* . sin 0 . (/0 ; the entire surface within 
the dome is the integral of this from 0 as 0 to Iw, via* 

A general discussion of Viviani’s problem may be seen in 
Lacroix, **Traitd du Calcul Differentiel et da Calcnl Integral/’’ 
tome il pp. 2t9-aa. EmvAKD GEoOHBoAtff. 

Bardsea, May z. 
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SUGGESTIONS ON THE CLASSIFICA TION OF 
THE VARIOUS SPECIES OF HEAVENLY 
BODIES.^ 

VI. 

ON THE CAUSE OF VARIATION IN THE LIGHT OF 
BODIES Of GROUPS I. AND II. 

I. Gp:neral Views on Variability. 

I N my former paper I referred to the collision of 
meteor-Bwarms as |Mroducitvg • ** new stars,” and to the 
periastron passage of one swarm through another as 
producing the more »&!t less regular variability observed 
in the case of some stars of the class under consideration. 

1 propose now to esmsider this question of variability 
at somewhat greater lec^h, but only that part of it which 
touches non- condensed swarms ; ue, 1 shall for the pre- 
sent leave the phenomena of new stars, and of those 
whose variability is caused by eclipses, aside. 

It is not necessary that 1 iuoukl pause here to state at 
length the causes of stellar variability which have been 
suggested from time to time, it will suffice, perhaps, 
that 1 should refer to one of the first suggestions which 
we owe to Sir 1. Newton, and to the last general discus- 
sion of the matter, Which we owe to Zdllner (‘‘Fhoto- 
metrische Untcrsuchungen,” 76 and 77, p. 252). 

Newton asetibed that special class of variability, to 
which I shall have most to refer in the sequel, as due to 
the appulse of comets. 

Sic etiam stellar fixre, qua? paulatim expirant in lucem 
et vupores, cometis in ipsas incidentibus refici possunt, et 
aHmento accensa pro stellis novis kaberi, Hujus 
generis sunt sielhe fixae, qu« subito apparent, et sub 
initio quam maxime splendent, et subinde paulatim evan- 
cscunt. Tabs fuit Stella in cathedra Cassiopeia? (piam 
Cornelius Gemma octavo Novembris 1572 lustrando 
illam cccli partem nocte serena minime vidit ; at nocte 
proxima (Novem. 9) vidit fixis omnibus splendidiorem, et 
luce sua vi\ cedentem Veneri. Hanc Tycho Braheeus 
vidit undecimo ejusdem mensis ubi maxime splenduit ; 
ct ex eo tempore paulatim decrescentem et spatio men- 
sium sexdecim cvancscentem observavit” (“ Principia,” 
p. 525, Gla.sgow, 1871). 

With regard to another class of variables he makes a 
suggestion which has generally been accepted since. 

“ Sed fixjE, qua? per vices apparent ct evanescunt, 
qua?que paulatim crescunt, et luce sua fixas tertia? 
magnitudinis vix unaunm superant, videntur esse generis 
alterius, et revolveudo partem lucidam et partem obscu- 
ram per vices ostendere. Vapores autem, qui ex sole ct 
stellis fixis ct raudis cometarum oriiintur, incidere 
possunt per gravitatem suam in atmosphaeras planetanim 
ot ibi condensari et converti in aquam et spiritus 
humidos, et subinde per Icntum calorem in sales et 
siilphura ct ti net liras ct limum et lutuin ct argillam ct 
areftam et lapides et coralla et substantias alias lerrestres 
paulatim migrare.” 

Zdllner, in point of fact advancing very little beyond 
the views advocated by Newton and Sir VV. Herschcl, 
considers the main causes of variability to be as 
follows. He lays the greatest stress upon an advanced 
stage of cooling, and the consequent formation of scoriae 
which float about on the molten mass. Those formed at 
the ]Mle3 are driven towards the equator by the centri- 
fj^d force, and by Uie increasing rapidity of rotation 
they are compelled to deviate from their course. These 
facts, and the meetiitg which takes place between the 
molten matter, flowimig^iin im o^qiosite direction, influence 
the form and position df the cold nOft4uminous matter, 
and hence vary the rotational effects, and therefore the 

• The Bskerlmi I.«ctur«. delivered at the Royal Society on April la. by 

J. Nonaon Leokyar, F.ltS, Coatfauied from p. 60. 


luminous or non^uminous appearance of ikfi body to 
distant observers. 

This general theory, however, does not exclude other 
causes, such as, for instance, the sudden illumination of a 
star by the heat produced by a collision of two dark 
bodies, variability produced by the revolution of a dark 
body, or by the passage of the light through nebulous 
light-absorbing masses. 

If the views 1 have pul forward arc true, the objects 
now under consideration are those in the heavens which 
are least condensed. In this point, then, they differ 
essentially from ail true stars like the sun. 

This fundamental difference of structure should be re- 
vealed in the phenomena of variability; that is to say, 
the variability of the bodies we are now considering 
should be different sn kind as well as in degree from that 
observed in bodies like the sun or a Lyra?, taken as 
representing highly condensed types. There is also little 
doubt, I think, that future I'esearch will show that, 
when we get short-period variability in bodies like these, 
we are really dealing with the variability of a close 
companion. 

II. On the Variability in Group I. 

That maru' of the nebulas arc variable is well known, 
though so far as I am aware there are no complete re- 
cords of the spectroscopic result of the variability. But 
bearing in mind that in some of these bodies we have the 
olivine line by itself, and in others, which are usually 
brighter, we have the lines' of hydrogen added, it docs not 
seem unreasonable to suppose that any increase of tem- 
perature brought about by the increased number of col- 
lisions should add the lines of hydrogen to a nebula in 
which they were not previously visible. 

The explanation of the hydrogen in the variable stars 
is not at first so obvious, but a little consideration will 
show that this must happen if my theory l>e true. 

Since the stars with bright lines are, as 1 have attempted 
to show, very akin to nebula; in their structure, we might, 
reasoning by analogy, suppose that any marked variability 
in their case also would be accompanied by the coming 
out of the bright hydrogen lines. 

This is really exactly whal happens both in ^ Lyne 
and in y Cassiopeiae. In ^ Lyric the appearance of the 
lines of hydrogen has a period of between six and seven 
days, and in y CassiopeicC they appear from time to time, 
although the period has not yet been determined. 

III. On the V^AUiABri.iTY IN Groi;p IL 

This same kind of variability takes place in stars with 
the bright flutings of carbon indicated in their spectra, 
o Ceti being a marvellous case in point. In a (jrionis, 
one of the most highly-developed of these stars, the 
hydrogen lines are invisible ; the simple and sufficient 
explanation of this being that, as I have already sug- 
gested, the bright lines from the interspaces now at 
their minimum and containing vapours at a very high 
temperature — lesle the line-absorption spectrum now be- 
ginning to replace the flutings— balance the absorption of 
the meteoritic nuclei. 

Anything which in this condition of light -equilibrium 
will increase the amount of incandescent gas and vapour 
in the interspaces will bring about the appearance of 
the hydrogen lines as bright ones. The thing above all 
things most capable of doing this in a most transcend- 
ental fashion is the invasion of one part of the swarm by 
another 0(De movingiwith a high velocity. This is exactly 
^et 1 T^ostulate. The >wondciful thing under these 
circumstances then would be that bright hydrogen should 
nof add itself to the bright carbon, not only in bright- 
line stars, but in those the spectrum of witwcA ijonsists of 
mixed flutings, bright carbon representing the radiation. 


So 
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I now propose to use this question of variability in 
Group 11. as a further test of my views. 


The first test we have of the theory is that there should 
be more variability in this group than in any of the 



Fig. 


collisions IS cnormoluiy hiawsed. 



Fig. ifl.— fiarplaiuuion of th< vat-iahiUty of bodies of Group II. (a) Modium varia^n. Tb«» wiH bo a greatoj* number of coUUions at periastroa^ban at 
ether parts of the orbit, but the variation In the Ujtht will not be very great omder the coiutitioDi represented, as the revolving swarm never gets very 
near the niddle of the primary one. 


Others. Others are as follows. ( 2 ) When the swarm is \ lisions, but ( 3 ) when it is fedrly condensed, the effect at 
most spaced, we shall have the least results from col- j periastron passage (if we talre the simplest case of a 
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doable star in possi) will be greatest of all, because (4} 
condensation may ultimately bring the central swarm 
almost entirely within the orbit of the secondary (cometic) 
bodyj in which case no collision could happen. 

In the light of what biuf gone before it is as easy to 
test these points as the former ones. 

^ 1 will take them in order* 

The Frequent Occurrence 0/ Variability in Group //, 

The total number of stars included in Argelander’s 
Catalogue, which deals generally with stars down to the 
ninth magnitude, but in which, however, are many stars 
between the ninth and tenth, is 324,118. The most com- 
plete catalogue of variables (without distinction) that we 
nave has been compiled by Mr. Gore, and published in 
the Proceedings of the Royal Irish Academy (series ii. 
vol, iv. No. 2, July 1884, pp. 150-^3). I find 191 known 


variables are given, of which in are in the northern 
hemisphere and 80 in the southern hemisphere. 

In the catalogue 'of suipecied variable stars given in 
No. 3 of the same (January 1885, pp. 271-310), 

I find 736 stars, of w;tdcV 361 arc in the northern and 
355 in the southern hemisphere. 

Taking, dien, those in the northern hemisphere, both 
known and suspected, we have the number 492. 

We have then as a rough estimate for the northern 
heavens one variable to 659 stars taken generally. 

The number of objects of Group II. observed by Dunfr, 
and recorded in his admirable memoir, is 397 of these, 
forty-four are variable. 

So that here we pass from i in 657 to i in 7. 

Of the great development of variability-conditions in 
this group then there can be no question. 

To apply the other tests above referred to, I have 
made a special study of the observations of each variable 



Kig. 13.— I.jEpIanation of the vurwSillty of th<i bodies of Group 11 . (5) Mini oum variaiion. UnJer the conditions repreMOted, the smaller swarm will 
never be entirely out of the larger one, and at periastron the number of collitions will not be very greatly inoreoMd ; consequently the variation in 
the amount of fight given out wJI be small. 


recorded by Dunfr. I find they may be grouped as 1 3- Fands wide and strong, especially t and %. 

. ' ‘ 


follows : — 

1 . All ba ids visible but narrew. 

No. in 
Dundr 

Name. 

Max. 

Mia. 

Period 


No. in 








- 




l>ua6r 

Cat. 

Name, 

Max. 

Mia. 

Peri'Al, 


23 

Vi 

T Arietis 

s 

rs 

7 

fi 

9-10 

<13 

<ii 

<n-ia 

3 H 

326 

332 

360 


369 

M Cephei ... 

4? 

■ s? 

irreg. ! 

' 

U 

76 

S Canis Min, 

R Caficri 

H TeonU Min. 
R Urs. Mij. 


2. Bands well marked, but Jedfler in Red. 

91 

100 

1 

ft 

10 

12 

<9 

<n-i3 

12 

12-13 

<*i 

11-12 

12 

12 

3«3 


No, in 

Dun^ 

Cat. 

Nantr. 

Maa. 




1 IQO 

118 

i »S9 
! 165 

170 ! 
iSi 
192 
I9S 

R t orvi 

R Bodtis 

S Ubroe 

I< Serpeniis, 

U Hcrcu is. . 

S UercttlU... 

R Ophiuchi. 

> 0 

i i 
8 

S’® 

67 

« 

7'8 

319 

aaj 

190? 

35® 

408 

303 

30a 


186 

3U 

Si 

W Hercnlt* 

{?V) 

R Surittarii 

S H^re ... 

>8 

7 

7-8 

<12 

12 

<*3 

290? 

270 

256 
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^ All hands markedl/ widt and 


Nq. in 
I>uner 

Name. 

Max.; 

Mliu 

Period. | 


Cat. 


i 

_____ _ i 

1 


18 

0 Ccti 

2-S 

8-9 ' 

(33O 


TO 

RCeti 

8 

<13? 

167 


^ 1 

p Verpei 

3'4 

4’2 

ilTCg. 1 

Many lines. 

92 

R Leonis ... 

5 

lO 

313 


MI 

R Ilydnc ... 

4*5 

1 4 * 0 ? 

( 437 ) 


158 

V Boons ... 





166 

S Coronuc ... 

6 

12 

361 i 


184 

Herculis ... 

5 

6 

irreg. 

r Nearly circular 
[ orbit. 

196 

a Herciilis ... 

3 

4 

irreg. 

• 

217 

R Lyr«e 

4*3 

4*6 

46 


221 

R Aquilx 

67 

1 1 

345 


239 1 

X Cygni ... 

4 

13 

406 


293 ; 

R Aqiiarii ... 

6 

11 

38S 



5. Bauds widt\ hul pate^ 


No, in 
Dutn-r 

1 

Max. 

Min. 

Period. 


Cut. 

j 1 

1 




3 

'V Catsiopcite 

67! 

i 11 

436 


125 

' T Urb. Maj. 

7 

12 

256 ! 


127 

RVirginis... 

67 1 

II 

146 1 


*57 

RCamel ... 

8 

12 ? 

266 


23* 

1 R Cygni 

6 

1 

425 

382 


281 

e IVfJrt.i .. 

7 

12 1 


210 ' 

T Ucrculis 

7 

12 

165 


4 

U Androin. 

S-6 

<12-13 

405 



6 

. Bands thin and pale. 

No. in 
Punfir 

Name. 


Min. 

Period. 


Cat. 






50 

a Orionis .. 

1 

, 1 

1 4 

irreg. , 


128 

S Uvs. Maj. 

7-8 

11 

225 


187 

R Draconis 

67 

n-^12 

247 


238 

S Vuipce. ... 



261 

R Vulpcc.,.. 

7-8 

13 

137 



A glance at the above tables will show that the kind of 
variability presented by these objects is a very special one, 
and is remarkable for its great range. The light may be 
stated in themost general terms to viiry about six magni- 
tudes, from the sixth to the twelfth. This I think is a fair 
average ; the small number of cases with a smaller varia- 
tion I shall refer to afterwards. A variation of six 
magnitudes means roughly that the variable at its 
maximum is somewhere about 250 times brighter than at 
its minimum.* 

I have already indicated that, with regard to the various 
origins of the variability of stars which have been sug- 
gested, those which have been always most in vogue 
consider the maximum luminosity of the star as the 
normal one ; and indeed with regard to the Algol type of 
stars of short periods, which obviously are not here in 
question, there can be no rcasonabkj doubt, that the 
eclipse explanation is a valid one ; but in cases such as 
wc are now considering, when we may say that the 
ordinary period is a year, this, explanation is as much out 
of place on account of period, as are such suggested 
causes as stellar rotation and varying amount of spotted 
area on a stellar surface, on account of range. 

' ObuineJ by the formula I For differences of 

5, 6, 7 and 8 mag. wc get 

jwo. . I.«+j 
= » 5 i-a 4 . 

= + , 

= 1585-33. + , 

T M ^ light of a star t f magnitade m. 

»» >* sAwagnitude* faioJor 


We are driven, then, to consider a condition of thii^gs in 
which the minimum represents the constant conditionjand 
the maximum a condition imposed by some cause which 
produces an excess of light ; so far as 1 know the 
explanation on such a basis as this that has been 
previously offered is the one we owe to Newton, who 
suggested such stellar variability as that wc are now con- 
sidering was due to conflagrations brought about at the 
maximum by the appulse of comets. 

Ho%v the Difficulty of Regular ViXriahUity on Neivton's 
Viciv is got m^er in mine. 

It will have been noticed that the suggestion put forward 
by myself is obviously very near akin to the one put forward 
by Newton, and no doubt his would have been more 
thoroughly considered than it has been hitlierto, if for a 
moment the true nature of the special class of bodies we 
are now considering had been cn dviiience. We know that 
at their minimum they put on a special appearance of their 
own in that haziness to which I have before referred as hav- 
ing been observed by Mr. Hind. My researches show that 
they are probably nebulous, if indeted they arc not all of 
them planetary nebulie in a further stage of condensation, 
and such a disturbance as the one I have suggested would 
be certain to be competent to increase the luminous 
radiations of such a congeries to the extent indicated. 

Some writers have objected to Newton’s hypothesis 
on the ground that such a conflagration a.s he pictured 
could not occur periodically, but this ob)eciioa I imagine 
chiefly depended upon the idea that the conflagra- 
tion brought about by one impact of this kind would 
be quite sufficient to destroy one or both bodies, and 
thus put an end to any possibilities of rhythmically re- 
current action. It was understood that the body con- 
flagrated was solid like our earth. However valid this 
objection might be as urged against Newton’s view, it 
cannot apply to mine, because in such a swarm as 1 have 
suggested, an increase of light to the extent required might 
easily be produced by the incandescence of a few hundred 
tons of meteorites. 

I have already referred to the fact that the initial species 
of the stars we are now considering have spectra almost 
cometary, and this leads us to the view that we may have 
among them in some cases swarms with double nuclei— 
incipient double stars, a smaller swarm revolving round 
the larger condensation, or rather round their common 
centre of gravity* In such a condition of things as this, 
it is obvious that, as before stated, in the swarms having 
a mean condensation this action is the more likely to take 
place, for the reason that the more the outliers of the 
major swarm arc drawn in, the more likely is the orbit of 
the smaller one to pass clear. The tables show that this 
view is entirely consistent with the facts observed, for 
the greater number of instances of variability occur in 
the case of those stars in which, on other grounds, mean 
spacing seems probable. 

The Cases of Small Range. 

So far, to account for the greatest difference in 
luminosity at periastron passage, we have supposed the 
minor swarm to be only involved in the larger one during 
a part of its revolution, but we can easily conceive a con- 
dition of things in which its orbit is so nearly circular that 
it is almost entirely involved in the larger swarm. Under 
these conditions, collisions would occur in every part of 
the orbit, and they would only be more numerous at 
the periastron in the more condensed central part of the 
swarm, and it is to this that I ascribe the origin of the 
phenomena in those objects — a very small number — In 
which the variation of light is very far below the normal 
range, one or two magnitudes instead of bix or seven. Of 
course, if we imagine two subsidiary swarms, the kind of 
variability displayed by such objects as ^ Lyrae ir easily 
explained. 
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NATURAL SCIENCE IN JAPAN. 

W ITH the close of our eventful Jubilee year there 
was completed the first volume of a new journal 
of science which is destined to play a very important part 
in the advance of knowledge. We refer to the Journal 
of the College of Science of the Imperial University of 
Japan p already noted in these page’s. 

This periodical is issued under the Joint editorship of 
four professors in the College whence it originated. These 
gentlemen^ one only of whom is an Englishman, constitute 
a publishing committee : they have adopted the wise plan 
of issuing all communications on all subjects recognized 
within the one cover, and under their supervision there 
have already appeared a senes of original papers of con- 
siderable interest, so far at least as those biological are 
concerned. The work is being well done ; authors, 


editors, publishers, and craftsmen appear to be working 
harmoniously in the production of a journal which, while 
it reflects the utmost credit on all, leaves nothing to be 
desired. Twenty-one original monographs have been set 
up, three of them in German, the rest in English. Of 
these five arc biological, while six arc devoted to physics, 
four to chemistry, three to seismology, and two to geology 
propel'. It is to the first-named that we wish now to 
refer. The first paper published deals with the life-history 
of a parasite {Ugimya sericaria) which works fearful 
havoc among the silkworms in Japan ; this monograph is 
in itself interesting, apart from its intrinsic merit, as 
showing jhat our Eastern friends are fully alive to the 
so-called practical application of their work. This and 
other valuable papers which we might name testify most 
satisfactorily to the thoroughness of, at any rate, one side 
of the undertaking ; others there are which show that 



The Marine Biologlcul StiU.on of the Irapetial University at Misaki. 


these investigators are fully prepared to face some of the 
most formidable problems now exercising the mind of the 
zoologist, and in dealing with such problems they display 
a diligent attention and cautious generalization, such as 
are occasionally looked for in vain in writings nearer 
home. If this excellent beginning is, in these respects 
indicative of that which is to follow, only results of the 
greatest value can ensue. 

Of the zoological communications two are excep- 
tional — we refer to those contributed by Prof. K. 
Mitsukuri, of the Imperial University, Tokio. One of 
these, on the germinal layers in Chelonia (produced in 
conjunction with his assistant, Ishikawa), has previously 
^{^ared in our own Journal of Microscopical Science. 
The other is deserving of especial comment, for it brings 
tidmga of the establishment of amarine biological station 
of the Imperial University, at Misaki. 


Misaki is a fishing settlement to the west of the Bay ol 
Tokio, easily accessible, we are told, from Tokio or 
Yokohama in a day. Its waters have a direct interest for 
Western zoologists, in the fact that they have given birth 
to most of those museum specimens of Hyalonema, with 
which the skilful Japanese so long duped the rest of the 
world. Geographically, the relations of Japan to Asia 
may be appropriately compared with those of Britain to 
Europe : in their greater climatic variations, however, the 
Easterns have an advantage, if only by way of variety in 
the fauna and flora thereby induced. Agfain, Misaki, says 
Prof. Mitsukuri, has ^Mong been a favourite collecting 
ground for naturalists ; almost every group of animals 
is represented in this region in more or less abundance,” 
and he gives it as his opinion that zoologists have by no 
means ** become acquainted with even a small part of all 
the interesting animals to be found/’ When we reflect 
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Upon this, mindful of the climatic features of the district, 
and in view of the enumeration given of known inhabit- 
ants of its waters, great expectations are conjured up, and 
the importance of the enterprise upon which our friends 
have embarked becomes self-evident. 

The station has been founded by the Department of 
Education and the authorities of the ImperiHl University, 
as a special adjunct to the biological laboratories of the 
latter. As it is fair to assume that the governmental 
body will, like all others, expect ** something practical 
for its money, we anticipate that attention will early be 
given to questions of economic importance. The Japanese 
have a fishing population of more than 1,500,^00 active 
workers, while it is computed that 3f),cxx),ooo persons, in 
all, are more or less dependent upon fish as food. When, 
in view of the total area and population of our own islands 
as compared with those of Japan, it is remembered that 
our own fishing population numbers little over 540,000, it 
becomes needless to point out that the Japanese are par 
excellence a fishing folk. They moreover appear to possess 
an ancient but limited literature on the subject. 

The establishment, by the Japanese, of this and other 
similar institutions has been necessitated by the adoption 
of the products of Western civilization, almost, it would 
seem, in return for that “devout and learned admiration ” 
so long accorded them by the Western nations. Rapid 
indeed has been their progress under influences which 
are bringing their wares into open competition with 
Western markets, and who shall say but that we proud 
Europeans may not yet be, perforce, to no small extent 
dependent upon them for edible produce? 

• The founding of this marine station is, biologically, a 
sign of the times. More than this, however. It is a 
mo ement upon which, in the long run, the intellectual 
as well as the commercial prosperity of a large section of 
the community must depend ; for in the spread of that 
true science which seeks to unravel the knowledge of 
causes, there now lies the only sound basis for national 
prosperity. Prof, Mitsukuri’s association with the under- 
taking is, in itself, a guarantee that these interests will 
be upheld. His earlier work was executed under the 
guidance of, and in fellowship with, American subjects 
whose names will be for ever memorable in the history 
of marine zoology : his association with them and with j 
the illustrious Balfour, and his acknowledged indebted- 
ness to Dohm, are, in themselves, auguries of success. We 
note with much satisfaction that “arrangements will be 
made by which students in the biological course of the 
University will be required to pass at least one term in the 
station ” : workers will be thus assured, and we tender 
them our sincere congratulations and hearty good wishes 
for a prosperous development of their enterprise. It 
must not be forgotten that the Japanese waters have 
lately yielded us the interesting Chlamydoselacbe, and it 
would be a most interesting circumstance should the far- 
fismed Hyalonema.to which Prof. Mitsukuri so frequently 
reverts in his article quoted, receive final consideration at 
the hands of his countrymen. 

The following is a brief description of the station 
itself, extracted from the original article. “ The building 
is of plain wood, and one story high, except in the middle 
part, which has a second floor. The main laboratory-room 
?a), which occupies the whole sea-front, is 48 feet long, 12 
feet wide at the two ends, and 18 feet in the middle, and 
is able to accommodate about ten workers. A number of 
small aquaria for the use of investigators will be placed 
in this room. Of the rooms at the back of the main 
laboratory, one (b) has a cement floor and is for assort- 
ing and preserving specimens brought in from the sea. 
Another (K) is to be used as the Uhrary-Tootn, and a third 
(c) as the store-room. The second floor over the central 
part of the building is able to give sleeping accommoda- 
tion for a few persons. From a tank frfaced outside the 


building, fresh sea-water is carried into the main labora- 
tory-room and the assort ing-room, and is delivered out of 
many facets." G. B. H, 


THE AURORA IN SPITZBERGEN} 

T he best observations hitherto made on the aurora 
borealis are those made at Bossekop, by Bravais, 
during the expedition of the French corvette Le Recherche^ 
1858- 40. Bossekop is also situated in the maximum zone 
of the auroras, on the coast of Northern Norway. Con- 
sidering that Spitzbergen lies a little north of the same 
zone, and nearly on the same meridian as Bossekop, it 
was resolved that the observations of auroras should be 
made with the greatest possible care at the Swedish In- 
ternational Polar Station at Spitzbergen in 1882- S3. This 
work was confided to Mr. Carlheim-Gyllenskibld, and the 
auroral observations are the most complete that have 
been made by any of the international expeditions during 
that year. The results are now printed, and form a large 
quarto volume of 409 pages, with a great number of 
tables, illustrations, and figures. The results confirm and 
enlarge those of Bravais, and of other observers of this 
brilliant phenomenon. 

{]) The first qtiestion is the determination of the mean 
co-ordinates of the auroral arch. A mean of 371 mea- 
surements gave the azimuth of the culminating point or 
summit of the auroral arch in S. 24^' 13' E. As early as 
1834, Argehinder, in Abo, Finland, found that the azi- 
muth of the culminating point of the auroral arch differs 
about 10'’ from the magnetic meridian. At Bossekop 
the magnetic declination was N. ro' 8' W., and the de- 
clination of the culminating point of the auroral arch 
N. 22® 4' W., the anomaly being, of course, about W. 
The magnetic declination at Cape Thordsen was found to 
be N. 12" 45' W., and of course the auroral anomaly from 
the m^netic meridian was 1 1° 27' W. 

(2) Eighty-seven measures on the position of the 
corona borealis were made, and the position of the centre 
of the corona was found nearly in the magnetic zenith, 
and not in the same vertical as the highest point of the 
arch. The means are : — 


Position of the centre of the ^ ^ , 

corona H 5= 79 55 .. Az. =s S. 7 12 E. 

Position of the magnetic zenith H = 80 35 ... Az. = S. 12 4 E. 
Position of the culminating 

point of the arch 11= — ... Az. = S. 24 12 E. 

This confirms the mcasvirements made during the past 
century by Wilcke, Mairan, and others.' 

13 ) The breadth of the auroral arches varies with their 
elevation above the horizon. The arches consist of rays 
running in the direction of the breadth of the arch, and 
converging towards the magnetic zenith. Thus they form 
a long fringe of rays parallel to the dipping-needle, sus-* 
pended, like a curtain, from cast to west, but with a small 
extent of breadth from north to south. If this curtain of 
rays moves from the horizon to the zenith, the breadth 
varies according to the laws of perspective. The formula 
gives the greatest breadth at a height of 45®. In the 
neighbourhood of the zenith the arches are very narrow, 
stretching as a luminous band across the heavens, 

(4) Besides the arches and rays, the auroral light some- 
times formed a true spherical zone pnrallel with theearth^s 
surface, thus floating in space as a horizontal layer of light, 
often crossed by several arches. This form is seldom to 
be seen in lower latitudes. These auroral zones were 
apparently much broader in the zenith than at their ex- 
tremities nearer to the horizon. When such an auroral 
zone was lying wholly over the heavens, with the cxcep- 
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tion of a low segment near the horizon, a dark segment 
was produced by contrast. Sometimes the luminous zone 
was broken, and then dark spots or irregular spaces were 
produced in the same way. These dark spaces were 
n^quently seen tinted with a faint rosy light. 

(5) The movement of the arches is ordinarily reported 
to be from north to south, at places situated to the south 
of the maximum zone, and, from the opposite direction, 
at places within the maximum zone. Thus, at different 
stations between the latitude of Rome and the latitude of 
Bossekop, 69*6 per cent, of the auroral arches have moved 
from the north ; at Mossel Bay, Franz-Josef Land, and 
Discovery Bay, on the contrary, 62’ s per cent, have moved 
from the south. At CapeThordsen it was of course expected 
that the most part of the auroral arches would move from 
the south. Yet this was not the case. On the contrary, 57 6 
per cent, moved from the north. The movements were, of 
course, almost the same in both directions. 

* (6) The anomalous forms of arches were very frequent, 

and were made a matter of accurate investigation. Some- 
times an auroral arch presents the form of a sinuous band, 
or resembles a brilliant curtain with deep folds. At other 
times the arches appeared as regular spirals. Seen from 
the outside of the earth, or from above, the spirals were 
almost all contorted in a direction contrary to the motion 
of the hands of a watch, and the undulations folded as 
an 8. The motion was, in 80 per cent, from west to east. 
The folds of the auroral draperies had very different 
dimensions on different occasions. Sometimes a regular 
arch showed only a slight undulation ; at other times, 
only a part of an immense auroral drapery was seen 
above the horizon, as a pseudo arch. 

(7) Often, waves of light are running along the arches, 
and then the rays or beams are apparently in vivid 
motion. This appearance of the aurora is known in 
Plngland as ** the merry dancers," In 103 cases the waves 
were running from west to east, and in 101 cases from 
east to west. The mean angular velocity per second was 
38'’6, For a mean vertical height of the aurora of 100 kilo- 
metres above the earth’s surface, or 222 kilometres from the 
observer’s eye, this gives the immense velocity of about 
2*5 kilometres per second. The light of the aurora was 
often suddenly changing as to the distribution and in- 
tensity of light, but the geometrical form of the whole 
phenomenon was only slowly varying. The rays were 
sometimes observed to have a slow proper motion from 
west to east, or vice versd. 

(8) As to the classification of the auroral forms, the 
author rejects that of Weyprecht. The different forms 
of the aurora in the classification of Weyprecht are, in 
fact, only different views or projections, as, for instance, 
the forms III. = beams or rays, and IV. corona. The 
corona results, according to the rules of perspective, when 
a large number of separate beams parallel to each other 
and to the direction of the dipping-needle seem to con- 
veiw to one point, viz. the magnetic zenith. A regular 
and fully-developed arch consists, as we have said before, 
of a long friMe of rays, and so on. The author considers 
only two different forms of auroral light, viz. zones, or 
horizontal layers of light ; and arches, composed more 
or less of distinct rays parallel to the dipping-needle. 
The arches present themselves in four different condi- 
tions ; (i) arch, or a regular band ; (2) band, or drapery ; 
(3) spiral ; and (4) pseudo-arch. 

(9) The light of the aurora is, according to the author, 
of two kinds: (1) the yellow light, entirely monochro- 
matic, and lowing in the spectroscope the well-known 
yellow line of Angstrttm ; (2) the crimson or violet light, 
resolved in the spectroscope Into several rays and bands, 
spread over all MrW of tne spectrum. In the following 
table we give (L) the lines observed by the author, (IL; 

lines observed by several authors before the year 
1884, and (III.) the spectrum of lightning, accewding to 
the observations of Herschel, Vogel, Schuster, and the 


author. The unity for wave-length is, as usual, the 
0*0000001 of the millimetre. 


I. 


n. 

nr 

6306 ± 

7 3 

... 6294 ± 6’4 

6300 

5776 ± 

30 

5776 ±30 

— 

5664 ± 

30 

5664^3*0 

568s 

5568 ± 

1 '6 

5570 ± 0'9 

— 

5353 ± 

3 

5353 ± 3*3 

5338 

5264 ± 

2 5 

5280 ±18 

5260 

5228 ± 

27 

5226 ± 3'2 

— 

5001 ± 

4-2 ■ 

5003 ± 2*7 

5004 

4837 i 107 

4862 ± 1-5 

4860 

4707 ± 

51 

4702 ±2*9 

— 

464^ db 

3*3 

4636 ± 2‘4 

4632 

4236 ± 

67 

4286 ± 4'4 

— 


There were twelve other extremely faint auroral rays 
to be seen occasionally, but their position could not be 
exactly observed. 

As to the further discussion of the different auroral 
spectra and their supposed connection with different 
auroral forms, we must refer to the original paper. 

(10) No sound was ever heard from the auroral light. 
The feeble rustling noise sometimes heard was observed to 
come from the loose agile surface-layer of snow driven to 
and fro by the lightest wind over the underlying layers. 
Nor was a “ smell of sulphur" observed. 

(i i) As to the height of the aurora, it may first be men- 
tioned that the aurora was never seen to descend below 
the mountains or the lower clouds. Only two or three 
times it is possible that the light was seen below the 
upper clouds. Yet sometimes the auroral light was seen 
to be refiected from the surface of the snow. Direct 
measures of the parallax from the end of a short base 
(573 metres), by means of auroral theodolites of Mohn’s 
construction, gave an average height of 551 kilometres ; 
from observations of the corresponding amplitudes and 
heights of the arches, according to Bravais’ method, 
577 kilometres ; and by several other observations and 
calculations, about 60 kilometres was found to be the 
probable mean height of the aurora. 

(12) As to the annual and diurnal periods of the aurora, 
no annual variation in the frequency could be proved. 
The apparent daily period gave a maximum at 8h. 50m. 
Gdttingen time, or 9h. 13m. local rime, in the evening ; and 
a minimum at exactly the same hour in the morning. 
This apparent period must be corrected for the influence 
of the quantity of clouds and for the influence of the 
twilight. If F represents the apparent frequency of the 
aurora, and Q the quantity of clouds in tenth parts of the 
whole sky, there was found F = i - 0*0730 Q, in taking 
for unity the apparent frequency when the heavens were 
totally clear 

Further, the apparent frequency when the sun was 
lo*’ 47' below the horizon was the half of the true fre- 
quency, and the influence of the sun’s light was sensible 
as far as to a depth of the sun of 17° 45' below the hori- 
zon. Once only the aurora was seen when the sun was 
not more than 5“ 25' below the horizon. 

Taking into account these sources of error, the true 
daily range has a maximum at 3h, 3m. p.m., and a 
minimum at 8h. 3m. a.m. local time. 

Finally, there was also a well-marked daily liSlgc in 
the form of the aurora. The most brilliant phase of the 
phenomenon occurred at 4h. p.m. ; the aurora then ap- 
peared as a complete regular arch. On the other hand, 
the minimum brilliancy took place at 9h. a.m. ; the arches 
then were resolved into whirling fragments. 

Upsala, April. H. Hilbebrandsson. 


NOTES. 

The general arrangements for the Bath meeting of the British 
Association have now been made. The first meeting will be 
held on Wednesdayi September 5, at 8 p.m. precisely, when 
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Sir tl. E. Roscoe will resign the chair, and Sir F. J. Bramwell, 
President-elect, will assume the Presidency, and deliver an 
address. On Thursday evening, September 6, at 8 p.m,, there 
will be a ; on Friday evening, September 7, at 8.30 p.m., 
a discourse on “ The Electrical Transmission of Power," by 
Prof. W. Ej Ayrton ; on Monday evening, September 10, at 

8.30 p.m., a discourse on ** 1 'he Foundation Slones of the 
Earth's Crust,” by Prof. T. G. Bonney ; on Tuesday evening, 
September ii, at 8 p.m,, a soirt^c. On, Wednesday evening, 
September 12, the concluding general meeting will be held at 
a. 30 p.m. Excursions to places of interest in the neigh bourhootl 
of Bath will be made on the afterno^mof Saturday, S^^Uember 8, 
and on Thursday, Septcmbci 13. 

The fourth session of the International Geological Congress 
will be opened on Monday evening, September 17, and will last 
during the whole of the week. The meetings will be held in 
the rt>oms of the University of London, Burlington Gardens. 
The Honorary President of the Congress will be Prof. Huxley; 
the EVesident, Prof. Brest wich ; the Vice-Presidents, the 
Director-General of the Geological Survey, the President of the 
Geological Society, and Prof. McK. Hughes ; Treasurer, Mr. 
K. W, Rudler ; and General Secretaries, Mr. J. W. Hulkeand 
Mr. W. Topley. Up to the present date 395 geologists have 
signified their intention of being present. Of these 210 are 
British, and 185 foreign. The number of countries represented 
is 22. 

Ths Linncan Society liuKK its centenary celebration to-day. 
The following is the programme of the procccrlings At 

2.30 p.m. the President will receive the visitois. At 3 p.m. the 
President will take the chair. After introductory remarks by 
the President, and the formal business of the anniversary meet- 
ing, the Treasurer will lay before the meeting an account of the 
financial condition of the Society during the last century ; the 
Secretaries will lay befijre the meeting n history of the Linnean 
books, herbarium, and olhe> collections; the President will 
deliver the annual address. The following Eulogia will be pro- 
nounced : On Linnaius, iiy Prof. 'I'hote Fries, the present 
occupant of the Chair of Botany at Upsala ; on Robert Brown, 
by Sir Joseph Hooker; on Charles Darwin, by Prof. Flower; 
on George Henlham, by Mr. W. T. Thiselton Dyer. The 
Linnean Gold Me<l.al, instituted by the Society on the occasion of [ 
its centenary, will be presented to Sir Joseph Hooker (botanist), 
and Sir Richard Owen Zoologist). (In subsequent years the 
presentation will be alternately to a botanist and zoologist.) At 

6.30 p. in. the annual dinner will bo held at the Hotel Victoria, 
Northumberland Avenue, the Presiilcnt in the chair. To- 
morrow (May 2Sth), fit S.30 p.m., the President and Officers will 
hold a i-cccption of the members and visitors in the Rooms of 
the Society, when the Linnean ctd lections and relics will be 
exhibited. 

TiiE late Mr. Cooper Fo^te^, of Grosvenor Street, for many 
years senior surgeon to Guy’s Hospital, was famous among 
horticulturists as a collector and grower of Hy menophyllums, 
Tridmmanes, and Todias, popularly known as Filmy Ferns, 
With very few exceptions, the whole of these plants are ex- 
tremely difficult to cultivate. The conditions under which they 
grow naturally are not easily imitated, Mr, Foster, however, 
c:)rUrived to keep a very rich collection of species, many of them 
unknown in gardens excejil nt Kew, where the collection of Filmy 
Ferns U perhaps unique ; and even Kew did not possess several 
kinds which Mr, Foster possessed. When it is remembered that 
these extremely delicate plants were cultivated in one or two small 
greenhouses at the back of a house in Grosvenor Street, Mr, 
Foster's success appears still more remarkable. After his death 
the Filmy Ferns were removed to his son's residence at Binfield, 
Berks. Recently, however, Mrs Foster offered the whole 


collection to Kew, and it has lately been transferred to these 
Gardens, special accommodation having been provided for It in 
the house (No. 3) where the bulk of the Kew collection is 
grown. Among the most noteworthy of the plants comprised in 
the Cooper Foster collection are T^^t/wmanes a 

magnificent specimen a yard across, bearing hundreds of fine 
healthy leaves ; 7 \ parvuittm, which has a compact cuahion-lilw 
mass of tiny palmate leaves ; 71 alahamensct HymenopkyUwn 
fTmghiosumi IL (hUoense^ H. eruenium^ //. Af. 

/•fis/efiannntj // fetdnatumy If. pttk^errimuHii and some grand 
masses of ff. dcfnissu/fi. This magnificent gift to the naticmal 
gardens nt Kew will no doubt receive the appreciation from the 
public which its intrinsic beauty, scientific interest, and actual 
pecuniary value deserve, 

Mrs. Emma W. Hayden has given to the Academy of 
Natural Sciences of Philadelphia tn trust the .sum of 92500.00, to 
be known .as the Hayden Memorial Geological Fund, in com- 
memoration of her husband, the late Prof. Ferdinand V. Hayden. 
According to the terms of the trust, a bronze medal and the 
balance of the interest arising from the fund are to be awarded 
annu.ally for the best publication, exploration, discovery, or re- 
search in the sciences of geology and paheoiiLology, or in such 
particular branches thereof as may be designated. 'fhe award 
and all matters connected therewith are to l>e determined by a 
Comnnttcc, to be .selected in an appropriate manner by the 
Academy. The recognition is not to be confined to American 
naturalists. 

Accordind to the and fniUa^ the appointment of 

Suj>erintendent of the Botanical Gardens, Singapore, has be- 
come vacant owing to the death of Mr, Canllcy in 'rasmania. 

M. Herve Mangon, Member of the Paris Academy of 
Sciences, and President of the Fiench Meteorulogical Councils 
died on the i6lh inst,, at the age of sixty seven. He was 
Minister of Agriculture in the Brisson Cabinet, and was a high 
authority on drainage and agricultural improvements. 

The Pilot Chart of the North Atlantic Ocean for May show, 
that, generally, fine weather prev.ailed over that ocean during 
April. Storms accompanied by electric phenomena occurred 
about once a week north of the 40tli parallel. A cyclonic storm 
of great stretigih was generated on April 15 in about 35* N, and 
60“" VV., moving across the Banks from the i6ih to the 1 8th, in which 
the wind reached force ii. There was also n gale of consider- 
able strength to the north-easi ward of the Azores during the 
second week of April, and a " norther ” was felt in the western 
part of the Gulf of Mexico on the I3tli. Considerable fog 
was met with off the Grand Banks, and southwards. The 
amount of ice encountered was unusually small, and was con- 
fined for the most part to the south-east coast of Newfound- 
land. Although it has been delayed in its southward movement 
by the unusual prevalence of south-easterly winds, it Is uow 
liable to appear in quantity, and to constitute a source of danger 
for several months. Careful observations of the Gulf Stream 
and the equatorial current are now being made at certain points 
by the United States steamer Blaki. 

A SODIUM salt of zineic add has at last been obtained in the 
crystalline state by Messrs. Comey and Loring Jackson, of 
Harvard University {Berichte^ 1888, 1589). Every analyst is 
aware that zinc hydrate is soluble in potash or soda, and although 
it has been presumed Uiat rincates of the alkalies or compounds 
of the alkaline oxides with zinc oxide are formed under these 
circumstances by replacement of the hydrogen of the hydrate by 
potassium or sodium, no such compouncU have hitherto been 
isolated. Messrs. Comey and Jackson, however, find that when 
a concentrated solution ^ zinc or zinc oxide in aoda i« shsdeen 
«ith deohol the mixture separates on standing Into ti#o tajers 
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n bcAwier atitteous and a lighter alcoholic layer. V/hen the treat- 
nufn# o£ the heavier layer w ith alcohol is repeated once or twice, 
it eventually solidifies to a mass of wliiie crystals ^^hich melt 
below too^ Cr Moreover, on allowing the alcoholic washings 
to sta&d, long brilliant white neediest, often more than a centi- 
Bketre ia length, ore deposited. These latter crystals differ very 
markedly in melting-point from those obtained from the aqueous 
portion^ ns they remain unfiised even at 300'^. They were 
finally purified and subjected to analysis, the results of which 
point very clearly to the composition aNallZnOj + yH^O, or 
aZnfOHKONa) + 7II0O, Ifcncc lliis new salt may be re- 
garded as hydrogen sodium ;cincate. It is soluble in water and 
alcohol holding soda in solution, but is decomposed both by pure 
water and alcohol. The crystals obtained from the n/pieous 
solution above mentioned appear to differ from thnse just de- 
scribed only in containing more water of crystallization, the 
amount of which has not yet been fixed with ctTlainty. The 
fact that zinc oxide behaves so negatively towards the more positive 
alkalies, playing as it evidently does the of an acid, is now 
happily a proved one, and it is to be hoped that the American 
chemists will continue their rcsearclies until they have been as 
fortunate in preparing the normal salt of zincic acid. 

At the last meeting of the Asiatic Society of Japan, the Rev. 
J. batchclor read a paper on “ Some Specimens of Aino KolU- 
Lore.” There were seven of these taken down as they were 
sung, chanted, or recited by the Aino bard or story-teller. 
After telling these stories, Mr. liatchelor obsei*ved Ihxit among 
the Ainos there are still prophets and prophetesses, but tliey 
Unlit their powers now to tcdling the cause of prescribing 

mctliciiie, using charms, and the like. A person when pro- 
phesying is suppu,cd to slec[) or otherwise lose consciousness, 
and to become, so to speak, the mouthpiece of the gods. The 
prophet is ntit even supposed to know whai he himself utters, 
and often listeners cannot understand the meaning the utter- 
ances. 'I'hc burden of the prophecy sometimes conics out in 
jerks, but more often in a kind of sing-song monotone. Mr, 
Batchelor described one scene of Aino proj)hesying at which he 
was present. Absolute silence reigned around, old men with 
gray beards sat with eyes full of tears, in rapt alientioii ; the 
prophet himself was apparently quite carried away with his 
subject ; he trembled, perspired profusely, and beat himself 
with his hands. At length he finished exh.iustcfl, and as he 
opened his eyes for a momeiu, they shone with a wild light.” 
During the discussion whicli followed, it was stated tliat the 
author of the paper was engageil in tlie preparation of nn Aino 
dictionary, for which seven or eight thousand words hart .already 
been collected. "Such a dictionary," said Piof. ChandK^rl.ain, 
** would in all likelihood be a kind of tomb in which the 
rapidly dying language would remain enshrined for ages. Even 
now it was striking to observe how all except tlie oldest men 
and women were really bi-lingiul, speaking Japanese as easily 
as Aino. " 

Mr. Bruce Foote, Superintendent of the Geological Survey 
of India, lately contributed to the Asiatic Society of Bengal 
some most interesting "notes" on recent Neolithic and PnUvo- 
llthic finds in Southern India. These notes have now been 
reprinted from the Society’s Journal. One of thejfacts to which 
he calls attention is that '* the old Stone-folk of the Bellary- 
Anantapur country, where great numbers of Neolithic settle- 
ments have been found, selected grax>ite-gneiss hills as the sites 
of their settlements. Four considerations may, he thinks, have 
infiuenced them in Uiis choice : — (i) The more perfect isolation 
of the graakc-gneiss hills, which mostly rise singly out of the 
plains, or, if in dusters, are yet individually detached, and 
theveCore more suitable for defence than posts on continuous 
such as are generally Jformod by jthe }schistose mcks. 


Some of the granite-gneisb hills are nearly perfectly castellated 
by the disposition of the rock -masses. (2) Rock-shelters of 
great efficiency and comfortable terraces are to be found in 
numbers on many of the granitoid hills, but hardly ever on the 
schistose hills. {3) The collection of rain water and its storage 
would, from the nature of the ground, be much easier on the 
average granitoid rock than on the average schistose hill. 
(4) The schist 0*^0 hills are, in very many cases, generally, in 
fact, surrounded by a heavy and broad Inins most detrimental to 
easy agricultural woilc. The granitoid hills, on the contrary, 
form, as a rule, no great talus, but rise up straight out of the 
great cottpn-soil plains, so that the Neolithic field labourers 
could have been quiie close to places of refuge in cases of attack 
from other tribes, and yet have been able to carry on their 
agricultural work. 

At the last meeting of the Archaeological Society of Sweden, 
Iferr N. F. Sander read a paper on the wholly or partly un- 
deciphered runic inscriptions in Sweden, which he divided into 
three classes: (i) (hose composed of 01 dinary runic leltei-s, but 
in which the runic "staf " or sign i, when signifying i or c had 
purposely been left out, in one inscription even twenty- five 
times ; (2) the conventional runic signs, which were really runic 
cipher: and (3) the so-called Sudermania *Gjvist" (sprig or 
faggot) runes, as well as the " icc ’ runes. Here the secret lay 
in the circumstance that the three "sets” of letters had been 
purposely misplaced, so that in the inscrijitions the third set 
r)c.i,mc first; first set (/, //,/, //, -(-) second; and second 
set (//, I, a, i) third. Referring to seven of the first-named order 
of inscriptions whidi had recently been deciphered, Iferr Sander 
stated that five of them, all situated in the province of Upland, 
had the same contents, and contained some curious objurgations. 
In four of them appealed the word Pif/i or Pimentii.e. a strong 
drink ct)mpo.sed of wine, honey, and spice\ which, as well as 
Klarfty was mentioned in the of Kollo the Ganger and the 
Normans. All these inscriptions were referred to the close of 
the pagan age. One of them read as f.dlows : " Rcksessr, only 
Thynne’s son (son of), assigned (to himself)— f.c. wedded — asa- 
Askra ; (she) is daughter of 'rhynnc-Signil and the giant." At 
the mouth of the Kivcr Aby, close in which this stone was found, 
is a little island called 'i'hynnc 01 U'onno. 

jN an interesting aiticle in a recent number of the Natnr* 
7 vn %euschaftti( he I / W/n n fr/;/ ;//, Prof. Nchring discusses tlie ques- 
tion as to the origin of the dog. lie expresses his belief that it 
is descended from various still -surviving species of wolves and 
jackals. 'The taming of jaclal.s, lie says, presents no particular 
difficulty, and ninny uttemjils to domesticate wolves have been 
successfully made in recent times. Herr Rong^ has so com- 
pletely lamed a young wolf ilnii it follows him exactly as a dog 
might do. 

The United St.atcs Consul at Auckland, in a recent report, 
says that rabbits liave so eaten out the ranges in New Zoatand, 
that the capacity for maintaining sheep has greatly lessened, .and 
the flocks have fallen oft* in num'jcrs. At the Stock Conference 
of 1S86 it was stated that va)))>its reduced by a third the feeding 
capacity of land, and that the weight of fleeces had decreased 
by I lb. to lb. each. The number of lambs decreased from 
30 to 40 per cent., while the death rate increased from 3 to 13 
per cent. Since 1882, when the Rabbit Act became law, 
Government has expended /‘7000 on Crown lands alone,. and it 
is estimated that during the last eight years private persons have 
spent jf2,400,000 in extirpating rabbits. The methods gener- 
ally in favour are fencing, poisoned grain (generally phosphorized 
oats), and ferrets, weasels, and stoats. 

The Canadian Minister of Agriculture in his report for the 
past year refers to various measures taken by the Government 
ibr the advance of scientific agriculture in the Dominion. Five 
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experimental farms in various parts of the country were provided 
by the Legislature, a botanist and entomologist were appointed, 
nnH a lai^e number of experiment;* to ascertain the roots and 
cereals most suited for the circumstances of Canada— especially 
its short summer — were carried out under scientific supervision. 

A RICH gold-field has been discovered between the two 
rivers. Lava and Papanahoni, in Surinam. It is an open 
question whether this district of 20,000-25,000 square kilometres 
Xiongs to France or Holland. M. Condreau, the French 
traveller, who has been closely investigating the district, con- 
siders that it will be as productive as the gold-fields ol^Australia 
and California. 

The University of Christiania has despatched a zoologist, 
Herr J. Jversen, to Sumatra, for the purpose of collecting natural 
history objects for that institution. 

A SUM of ;f 550 has been grantetl by the Danish Government 
towards the expenses of publishing the zoological and botanical 
results of Lieut. Hovgaard's Arctic expedition in the Dijmphna 
in 1880-81. The work w ill soon be issuetl. 

In addition to a sura already granted, the Norwegian Govern- 
ment has given ^^300 towards the publication of Prof. Friis’s 
ethnographical chart of the provinces of Tromsb and Finmarken. 

The number of visitors to the Natural History Museum, re- j 
corded by aid of lienton's “(>” register up to 6 o’clock on 
Whit Monday, was 4567, and the Museum was open for two 
hours longer. This number compares with 6010 and 6589 
admissions on the Whit Mondays of the two prece ling years. 
During the week ending Saturday last, 149,583 jiersons visited 
the Museum in the present year, being an increase of 8cx)o on 
last year. 

The honorary degree of LL.D. has been conferred by the 
McGill University, Montreal, upon Prof. W. Fream, B.Sc. 
Lond., of the College of Agriculture, Downton, Salisbury, in 
recognition of his contributions to agricultural science and of 
his services to Canadian agricuUuic. 

Much interest has betn excited by the successful transplanta- 
tion of nerve from a rabbit to man. The operation was i>cr- 
formed by Dr. Gersung, of Vienna, and the patient was Dr. 
von Fleischl, Profess.or of Physiology in tlie University of that 
city. . Sixteen years ago Dr. von Fleischl accidentally wounded 
himself while conducting a poH vioUcm examination, and the 
consequent severe in flam mat inn of his right arm and hand led 
ultimately to the loss of the terminal joint of his thumb. The 
end of the stump having become painful, amputation somewhat 
further back was performed, This was followed by the forma- 
tion of “neuromata.” In the hope of obtaining relief he 
underwent seveial fruitless operations. Ultimately, Dr. Gersung 
suggested that the herves might be repaired, and the missing 
portions replaced, by means of fresh nerve taken from a rabbit. 
The 7 tmcs of Tuesday gives the fjllowing account of the opera- 
tion : — “Just as there is nothing special in any individual human 
nerve, and as any one of them would be capable of discharging the 
duty of any other, so, it may be assumed, there is no difference 
between the endowments of the nerves of man and those of the 
lower animals, which fulfil identical functions in an identical 
manner. It was, therefore, inherently probable that the nerve 
of an animal, if a piece could be obtained of the proper size and 
length, an<l if transplantation and union could be successfully 
effected, would suffice to make good any loss of nerve in man ; 
and, in the present instance, which is, we believe, the first of 
the kind on record, not only have the transplantation and union 
been succcs ful, but the new piece of nerve seems to have over- 
come the tendency of the old to undergo degenemtioo of struc- 
ture at its divided extremity. A portion, six centimetres in 


length, of the great nerve of a rabbit's thigh was selected, and 
was so removed from the freshly killed animal as to include the 
natural bifurcation of the main trunk into two branches. The 
divided stem was secured by stitches to the stump of the nerve 
in Prof, von Fleischl’s arm, and the ends of the branches were 
secured in like manner to the nerve terminations which remainedf 
in his fingers, and which were rendered useless by their separa- 
tion from the trunk to which they belonged. The whole 
operation, as a matter of course, was conducted with strict 
adherence to those principles of antiseptic surgery without which 
failure would have been more than likely ; but, by the observance 
of which, union, almost anywhere or of any thing, can with a 
near approach to certainty be secured. The wound healed 
kindly, the transplanted nerve soon became at home in its new 
position ; and already, after the lapse of a little more than twa 
months, it is reported that sensation is returning to the fingers. 
At the same ttme there has been no return of pain, and no fiesb 
indication of the development of neuromata, so that hope of an 
absjlutely successful issue may now with some confidence be 
entertained.” 

The additions to the Zoological Society's Gardens during the 
past week include three CapeCrownefl Cranes {Balcarica ckryso- 
pelavgus) from Zanzibar, presented by Colonel E. Smith ; two 
Peregrine Falcons {Falco feregrimis) from India, presented by 
Mr. J. Davidson ; a Gannet {Sitla has 5 ana\ British, presented by 
the Baroness de Taintegnies ; a Three- toed Chalcis {Chakides 
tridactylus) from France, presented by Mr. J, C. Warburg ; an 
Indian Python {Python molur^ts) from India, received in ex- 
change ; an Elliot’s Pheasant {Phasuxnus dlioti Q ) from China, 
purchased ; an American Bis an {Bison amonrnnus)^ a Great 
Kangaroo {Macropus gignntexts 6 ), seven Suricates {Suf icata 
Utradactyia) born in the Gardens. 


OUR ASTRONOMICAL COLUMN, 

Comet 188S a (SawerihaI.),— S everal computers having 
shown that the Cape observation of this object made on 
February 18 cannot be harmonized with those made since peri- 
helion by means of parabolic elements, Prof. Lewis Boss has 
computed elliptic elements for it, based on the above-mentioned 
Cape observation, and observations obtained at Albany on 
March 17 and April i8. His first effort was to find a parabolic 
orbit from the last two observations, and another, also made at 
Albany, on March 30 ; but the resulting parabola not only entirely 
failed to satisfy the Cape observation, but also left residuals too 
large to be admitted, for other observations at his disposal which 
had been made since perihelion. The ellipse, on the contrary, 
which he obtained from the places of February 18, March 17, 
and April 18 satisfied these other olwervations very fairly, the 
largest differences being given by the observation of March 30, 
viz. (C - O)-* 

Ao = - 8" *5. AS = - 7" '2. 

llie residuals point to a somewhat larger eccentricity than that 
given below, hut are probably due in great part to comparatively 
small errors in the first and last ol>servattoas used. 

The elements are as follow : — 

T ;= 1888 March 16-9987 G.M.T. 

• * 3°S9 54 S|'4 ) „„„ 
fi s 345 33 46*6 > i888'o 
» = 43 15 331 ) 
log f = 9-297790 
loj ^ - 9-844339 
Period t= 1615 years. 

Prof. Boss suspects, however, that the true period will be found 
decidedly greater than 2000yeara. 

* ^[9*^389] sin {v + 3^ 9 7 *6.', 
y =s r [9*999604] sin {v + 256 29 13 *9). 
z = ^[9787085]sln [v -f 323 4a 17-9). 

Jn the some number of GouM's Asironomicai fournai in 
the above elements appear, the fUv. G. M. aaind^** 
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pendent elUptic orbit very closely resembling that computed by 
ProC Boss. The first two places used are the same as tbose 
Pro£ Boss employed i the third is one obtained on April 16 at 
Harvard Collie. Prot Bass gives the following ephemerts for 
Greenwich midnight : — 


iftSS. 

R.A 

h. vn, t. 

D«cl. 

38 i 45 N. 

Log r. 

Log a. 

May 26 

0 17 I9'4 

0*17274 

0*26595 

28 

0 30 45 *6 

38 43 8 

018109 

0*27036 

30 

034 5 ‘S 

39 *3 19 

018928 

0 27459 

June I 

0 37 19 0 

40 2 24 

0*19730 

0*27864 

3 

0 30 26*1 

40 40 25 

0*20516 

0*28252 

5 

0 33 26 6 

41 17 26 

0*21287 

0*28623 

7 

0 36 20 '5 

41 S 3 30 

0*22042 

0*28978 

9 

0 39 7 6 

42 z8 39 

0*22783 

0*29317 

11 

0 41 47 -8 

43 2 56 

0*23509 

029639 

13 

0 44 21 '1 

43 36 23 

0*24222 

029947 

*S 

0 46 47-5 

« 9 « N. 

0*24921 

0*30240 

The light ratio on June 

15 is 5(1 of that 

at discovery. 


New Minor Plankt, — A new minor planet, No. 278, was 
discovered by Men Talisa at Vienna on May 16, 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 MA Y i.-j—JUNE 2. 


/prOR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 24, 
is here employed.) 


AC Greenwich on May 27 

Sun rises, 3h. 54m. ; souths, iih. 56m. S7'88. ; sets, igh. 59m. : 
right asc. on meridian, 4h. i8‘8in. ; dec!. 21** 25' N. 
Sidereal Time at Sunset, I2h. 22m. 

Moon (at Last Quarter June 1, I3h.) rises, 2ih, lom.*; 
souths, th. 27m. ; sets, 5h. 41111. : right asc. on meridian, 
lyh, 47'6in. ; clccl. 20* 31' S. 

Right asc. and declinatioo 

Planet. Rises. Souths. Sets. on meridian. 

h, m. h. m. h. m. h. m. o « 

Mercury.. 4 42 ... 13 14 ... 21 46 ... 5 3^8 ... 25 29 N. 

Venus 3 26 ... II 6 ... 18 46 ... 3 28*2 ... 17 56 N. 

Mars 14 42 ... 20 22 ... 2 2* .. 12 45‘i ... 4 31 S. 

Jupiter. 19 12 ... 23 31 ... 3 50*... 15 5S’3 ... 19 22 S. 

Saturn.... 8 2 ... 15 57 ... 23 52 ... 8 I9'3 ... 20 14 N. 

Uranus... 14 47 ... 20 27 ... 2 7*... 12 50 2 ... 4 39 S. 

Neptune.. 3 47 ... 11 31 .. ij 15 ... 3 52 8 ... 18 35 N. 

* Indicates that the rising is Chat of the preceding evening and the setting 
that of the following morning. 


Oceultaiions of Stars by the Moon (visible at Greenwich). 


M.iy. Siar. 

Mag. 

Disap. 

Reap. 

Corrosponding 
angles from ver- 
tex to right for 

27 ... 31 Sagittarii 

.. 6 

h. m. 

. 22 I7t . 

h. m, 

• 23 23 

inverted image. 

0 n 

... 49 240 

30 ... 20 Capricorni . 

.. 6 ... 

2 45 

3 38 

... 40 322 

t 

In horizioii at (ircfinwlch. 



Star 

U Cephei ... 

U Cancri ... 

S Leonis 
K Corvi 
R Bobtis 
U Coronse ... 
S Libras 
R Scoipii ... 
U Ophiuchi... 

W Sagitterii 
Z Sa^ttarii... 

B Lyrse, 

R Lyrie 
S Vulpeculse 
S Sagtttee ... 
T Volpecttlse 

S Peg^ 


Variable Stars, 


R.A. 
h. m. 
o 52*4 

8 29-4 
n S'* 
12 13 8 . 

H 32-3 
15 I3‘6 . 


Dec'. 

81 16 N. 


. May 27, 
June I, 
17 N. ... May 28, 
4N. ... 27, 

iS 38 S. ... June 2, 
27 13 N. ... May 29, 
32 3 N. ... June I, 


19 

6 


57 w 

36 m 
M 
M 
M 
M 

37 

m 


... - • 

... 16 110 . 

' -7 -• 

. 23 40 S. 

... May 30, 


Af 

... 17 10*9 . 

. 1 30 N. 

... ,, 28, 

2 

8 m 


and at Intervals of 

20 

8 

... 17 57 ? . 

• *9 35 S. 

... May 27, 

21 

oM 

... 18 14*8 . 

. li ss s. 

0 . „ 27 * 

1 

0 M 



II 3 L 

0 

0 m 

... 18 46*0 . 

• 33 *4 N. 

... 1, 301 

21 

oM 

... 18 $1*0 . 

. 43 48 N. 

... June 2, 


M 

- 19 43*8 . 

.27 I N. 

... May 29, 


m 

19 50*9 , 

. 16 90 K. 

... II as, 

3 

oM 

... 20 467 . 

.. 97 SO N. 

... M 3 L 

*3 

oM 



June 2, 

1 

0 m 

... 22 25^ . 

. sr s« N. 

X| 

1 

0 M 

4.. 23 I 4’9 * 

. S18 N. 

... May 29 * 


M 




Meteor^ Showers, 


Near x Bobtis 
,, 54 Draconis 

From Vuipccula ... 
Near I Pegasi 


R.A. Ded. 

... 227 ... 30 N. ... June 2. 

... 290 ... to N. ... Slow, short. May 30. 
.. 303 ... 24 N. ... Swill. 

... 332 ... 27 N. ... Swift, Very long 
paths. Streaks. 


GEOGRAPHICAL NOTES, 

Refers I VG to the ethnology of the Himalayan hill region o 
Sikkim, where a small British force is at present in occupation, 
the Madras MaUwf& that the population may, broadly speak^ 
ing, be divided into three nationalities : the Lepchas, who are 
the aborigines ; the Nepalese immigrants, now forming nearly 
half the entire population ; and the Bhuteas, or Bhutanese, who 
very closely resemble the Tibetans, and are pure Tartars. It is 
remarkable that the last-named are like the Chinese in the make 
of their hats, clothes, and bcols, and in their pig-taiU, but their 
language is somewhat like Turkish in its sound. It is sup|>osed 
that this people originally came from Tibet, though they ap- 
parently derive their name from Bhutan, which lies to the east of 
Sikkim. They arc tall, strong, and hardy, though they are 
accused of being lazy. They have their Buddhist temples, and 
creel long poles round their houses, with paper streamers on 
which are printed prayers in Chinese-looking characters. One 
may often meet them on the roads 1 wirling their praying- machines, 
which are cylinders of brass or copjKr, with a printed roll of 
prayer inside, and small weights attached to it to ntake it re- 
volve when once it is set going. It is thought that amongst them, 
like the Tibetans, polyandry prevails. The women arc large and 
coarse-fcalured ; they wear thick woollen clothes of bright colours, 
and numerous massive gold and silver ornaments. Some of 
them smear themselves with a hrownidi ointment which makes 
their faces appear as if a coating of French polish had been 
put on. With regard to the aborigines of Sikkim, they are a 
Mongolian race, snort and stout. In appearance they resemble 
closely the Nepalese, though, far different from the latter, who 
arc brave soldiers, they are the most arrant cowards. They live 
by cultivating small tracts of the forests, which they clear by 
setting fire to the trees and brushwood, and move to a fresh spot 
each year. As may be supposed, their agriculture is of the most 
primitive description, and in their language they have no word 
lor a plough. They worship the forces of Nature under the form 
of demons ; the Bhuteas also, though professed Buddhists, pro- 
pitiate evil demons, the same sort of imaginary beings as the 
Nats of the Burmese. The Lepchas are monogamous. The 
race is gradually dying out. The Limboos are a race of half- 
breeds between the Nepalese and the Lepchas, but resembling 
the former more than the latter. There arc several similar 
mongrel races to Vie found in Sikkim, for the Nepalese immigrate 
in vast numbers, being driven out of their own country by press 
of over-population. Few ever return to their own country, and 
great numbers of them work as coolies on the tea estates. Their 
religion is a mixture of Buddhism and Brahminism, and they 
boast of their caste distinctions. Many of them carry curved 
weapons in their belts, while the Bhuteas and Lepchas use 
straidit-bladed weapons, The Bhutea sword is like that of the 
old Roman legionary, but the hill has no guard, after the 
Mongolian fashion. Amongst the jungles of Perai there are 
some curious aboriginal tribes, who do not appear to suffer from 
the malaria which attacks everybody else who sets foot in their 
territory ; but it is said that If they leave their jungles they are im- 
mediately attacked themselves by fever, the malarial i>oison with 
which they have become inoculated thus finding an exit when they 
quit their own locality. All the natives of the plain call these races 
indiscriminately ** Pahariyas,” or “ hill-men,^' who, though they 
differ from each other, differ still more from the inhabitants of 
the plain in their language and mode of life. They are all moun- 
taineers and Mongolians, and have all great physical strength. 
A story is told of a Bhutea woman who once carried a grand 
piano up the Ghaut from Punkabari to Darjeeling in three days, 
and arrived on the third day quite fresh and unexhausted at her 
destination with her burden on her back. 

A RECENT number of the China Review (vol. xvi. No. 3) 
contains a long paper by Mr. Taylor, whose publications on 
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Formosa and its people have frequently been noticed in these 
<olumn8, entitled “A Ramble through Southern Formosa.” It 
ireally describes a long journey along the almost wholly unknown 
^ast coast, and has much information respecting the various 
tribes, their relations to each other and to the Chinese Govern- 
iinent-^thc Tipuns, Paiwans, Dinramocks, Atnias, and others. 
Mr, Taylor refuses to discuss gravely the theory of a cataclysm 
put forwaM to account for the aborigines in Formosa. "One 
'might just as well introduce the mythical convulsion which lost 
Atlanta to Europe, and detached Great Britain from the neigh* 
bourinp; ontinent, to acount for the painted savages Ctesar 
found in England.” The Tipuns are probably descended from 
emigrants from some northern islands, probably Japan ; the 
Paiwans as a rule inhabit the mountains of the interior, and are 
’head-hunters, a cruel, predatory, and passionate r&ce, probably 
-of Malay origin, and the very earliest settlers in Southern 
Formosa. The Pepohoans probably came from Loochoo ; they 
have no language of their own, speaking only Chinese, while all 
the other triljcs have their own tongue. The Diaramocks arc 
the most dreaded Lril>e of the south part of the island ; they are 
reputed cannibals, but Mr. Taylor doubts whether they arc not 
accused without cause, Tt»e paper concludes with some vigorous 
•engravings of representatives of the different tribes, including a 
Biaramock, a 'Pipun chief, an Amia, a Paiwan, a Tipiin warrior, 
.a Nicka, and Tipun weapons. 


The BoliettiHo of the Italian Geographical Society for April 

g nbiishes the results of some preliminary studies, by Prof. Giulio 
leloch, of the Roman Universily, on the vital statistics of Italy 
during the last three centuries. According to these stmlies, the 
total population of the [>eiiinsiila has incrcase<I from a little over 
11,000,000 in 1550 to 13,000,003 in 1700, 16,500,000 in 1775, 
over 18,000,000 in 18H0, a?id nearly 30,000,000 in 1887. The 
-growth of the population for some of the larger States is given 
4is under - 


St-'itos. 

'Naples 

Sicily 

-States of the j 
Church ... \ 
Tuscany 
Venetia 
'Mil.ino^e ... 
'Piedmont 
Sardinia 


Year. 

Pfiji In 
mini ms. 

«sn 

2*7 

1570 

1-07 

1560 

1*6 

1562 

0-8 

1548 

16 

1542 

I *0 

1569 

1*05 

*575 

0-15 


V«ar. 

Pop. in 
millions. 

1700 

30 

1714 

I *12 

I 701 

I *98 

1738 

089 

1700 

1-8 

1724 

11 

*723 

*55 

1728 

o '3 


Year. 

I'on. ip 
Tnillions. 

1770 

409 

J770 

1*48 

1769 

2*17 

1766 

0*94 

1766 

2*24 

1773 

I *i 

1773 

^■3 

*775 

042 


A OEOi.OGlCAi- Expedition, under the leadership of MM. 
TvanofT ainl Konshin —the two well-known investigators of the 
geology of Turkistan — is to be sent out this summer for the 
exploration of the Iktor.al region 0/ Russian Mantchnria. The 
orography of this regi m is hardly yet known, and the Expe- 
pition will certainly throw so ne light on th-* structure of the 
chains of moimtaiiH wliich are still hypothetically represented 
on our maps. 


TJ/E /ROy AND STEEL INSTITUTE. 


'T'HE annual meeting of the Iron and Steel Institute took 
place last week at the theatre of the Institution of Civil 
Engineers, under the presidency of Mr. Baniel Adamson. On 
the motion of the President, His Royal Highness the Prince of 
Wales was unanimously elected an honorary member. Sir 
Henry Bessemer presented the Bessemer medal to the President, 
and rele:*red in the course of his remarks (o the circumstance 
that whereas in ShefHcld, the stronghold of steel-making, he 
-CTukl hnd no one to investigate his process when he first brought 
It out, fortunately for him — and he might add, fortunately for the 
r resident, Mr. Daniel Adamson, did so, and having 
“inaself as to its applicability determined to employ itT 
ine 1 resident, whose mvcstimitiona with regard to steel are well 
known, thanked Sir Henry Bessemer and the Council of the 
the award, and referred to his early connection 
with Bessemer steel, which metal he had continued to use ever 
since. 

the address, which w«, 

.Tnamly statistical m character. The Iron and Steel Institute had 


been nineteen years in eaUtence, during which period 2Ud 
members had been elected, including seventy-two mected at the 
present meeting. He drew attention to the falling off Which had 
taken place in uie production of manufactured iron in this country 
since 1884, and the large increase in the production of steel dur- 
ing the same period. Thus in 1884 about one and a quarter million 
tons of Bessemer steel ingots were iwoduced, and in 1887 about 
two million tons, being an increase of about 60 per cent. ; in 1884 
nearly half a million of tons of Siemens open-hearth steel ingots 
were cast, and nearly a million tons last year, the actual increase 
during the period being over io6 per cent., besides which plant 
I is at present in course of erection estimated to produce another 
quarter of a mitJxon tons annually. During the same period there 
has l>een an enormous increase in the application of steel to ship- 
building purposes. Thus from a table supplied to the President 
by Mr. William Parker, Chief Engineer to Lloyd’s RegUt^ of 
British and Foreign Shipping, it is found that whereas in 1878, 
under 3000 tons of steel were employed in the manufacture of 
steamers and sailing-vessels built under Lloyd’s survey, and over 
300,000 tons of iron, last year over 2 to, 000 tons of steel were 
employed and about 52,000 tons of iron. The proportional 
increase in the use of steel in the last three years has been about 
cent, per cent., and the falling ofl' in the use of iron during the 
same period 350 per cent. Before leaving the subject of steel, 
the President referred to the papers read at the Institution of 
Civil Pmgtneers on Manganese in its Application to Metal- 
lurgy,” and on “ Some Novel Properties of Iron and Manganese,” 
wherein it was shown that whereas 2*5 to 7*5 per cent, of 
manganese in steel makes it as brittle as glass, breaking under a 
much less transverse load than cast iron, 12 to 14 per cent, of 
manganese in the metal .secures high carrying power with great 
elongation. Thus a bar of the composition — carbon 0*85 per 
cent., silicon 0*23 per cent., sulphur 0*08 per cent,, j^hosphorus 
o'oq per cent., and manganese 13*5 per cent., carried a load of 
57*02 tons to the snuarc inch, and took a permanent set at 
29 J tons, with an elongation of 39*8 per cent. This metal 
is toughened by heating it to a high temperature, and plunging 
it into water at a temperature of 72^ r. It is diflioult to 
machine, which would militate against its practical application 
for many piirpo.scs, unless cooling in water whilst developing 
strength and toughness should also have a softening tendency. 
The President concluded his address hydrawing attention to the 
influence of the alloys they contain on the various applications of 
pig metal, as outside f>f high-class hmnmtitcs that are used for the 
manufacture of Bessemer and open-hearth steel, selections may 
be made giving the highest results without using some of the 
liigltcr-pricc<l irons that are now considered necessary for given 
purposes. 


Mr. Carbutt, President of Ihe Institution of Mechanical 
Engineers, in proposing a vote of thanks to the President for his 
adtiress, drew attention to the interesting circumstance noted by 
Mr. Parker that loo tons can now be curried one mile by steam- 
ships at the rate of thirteen mile*> an hour, at a total cost, including 
fuel, insurance, &c., of seven- eighths of a penny. 

'I'hc papers read and discussed at this meeting ranged over a 
large variety of subjects. Mr. T. Turner’s paper on ** Silicon 
and Sulphur in Cast Iron,” read at a previous meeting, wa.s 
discussed. The conclusions at which the author arrives are that 
in the blast furnace three chief agencies are at work tending to 
eliminate sulphur, of which in Cleveland practice not more than 
one-twentielh passes into the iron : (l) a high temperature tends 
to prevent the absorption of sulphur by iron ; (2) a slog rich in 
lime readily combines with sulphur ; and (3) the amount of 
sulphur actually retained by the metal is influenced by the pro- 
portion of silicon and probably certain other elements present 
in the iron— the more silicon the less sulphur. This paper was 
discussed by Messrs. Snelin, Gautier, Riley, Bauerman, and Sir 
Lowtbian Bell ; but the author, in his reply on the discaa&Ion, 
considered that nothing had been brought forward to disprove 
what he maintained, viz. that if they put silicon and valphur 
together in iron, they would not combine tliere, ihc sulphur 
would pass off and the silicon remain. 

Mr. Gautier read a paper on the melting in cupola furnaces 
of wrought iiw or steel scrap mixed with firro-silicon, the con- 
clusion at which he arrived being that ordinary wrtMurht-lrDU 
scrap so heated may yield results a« good as those obUiited from 
castings made with oMinary atcel scrap. This conoluidoQ Was 
contested} however, bv various speakers in discussion. 

A ^ ™ meeting of the Institute by Mr, 

A, Wilson, m ‘*The Use of Water Ga$ for Metalluigical 
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Pnrpo&«s/' WM dtscuAsed. llie Author hod found water gasi and 
promts gw prAGticaUy ccjoal both os regarded cost of production 
and hoalmg Talues, 

Mr. H. Ecciea drew Attention, in a paper on “An Imperfection 
in Mild Steel Plates considered chemically," to want of care in 
aampling steel before casting, whereby defects in the ingots were 
rollm out into the plates ; and it appeared in the disatssion, as 
well AS in a paper by Major Cubillo, on “ The Manufacture and 
Treatment of Oninance at Trubia," that the ingot was much 
improved when the steel was made and heated in a radiation 
furnace. Another paper by Major Cubillo, on “Steel Castings 
for the Manufacture of Guns," gave rise to a highly technical 
discussion ; as did aliso papers on “The llehaviour of Arsenic in 
Ore and Metal during Smelting and Purification Processes," by 
Messrs. Patlimon and Stead, and on “ The P'.ffect of Arsenic on 
Mild Steel," by Messrs. Harbord and 'J'ucker. 

The last paper read was on “A New Instrument for the 
Measurement of Colour, more e8]>ecially as applied to the 
Estimation of Carbon in Steel," by Mr. H, Le Neve Foster. In 
the instrument are two fields of view under siintlar monocular con- 
ditions, freed from any erroi-s which arise from the introduction 

of unequal side lights, and also the different power of distinguish- 
ing colour that often exists in the eye of the obfierver ; in con- 
junction with the instnimcnt is a standard set of coloured glasses, 
each set being the same colour, but regularly graded for depili 
of tint. The instrument consists of a lube, divided by a central 
])artition terminating at the eye*pit*ce in a knife-edge, which, being 
inside the range of vision, is not seen when the instrument is in use 
At the other end of the instrument are two apertures* of equal 
size, and alterable in size or shape by means of diaphragms, The 
two apertures are divide*! by the thick end of the central parti- 
tion, which, together with the sides, is recessed so as to hide the 
edges of the standard glasses, as well as the sides of the gauged 
glass vessels, which are used to contain the liquid that requires 
to be matched or compared. The only light coming to the eye 
must pass in equal quantity through the gauged glass vessel and 
the standard glasses reajiectively. 

The instninient has been used by dyers, brewers, and sugar, and 
various other manufacturers. It forms a ready means of measuring 
the depth of colour in water, and is also applicable for Ncssler’s 
ammonia test, as used in water analysis. For the estimation of 
carbon, the author finds the best results are obtained by dis- 
solving 0*5 gramme of steel in lo c.c. nitric acid, sp. i'20, and 
bailing for twenty minutes, and then diluting to 50 c.c, and 
placing the liquid in a I inch cell. For mild steel this, gives an 
easy colour to match, the results olitained agreeing well with 
those found by the Kggerty method. 


SCIENTIFIC SEEIALS, 

The Quarterly Journal of Microscopical Science for April, 
1888 (vol, xxviii. part 4) contains : — A monograjdi on the 
species and distribution of ilie genus TV‘ripatus, Gitllding (plates 
34 to 40), by Adam Sedgwick, F. R.S., gives an account of all 
the known species of the genus, with a bibliography (d nmst of 
the literature relating to them. Many of the figures are 
coloured from nature. — Notes on the anatomy of TerifeUtss 
capensis and P, novcr-zealauaur^ by Lilian Sheldon, Bathurst 
Student, Newnham College, Cambrulge. Gives details about the 
crural glands, the seginental organs, the accessory glands of the 
male, and the vns deferens. — On the construction and purpose 
of the so-called labyrinthine apparatus of the I abyrinthinc 
fishes (plate 41), by Dr. Nicholas ZograflT. —Studies on the 
comparative anatomy of sponges; (i) on the genera Ridlcia, 

gen*, and Quasillina, Norman (plate 42), by Arthur Dendy 
— Klemenberg on the development of I.opadorhynchus, by G. C. 
Boame. This paper gives a rlsunul of Prof. Klcinenbcrg’s very 
detailed account of the development of the Polyuhicte Annelid 
Lopadorhynchus, which extends over 225 pages of the Zeitschrift 
fur l^iutnseha/lliclu Zoologie. 

Armrican Journal Stunce^ May. — The absolute wave- 
length of Hght, Pim 2, by LottU Bell. In continuation of lus 
previous communication the author here gives the angular 
memrements, 4ind the details of the measurement and cali^ 
brntian the gratings, together with the final resulu. He also 
mqiui^ into the probable sources of error in some recent deter- 
miti^ODS of wave-lea^h« HU own final determination of the 
**^5? absolute wavelength for the line Dj is 

58^^18 in air at 760 mm^ pressure ana 20® C. temperature, or 


fzr v/rcM? 5897*90^ which be comiders not likely to be in error 
^ an amount as great as one part in two hundred thousand.— 
Tbreeforniations of the Middle Atlantic ^ope (continued), by W. 
J. McGee. In this paper the author deals with the Columbian 
fommlion alone, describing in detail the general characters of 
its fiuvial and incerfiuvlar phases. By the Jiwuial phase he 
understands the thicker and more conspicuous formattona 
commonly occurring along the great rivers at and for some 
miles below the fall line, while the iutcrjluvial comprises 
the thinner deposits forming the surface over the re- 
mainder of the coastal plain. These interfluvial deposits 
are shown to corroborate and extend the tedimony of 
the deltas, all the phenomena conjointly recording a brief 
period of si^bmcrgence of the entire coastal plain in the 
Middle Atlantic slope reaching rco feet in the south and over 
400 in tlic north, with coxval cold, long anterior to the terminal 
moraine period. — On some peculiarly-spotted rocks from Pigeon 
Point, Minnesota, by W, S. Hailey. The character anil orhfin 
arc dhicussed of some curious circular spots occurring here and 
thereon the quartzites of Pigeon Point, a district projecting about 
3^ miles into Lake Superior, and consisting mainly of a great 
dyke of coarse olivine gabbro or diabase. — The Taconic system 
of Emmons, and the use of the name Taconic in geological 
nomenclaiurc (continued), by Chas. D. Walcott. In Ibis paper 
the author deals with the subject of nomenclature, discussing the 
use of the names 'Paconic and Cumbrian, and concluding with a 
classification of the North American Cambrian rocks,-— Prof. R. 
D, Salisbury has some remarks on the terminal moraines of 
North Germany, and Carl Barus communicates a short note on 
the viscosity of gases at high temperature, and on the pyrometric 
use of the principle of viscosity. 

Bullet in de I'AcadImie Bojmle dc Belgique^ March. — Remarks 
on some stone implements found in Spain by MM. II. and L. 
Siret, by A. F Renard. Amongst the rich arch Lcologi cal finds 
recently made by MM. Siiet in the Carthagena and Abneria 
districla arc some polished st*)ne halcbcls of small size and 
beautiful workmanship. With a view to determining the 
material of which these implements were made, the authoi has 
subjected them lo a caieful analy-nb, and finds that this material 
is fibrolitc, which occurs in many parts of Spain. In appeMrance 
it sonicwlial resembles jade, but its chemical composition and 
general propcitics show that it is quite distinct fiom that sub- 
stance. — Determination of ilie variations in the specific lieai of 
fluids near the critical point, by P. de Ileen. It is suggested as a 
working hypothesis, that fluids are formed of molecular gioups 
which may be called liquidogenie molecules. These groups and 
their constituent elements, presenting the aspect of little vortices, 
would appear simply to be the molecules as regarded in the gaseous 
state (gasugenic molecules). The transition from the liquid to 
the gaseous slate at tlie critical lenq^erature might then be thus 
interpreted. It niny be udinitlctl that at a given teinperature 
the gaso^enic molecules cease to move in closed curves, and 
describe the rectilinear trajectories of M. Clausius. The 
author^ researches, as here described, tend mainly to confirm 
this view. 

Rendieonfi del Beale Ttifulo^ Lombardo^ April. — On the 
importance of the phagoriti in the morphology of the Metazoi, 
by Prof. I.eopoldo Magi. The author ^ rescMches generally 
tend to confirm the conclusions of Metschnikoff regarding the 
physiological functions of the pha|™iti. Me considers that 
“ phagocitism " — that is, the rntracellnlar digestive procesa—is a 
function which attests in the morphology of the Metaz.oi, or 
pluriccllular organisms, their genetic descent from the Protoxoi. 
Thus physiology,* ns well as embryology and paleontology, 
confirms the now commonly accex>ted view's regarding biological 
volution in animal organisms. 

Rivista Scientifico-IndustriaU^ April 30. — On borne recent 
discoveries in electro-optics, by Prof. Ercole Fostati. In con- 
nection with the recent researches of Hertz and Hallewachs on 
the influence of light on electrified couduclora, attention is 
directed to the analogous experimenta made by Morichini at the 
beginning of the present century. Reference u made more par- 
tieniarly to this ii^ysicLSt's observations oa the magnetization uf 
steel by the effect of light alone, independently altogether of any 
action caused by heat or terrestrial magnetism. — HSsearches on 
ma^etic thermogenesis, by Prof* Giaseppe MartinoUi. The ex- 
penmenU described in this ami previous papers lead to the 
general conclusion that heat is develo|^d when soft iron, or any 
other magnetic body, is successively magnetized ; and that the 
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heat is increased by reversing^ or even simply interrupting the 
currenti which is in accordance with the mciiern theories on 
thermodynamics and molecular polarization. But all these ex 
perlments are merely prelim ina^ studies in a field of vast and 
increasing importance, the cultivation of which may ultimately 
lead to the greatest discovery of modern times, the deter- 
mination and application of the laws by which the material 
universe is governed even in phenomena of a psychic order. 


SOCIETIES AND ACADEMIES. 

London. 

f 

Royal Society, March 8 . — ** Contributions to the Anatomy 
of the Central Nervous System of Vertebrate Animals ; 
Anatomy of the Brain of Cn'atodus forsteri.^^ By Alfred 
Sanders, M.R.C.S., F.L S. 

The brain of Cerntodus has the following general arrangement ; 
the membrane which represents the pia mater is of great thick- 
ness and toughness ; there are two regions where a tela choroidea 
is developed ; one where it covers in the fourth ventricle, and the 
other where it penetrates through the third ventricle and separates 
the lateral ventricles from each other. 

The thalamencephalon and the mesencephalon are narrow, 
and the medulla oblongata is wide. The ventricles are all of 
large size, and the walls of the lateral ventricles are not com- 
pleted by nervous tissue. All the cranial nerves are to he seen 
except the abducens and the hypoglossal. There is a large 
communicating branch between the trifacial and the vagus. The 
glossopharyngeal has no separate root, but is a branch of the 
vagus ; the p;anglion of the vagus is not the termination of the main 
trunk, but is an off-shoot from the ramus lateralis \ the ganglion 
gives off the branchial nerves and the ramus intcstinalis, the 
ramus lateralis passing on without entering it. 

The minute structure of the dorsal part of the cerebntm 
presents four layers : externally a layer of finely granular 
neuroglia, with slight indications of radial striation ; next a 
layer of larger-sized cells ; then another layer of neuroglia, 
with fibrilhe having a tendency to a longitudinal direction ; and 
internally a layer of rounded cells closely crowded together. 
The ventral part of the cerebrum has only two layers, the 
external of neuroglia, and the internal of rounded cells. 

The olfactory I^cs resemble the cerebrum in structure, there is 
an internal layer of celU continuous with those of the cerebrum, 
and an external layer of glomeruli olfactori, which seem as if 
they were the external layer of the cerebrum condensed ; and 
between the two, a layer of longitudinal fibres, on which 
fusiform cells are developed. 

The optic lobes also consist of four layers : externally there 
is a layer of longitudinal fibrils derived frotn the optic tract ; 
then a layer of smoothly granular neuroglia ; then a layer of 
transverse fibritl^e which collect into a commissure in the central 
line at the dorsal surface. 'Hiis layer also contains fusiform 
and rounded cells sparsely scattered through it ; and inter- 
nally there is a layer of cells mostly rounded. At the central 
line on the dorsal surface there is a ganglion of large cells 
resembling those of the optic lobe of the Plagiostomata. 

The cerebellum is a mere bridge over the fourth ventricle. 
Its structure presents the usual number of layers i internally the 
fibrous layer, which ultimately forms the crura ccrcbelli ad 
medullam ; then the granular layer, the cells of which are of 
large size compared to those of the same layer in Teleostei and 
Plagiofitomata ; then a layer of Purkinje cells, of which the form 
aud the number of processes are not uniform ; externally is the 
molecular layer, which consists of a coarsely granular network 
derived from the processes of the Purkinje cells, also a network 
of finer fibrils and many rounded cells. 

In the spinal cord there ate three columns of longitudinal fibres 
on each side in the white substance : viz. the ventral columns 
between the two ventral roots of the spinal nerves ; the lateral 
columns between the dorsal and ventral roots ; and the dorsal 
columns between the two dorsal roots. Fibres of large size are 
scattered throughout the two former columns, but collected 
principally in the ventral. The dorsal consists entirely of minute 
fibres. 

The principal feature in the white substance is a fibre of gigantic 
size, which is situated on tl • summit of the ventral ooli^mns, one 
on each side; it consists of a common medullary sheath ; incIosiRg 


(where (he fibre is largest) about 40 to 50 axU-eylifideri ; these 
have the character of the axis- cylinders of the ordinary fibres of 
the white substance, but have no separate medullary sheaths ; 
this fibre is traceable throughout the spinal cord ; commencing 
opposite the posterior end of the abdomen, It extends to a short 
distance behind the exit of the facial nerve ; it varies in size, 
and becomes of the greatest diameter near the iiosterior end of 
the medulla oblongata ; its axes escape througn the medullary 
sheath, and join the longitudinal fibres of the ventral columns. 
Near its anterior termination all the axes have escaped except 
one ; at this point it bears a great resemblance to Mauthner’s fibre 
in the Teleostei. This remaining fibre decussates with that of 
the other side a short distance behind the exit of the facial nerve, 
and enters the rool of that nerve on the opposite side. 

In the gray substance of the spinal cord, there are two series 
of ganglia, one in the ventral horn, which consists of multipolar 
cells often of very large size. They send procc'sscs into the ventral 
and lateral columns, which often '^come the smaller-sized longi- 
tudinal fibres. The cells of the other series of ganglia are of 
smaller size, and are situated in the substantia gelatinosa cen- 
tralis ; they are smooth in outline, and give off one or two pro- 
cesses ; they probably have to do with the dorsal roots of the 
spinal nerves. Cells also of this kind occur at other places, as 
in the fibr» recta;, and in the field of the ventral columns. 

The transverse commissures are : one in the spinal cord, which 
passes through the substantia gelatinoLsa centralis over the central 
canal ; another on the ventral side of the anterior part of the 
medulla oblongata, which corresponds to the commissura ansu- 
lata of the Teleostei, and is connected with the commissure in 
the dorsal part of the optic lobes ; then there is the posterior 
commissure at the posterior p.irt of the third ventricle ; and a 
commissure at the posterior end of the cerebrum which is the 
anterior commissure. 

There is no chiasma of the optic nerves visible externally ; what 
there is of it, is situated in the substance of the thalamencephalon. 
The anterior root of the fifth nerve arises from a ganglion 
occupying a broad swelling at the lateral port of the gray matter 
of the floor of the fourth ventricle. The posterior root arises 
from the summit of the restiform bodies. 

The facial passes backward in a small tubercle at the junction 
of the floor of the fourth ventricle with the restiform bodies. 

The ocusticus arises from a bundle of fibres which oie situated 
on the summit of the ventral column, and appear to be a con- 
tinuation forward of part of the multi-axial fibre which has not 
decussated. 

The five roots of the vagus pass backward, and enter in suc- 
cession the same tubercle as, and to the outside of, the facial 
nerve ; the three posterior roots arc double, so that the vagus 
is equivalent to eight nerves, and consists entirely of dorsal 
roots. 

Two nerves are given from the vcnirnl side of the medulla 
oblongata, each of which has two roots ; they do not join the 
vagus, and pass back some distance within the vertebral canal, 
and emerge on a level with the exit of the dorsal roots of the 
spinal nerves. 

The second and third spinal nerves supply the pectoral fin, 
and follow the course usually pursued by tne hypi^Iossal when 
that nerve is present in Teleostei. 

The fibres of the ventral roots of the spinal nerves enter in a 
direction upward and forward toward the inner edge of the multi- 
axial fibre, between it and the central canal, and then passing 
over the dorsal edge of the satne are either lost in the ^ay sulv 
stance of the ventral horn, join a process of one of the multi- 
polar cells, or become one of the longitudinal fibres of the 
ventral columns of the cord. 

The brain of Ceratodus presents an embmnic condition in 
three points : viz. first, in the extreme size of the ventricles and 
the tenuity of the sub^nce of their walls ; second, in the alter- 
nating origins of the dorsal and ventral roots ; third, in the origin 
of the dorsal roots close to the central line. 

Compared to Protoptems, it differs in the shape and imper- 
fection of the cerebral lobes, and in the fact of iu naving a welt- 
developed rhinenoephalon ; but it agrees in the narrowness of 
the mesencephalon, and breadth of the medulla ohloiigata, and 
in the mdimentary character of the cerebellum* 

Ceratodus agrei^ also with the Ganoids in the oompontive 
narrowness of the mesencephalon, and in the proportions of tlm 
cerebellum* 

With the PlagloftomaU it agrees in the structure of the 
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lobet, both ordon jireyeDtiDg a ganglion of large cells in the 
dbri^ part. 

With the Teieofttei it agrees in the malti-axial hbre, which 
anteribr to its termination resembles the Maothner’s fibre, also 
in the position and fact of its decussation. 

With the Petromyson it i^rees in the structure of the tela 
choroidea which covers the ^urth ventricle. 

April 19, — “On the Heating Effects of Electric Currents, 
No. III." By W. H. Preeco, F.U.S. 

1 have taken a great deal of pains to verify the dimensions of 
the currents as detailed in my paper read on December 22, 
1S87, required to fuse different wires of such thicknesses that 
the law 

C = 


is strictly followed ; and I submit the following as the final values 
of the constant “ a " for the different metals : — 


Copper 

Inches. 

10244 

Centimetres. 

.. >873 

MiUimctres. 
... 8o-o 

Aluminium 

7585 

... 59‘3 

Platinum 

5*7* 

.. 1377 

... 404 

German silver 

5*30 

.. 1292 

... 408 

Platinoid 

4750 

.. 1173 

... 37-1 

Iron 

3*48 

777’4 

... 24*6 

Tin ... 

1642 

405-5 

... 12*8 

Alloy (lead and tin 2 to i ) 

1318 

3255 

... 10-3 

l^ad 

*379 

.. 340-6 

... 10*8 


With these constants I have calculated the two follouing 
tables, which I hope will be found of some use and value ; — 


Table shmving the Current in Amjteres required to Tme Wires #/ Various Sizes and Afaterials\ 

C - 


No. 

S.W.G. 

Diameter. 

Inches, 


Copper. 
a = 10344. 

Aluminium. 
a =5 7585. 

Platinum, 
a =5172. 

Ger. .Silver 
rt 5230. 

Platinoid. 
a = 4750. 

Iron, 
tf = 3148. 

Tin. 

/I := 1642. 

Tin-Lead 
Alloy, 
as 1318, 

Lead. 

« = 8379 - 

14 

o'oSo 

0*022627 

231-8 

171*6 

117*0 

U8-3 

107-S 

71*22 

37>5 

29*82 

31*20 

16 

0*064 

0*016191 

165 *8 

122 *8 

8373 

84-68 

76-90 

50-96 

26*58 


22*32 

tS 

0*048 

0*010516 

107-7 

79*75 

54 37 

54’99 

49*95 

33*10 

17-27 

13 86 

14-50 

20 

0*036 

0*006831 

69-97 

51*81 

35 '33 

35 7 * 

32 ‘44 

21*50 

11-22 

9-002 

9-419 

22 

0*028 

0 004685 

48 00 

35-53 


24-50 

22*25 

» 4 * 7 S 

7692 

6-175 

6-461 

24 

0*022 

0003263 

33-43 

2475 

26*88 

17-06 

15-50 

10*27 

5357 

4-300 

4-499 

26 

0*018 

0*032415 

24*74 

18*32 

12-49 

12-63 

11*47 

7*602 

3 '965 

3«83 

3-3,^ 

2$ 

0*0148 

O'OOX^I 

18-44 

13-66 

1 9 ‘ 3 n 

9-416 

8*552 : 

5*667 

2-956 

*•373 

2-483 

30 

0*0124 

0*001381 

14 - >5 

10*47 

i 7-142 

7-222 

6 559 ! 

4*347 

2*267 

1*820 

1-904 

32 

0^108 

0 001122 

11*50 

8*512 

5 *805 ’ 

5-870 

5-330 i 

( 

3*533 

1-843 

1*479 

1-548 


Table giving the Diameters of PVire. of Various Mater iah w\ich will be Fused by a Current of Given Strength. 




.s . 

Diameter in inches. 

II 

Copper. 

Aluminium. 

Platinum. 

German Silver 

Platinoid. 

Iron. 

'J'in. 

Tin-Lead alloy. 

Lead. 


a St 10344. 

a s= 7585 


n = 5*30. 

a 4750. 

/I = 3*48. 

0 = 164s. 

0 = 1316. 

a = 1379. 

1 

0*0021 

0*0026 

00033 

0*0033 

00035 

00047 

00072 

0*0083 

00081 

2 

0*0034 

0'0Q4I 1 

0-OOS3 

0*0053 

00056 

0*0074 

0*0113 

0*0132 

0*0128 

3 

0*0044 

0*0054 
00065 ! 

00070 

0*0084 

0*0069 

0*0374 

0-0097 

1 0-0149 

00173 

O‘oi68 

4 

0*0053 

0*0084 

0*0089 

OOII7 

: o*oi8i 

0*0210 

0*0203 

5 

0*0062 

0*0076 

0*0098 

00097 

0*0104 

0*0136 

0*0210 

0*0243 

0*0236 

10 

00098 

0 V 120 

0*0155 

0*0154 

0*0164 

0*0216 

00334 

00386 

0*0375 

IS 

0*0129 

0*0158 

o*oao3 

0*0202 

0*0215 

0*0283 

0-0437 

0*0506 

00491 

20 

0*0156 

00191 

o'oaaO 

00245. 

0*0261 

00343 

0*0529 

0*0613 

0-0595 

00690 

25 

0*0181 

0*0222 

0*0286 

0*0284 

0*0303 

00398 

0*0614 

0 0 

30 1 

0*0205 

0*0250 

0*0333 

00320 

0*0342 

0*0450 

010694 

0-0779 

0-08^ 

35 ! 

0*0227 

0*0277 

00358 

00356 

00379 

0*0498 

00769 

00890 

40 

0*0248 

0*0268 

0*0303 

0*0328 

00391 

0*0388 

0*0414 

0-0545 

0-0589 

00840 

0-0973 

0*0944 

45 ‘ 

0*0423 

0*0420 

0*0448 

0*0480 

0*0909 

0*1052 

0*1021 


0*0288 

0035a 

0*0454 

0*0450 

0*0632 

0*0975 

0*1129 

0*1095 

0*0325 

0*0397 

0*0513 

0*0509 

00542 

0*0714 

O'lIOI 

01275 

0*1237 


o'03^io 

0*0440 

0*0568 

0*0631 

0*0564 

o‘o6io 

o*o6ot 

0*0791 

o'o8^ 

0*1220 

0*1413 

0*1371 

60 

0-0394 

0*0426 

0*0401 

00657 

0*1334 

0*1544 

01671 

0*1499 

01621 

90 

j 0*0520 

00672 

0*0667 

0*0711 

0093s 

0*1443 

100 

120 

ox>457 

0*0516 

0*0558 

0*0630 

0*0720 

0*0814 

0*0715 

o’o8o8 

0*0762 

o*o86i 

0*1003 

0*1133 

o*i 54 f 

0*1748 

0*1792 

0*2024 

0 1739 
0*1964 

\t 

180 

0*0572 

0*0635 

0*0670 

0*0M 

0*0763 

0^)826 

010902 

O'O^ 

o‘io66 

0*0895 

0*09^ 

o'lojfS 

0-0954 

0*1043 

0*1128 

0I2SS 

0*137* 

0*1484 

0*1937 

0*2118 

0*2291 

0-2243 

0*2452 

0*2653 

0*2176 

0*3379 

0*2573 

m i 

6*0(735 

0*0886 

0*1144 

0*1 135 
0*1228 

0*1210 

0*1592 


0*2845 

0*2760 

iiS 

0*0^ 

0Xl|4l 

0*0958 

01237 

0*1309 

o;ip2 

0-3077 

0*2986 

»So 

Si 

0*1028 

0*1327 j 

0*1^17 

0^1404 


0^51 

0*3301 

0*3203 

[ 0*0950 

OIOM 

o*xm 

0'I4»4 ^ 

01498 

0^404 

0*1487 


O't^ 

o'aw 

0*3038 

0*3220 

0-3515 

o-37aB 

0-34*3 

0*3617 




9* 


NATURE 


{M^ay 24, i8il6 


, May 17, — ** Oa the Stnicture of the Electric of 
^inularis/* By T. C- Ewart, M.D., Regius rrofessor of 
Natural History, university of Edin’iurgh. Commaaicated by 
Prof. J. Burdon Satidtrson, F.R.S. 

This paper gives au account of the stincture of the cap -shaped 
bodies, which, as nieiitioned m a previous paper read on April 26, 
18^, make up Khc electric organs of certain members of the 
skate family. The stnicture of these electric cups has been 
already studied in three species of skate, viz. Rata /uUonta, R. 
^adtata^ and R. circulans. The present paper only deals with the 
-electric organ of R. circularise It shows that the cups In this species 
are large, well-rlefined bodies, each resembling somewhat the cup 
-of the familiar cup and ball." The cop proper, like the disks 
■of R. hatiSy consists of three distinct layers, (i) the lining, which 
is almost identical with the electric plate of bat is ; (2) a thick 
meriian striated layer ; and (3) an outer or cortical layer. The 
lining or electric plate is insrpnrahly connected with the terminal 
branches of the numerous nerve-fibres, which, entering by the 
wide mouth in front, all but fill the entire cavity of the cup, and 
ramify over its inner surface, the intervening spaces being 
occupied by gelatinous tissue. This electric layer, which is 
richly nucleated, presents nearly as large a surface for the ter- 
minations of the electric nerves as the electric plate wliich 
-covers the disk in R. baits and R. davala. The striated layer, 
ns in R. batis^ consists of numerous lamella:, which have an 
extremely contorted appearance, but it differs from the corre- 
sponding layer in Re batis^ in retaining a few corpuscles. The 
cortical layer very decidedly difl'ers in af>pearaace from the 
alveolar layer in R* bat is. It is of considerable thickness, con- 
tains large nuclei, and .sometimes has short blunt processes 
projecting from its outer surface. These short processes ap- 
parently correspond to the long complex projections wbicli in 
R. b/ttis give rise to an irregular network, and they seem to 
indicate that the conical liwer of R. circular is essentially agrees 
with the alveolar layer of K. baits ^ differing chieffy in the amount 
of complexity. Surrounding the cortex there is a tliin layer of 
gelatinous tissue in which capillaries ramify. This tissue evidently 
represents the thick gelatinous cushion which lies behind the 
< 3 isk in R. batis^ and nils up the alveoli. 

The stem of the cup is uynally, if not always, longer than the 
diameter of the cup. It consists of a core of altered muscular 
substance, which is surrounded by a thick layer of nucleated 
protoplasm continuous with the cortical layer of the cup, and 
apparently also identical with it. 

The cups arc arranged in oblique rows to form a long, slightly- 
flattened spindle, which occupies the posterior two-thirds of the 
tail, being in a skate measuring 27 inches from tip to lip, slightly 
over 8 inches in length, an<l nearly a quarter of an inch in width 
at the widest central portion, but only about 2 lines in thickness. 

The posterior three -fifths of the organ lies imbiediately beneath 
the skin, and has in contact with its outer surface the nerve of 
the lateral lir». The anterior two-fifihs is surrounded by fibres 
of the outer caudal muscles. It is pointed out that while the 
organ in R. circularis is larger than in A\ raiiiata^ it is relatively 
very much amalfer than the organ of R. baiis. 

Linnean Society, April 19,— Mr, Carruthers, F.R.S., 
President, in the chair. —Prof. Martin Duncan exhibited 
specimen of /JeteroeenToius mamillatus, showing the apertures 
of three of the genital ducts to be in the median interradial 
sutures, the corresponding basal plates being imperforate. A 
■discussion followed, in which Mr. W, Percy Sladen and Dr. C. 
Stewart took part.— Mr. George Murray exhibited some 
specimens of Spongocladia^ with explanatory coloured diagrams, 
and made some interesting remarks on the presenpe of sponge- 
spicules on Algae at present unaccounted for. — Mr, D, Morris, 
of Kew, exhibited, and made remarks upon, the bird -catching 
sedge, Uncinia Mr. John R. Jackson, of Kew, 

exhibited some table mats from Canada made of the highly 
scented grass f/itrochha borealis^ and a sample of the so-cmled 
pine wool prepared from the leaves of the American long- leaved 
or turpentine-yielding pine, Pinus attstralisj with a mat made 
from the wooli an industry which has recently been started on a 
1arg:e scale at Wilmington, North Carolina,— Mr. J. E, Halting 
exhibited a living specimen of Natterer's bat, which had been 
-captured the previous day at Christchurch, Hants, together with 
a water-colour drawing from life of Daubenton’s bat recently 
taken at the same place, —The first jMiper of the evening was by 
the Rev. George Post (communicated by Mr. Thiselton Dyer), 
and OQotamed desorptions of plants from Palettine. In 
Che absence of.tbe author, the salient points in the paper were 


admirably demonstrated by Mr. T G. Baker, F.R.S., who 
exhibited specimens of the plants alluded to. — A paptf was then 
read by the Botanical Secretary, Mr, B. J^ydim Jackaon, on 
behalf of Profi Freom, on the flora of water meadows. An 
interesting discussion followed, and the meeting adjourned. 

May 3. — Dr, John Anderson, F.R.S,, Vice-President, in 
the chair. — The Chairman announced a resolution of the 
Council to found a gold medal, to he called the ** Linaean 
Medal," to be awarded at the forthcoming anniversary 
meeting to a botanist and zoologist, and in future years 
to a Iwtanist and zoologist alternately, commencing with a 
botanist. — Dr. Francis Day exhibited sime specimens of Loch- 
levcn an<l sea trout raised at Ilowietniin to illustrate his obser- 
vation that the markings usually relied up>n to distinguish the 
sj-tccies are not constant, and therefore, taken alone, of no value 
for the purpose of identification. He also exhibited specimens 
of trout from Otago, New Zealand, descendants of some 
which had been introduced there, presenting some curious modi- 
fications of structure. A discussion fidlowed, in which some 
inicrcsting remarks were made by Prof. Howes and Mr. WilUs 
Bund. — On behalf of Mr. Miller Christy, the Botanical 
Secretary (Mr. B. Day don Jackson) exhibited some specimens of 
the Bard field oxlip (Primula chvior^ Jacquin), gathered near 
Dunmow, and occurring only in this part of England (cf. 
Trans. Essex Field Club, iii. p. 148). — Mr. A. D. Michael read 
.1 ])aper on the life-histories of the Acari Glycipha^us douusticus 
and Ge spinipes. After describing in detail observations and 
dissections extending over three years, the author concludes that 
there is a hypopial stage in the life-history of Clycipha^^uSy but 
far less developed th.an in and not an active stage 

in the species observed ; that it does not occur to all individuals 
of a species, and it has not lieen ascertained whether it occurs in 
alt species ; that the stage is not the result of desiccation or un- 
favourable conditions ; and that it occupies the period between 
the penultimate eedysis and that immediately previous, Dr. C, 
Stewart criticized \fr. Michael's researches in favourable terms. 
— A communication was tlien made by Mr. C. B. Clarke on 
root- pressure. He contested the view of A, Sachs (and his 
followers) that root-pressure is sufficient to .su-tain the weight of 
a column of water of the height of lOO (or even 30) feet, and 
to force out drops at particular points of the leaves. He main- 
tained that it w.as a mathematical error to apply the equation 
P — to the case of water in plants, .ind mat in a collection 
of cells and longitudinal tubes of varying '•ize (all very small) 
the only mcchanic.il ideas that could be applied were those of 
capill.iry attraction and motion. In the discussion which 
followed. Prof. Mai-shall Ward thought root-inessure necessary 
10 explain the admitted results of manometer experiments. Mr- 
A. W. Bennett, on tlie other hand, regarded the assumption of a 
high fluid tension in tlie cells of roots to drive moisture to the 
summits as nothing more than an expression of our ignorance 
as to what the water does move. —A paper on the ovicclls of 
sv^me Lichenoporae was read by the Zoological Secretary (Mr. W. 
Percy Sladen in the absence of the author, Mr, A. W. Waters. 

Physical Society, April 28.— Prof. Reinold, F.R.S., 
Pre.sidcnt, in the chair. — 'Phe following communications were 
read On electromotive force by contact, by Mr. C. V. Burton. 
The object of the paper is to discuss the seats of the electro- 
motive forces developed by the contact of conductors. By 
considering the distribution of electricity on the surfaces of 
the conductors, and from the fact that the potentials 
throughout their masses are constant, except about a thin layer 
near the junction, the author deduces that molecular actim 
which gives rise to a eontacl E,MeFe between two conductors is 
confined to the tmmedicUe tteighbourhoo i of the junctiouP If 
E be the contact E. M.F,, and M the quantity of electricity which 
passes across the junction when two metals originally at the 
same potential are placed in contact, it is shown that the work 
done IS KM, half of which is spent in producing heat and half in 
raising the potential energy of the system- Since the omductoi* 
are supposed to bo kept at constant teuiperatare, and the action 
which gives rise to the E.M.F. is confined to the intmediote 
neighbourhood of the junction, the molecular anergy must ,be 
absorbed at the junction. By supposing the surface of contact 
very small, and the capacity of the system Jarge* ft is shown 
that heat and chemical mcHon are the only kinds of eneity wMdl 
fulfil the required ^ndhions of simplyii^ an ktd^nke atnomilt 
of energy. Hence, for aubstanoes chemioaTly Inactivw, trm 
contact EeMeF is equal to their of the FelHerefftot 
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^Xpntsid in cbs^tuU Measure*^; and for substances chetnically 
octiVQi but devoid of Peltier efTectf ** tht is iqucU to the 

ene^'g^ of eomhintUion of one elcctro-chemical equivalent/^ 
SInCtt m^tal-mi^tal contacts can only l>e the scats of PblUer 
It U inferred that the apparent contact E.M.F. 
(mencurrd inductively) must be due cfiiedy to air- metal contacts. 

A list of analogous properties of Peltier and chemical E. M.F/s is 
given in parallel columns. The results of some experiments on 
the wtact E.M.F. of glass and ebonite with mercury are 
tabulated, but they ore very irregular, and the author concludes 
that ll^re is no true anef dcdnlte contact E.M.F. between 
conductors and non-conductors. Profs. Ayrton, Schuster, 
Thompson, and Perry discussed the points raised, and it was 
considered that direct experiment on contact E.M.F. in a very 
perfect vacuum could alone decide the (|uestion<i.- On a theory 
concerning the stidclen loss of m^netic properties of iron and 
nickel, by Mr. H. Tomlinson. Experiments by himself ami 
other observers have shown that ine temperatures at which 
iron and nickel lose their magnetic properties depend on the 
sj^ecimens used, and the magnetizing forces employed ; but the ] 
tctnj>erature at which they oegin to lost these properties arc 
defimie — for nickel about 300® (J., and iron about 680® C. The 
author’s own experiments on Recnlescence of iron ” show two 
critical temperatures j anrl Pinchon has shown by calorimetric ! 
measurements that between 660® and 720® C., and between 1000® 
and 1050^ C. , heat becomes latent. All these facts seem to indicate 
a molecular rearrangement about these temperatures. In his 
liroi>osed theory, he assumes that the molecuks of iron (say) 
contain magnetic atoms capable of motions of translation and of 
rotation. These tend to form closed magnetic circuits, but at 
ordinary temperatures arc unalde to do so on account of the 
close proximity of their centrCvS. On raising the tem|>ciaturc, 
their centre.s are further separated till at about 680“ C. their polar 
extremities rush logclhcr, forming complete circuits and exhibiting 
no external magnetic properties. On cooling down, the centres 
approach until the gravitation attraction overcomes the magnetic 
attraction of their poles, when the magnetic properties reappear. 
Prof. Ayrton asked whether the author had made experiments 
on the reappearance of magnetic properties when raised to a 
white heat, and Prof. Thompson inquired whether cobalt had 
been tested. Both questions were answered negatively. — Note 
on the graphic treatment of the Lament* Frolich formula for 
induced magnetism, by Prof, S. P. ThoJipson. The formula 

referred to is N = N ^ ^ ; where N - total induction when 
saturated, N =; induction due to S/ ampere turns, and h “ 
value of S* which makes N - ^ N, Sirnple geoinetrical con, 
structions are given for plotting the curve when N and b arc 
known, and for finding N and b when two pairs of values of N 
and Si have been determined. The use of the formula is shown 
to be justified in practice, for, as pointed out to the author by 
Prof. Perry, the curves connecting permeability, ju, and induction, 
B, are straight lines from B = 7000 to B = 16,000, between 
which dynamos arc usually worked. A method of predetermining 
N and b is given for magnetic circuits of known form and 
materials, thus removing the objection often urged against the 
above formula^ viz. that it involves two constants which had to 
be determined after the magnet was made. 

Mftlhematioal Society, May 10. — SirJ. Cockle, F.R.S., 
President* in the chair. — Mr. E. B. Elliott communicated a 
fourth paper on cyclicants or ternary reciprocants and allied 
functions. — Mr. Cook Wilson gave a sketch of some theorems on 
parallel straight lines, togclher with some attempts to prove 
Euclid’* twelfth axiom. Messrs. Elliott, Buchbeim, and Prof. 
Henricl, F.R.S., took part in a lengthened discussion of the 
paper.*^The following Were taken as read J*-On the flexure and 
the Vibrations of a curved bar, by Prof. H. Lamb, F.R. S.— On the 
Allures formed by the intercepts of a system of straight lines in a 
pikne and on analogous relations in space of three dimensions, by 
S. Roberts, F.R.S. —On Lamp’s diffbrenthtl equation; ana 
gtabvUly of orbits, by Prof, Greenhill. 


St^txiolo^^jal Society, May 2 .— Dr. D. Sharp, President, 
in tkfis chair*— Dr. P. B. Mason exhibited an hermaphrodite specL 
mcoaf SoJutnia earpini^ from Lln^ffl, and another specimen of 
ihj ipectes wito dye w^s, bred at Tenby.— Herr Jawby 
exhl^ted fetdale Speclmeht of collected by Mr. 

1. It; Leei^ in Ji^an, and caRed attention to a sexual structure id 
cf Sb lUideiiefiu^ sCgimt.-^Mr. Adkk a 

vhwiiyof Hill.— Mr. W. F. 


Kirby exhibited, for Dr. Livett, a curious discoloured female- 
specimen of OrnithopUm mims, Cramer.— Mr. H. Goss ex- 
hmited, for Mr. W. Denison- Roebuck, a number of spccimena 
of an exotic species of bee obtained by the Rev. W. Fowler, of 
Liversedge, from split logwood. The cells or pouches were very 
irregular and rou^, and altogether unlike those of any known 
British species.— Dr. J. W. Ellis read a paper entitled '‘Re- 
marks on the British Specimens of Afhodivs ntclanostictns, 
Schmidt,” and he exhibited a number of .specimens and drawings 
of this species and of, AfhoHius inquinatus^ F. A discussion 
ensued, in which Dr. P. B. Mason, Dr. Sharp, Mr. Champion, and 
Dr, Ellis took part.— Mr. E. Mcyrick communrcnlcd a pft|>er on- 
the PyralidioA the Hawaiian Islands, the material for which 
paper consisted principally of the collcclion of Lepidopteia 
Hetcrocer.1 formed by the Rev. T. Blatkburn during six years' 
residence in the Hawaiian Islands. Mr. Meyrick pointed out 
that the exceptional position of these islands renders an accurate 
knowledge of their fauna a subject of gicat intcre^-t. He stated 
that, of the fifty- six known species of Hawaiian Pyralidina, nine 
had probably been introduced through the agency of man in 
recent limes ; but he bclie^’ed the remaining forty-seven to be 
wholly endemic : of these latter the author referred twenty-six 
species to the Botydida^ twelve to the ScofaHadtr^ four to the 
herof>hondt€, three to the C^ambidi^^ and two to the /V/yriViV/rf-. 
Dr. Sharp, Mr. McLachlan, Dr, Mason, and Mr, E. B. Poulton 
took part in the discussion which ensued. 

Paris. 

Academy of Sciences, May 14.— M. Janssen, President, i» 
the chair. — On diamagnetism, by M. Moscart, In connection 
with M. Blondlot’si recent communication describing an experi- 
ment on the apparent diamagnetism of a solution of the per- 
chloride of iron in a more concentrated solution of the same 
substance, it is pointed out that in 1845 Faraday showed that 
the action of the magnetic forces on a body depends on the 
uiedium in which it is plunged, ns it results from the difference 
of their coefficients of magnetic induction. If ihe intensity of 
magnetization remains proportional to the magnetizing force, 
which is the case with all diamagnetic and slightly magnetic 
Irodies, the theory then shows that the magnetizm on the surface 
of the body in question changes il.s sign when the outer medium 
has a high coeflicient. — Remarks accompanying the presentation 
of a map of Massaya in Abys.sinia, by M. d’Abbadie. Attention 
was ilrawn to some cartographic improvements introduced into 
this map by the author with the view of rendering the nomencla- 
ture more distinct, and more in accordance with the local pro- 
nunciation of geographical names. In alj cases such foreign 
descriptive terms as Has, Jebely &c., give place to their equiva- 
lents Cape^ .A founts &c. ^Fluorescence of cupriferous lime, by M. 
Lecoq cfe Itoisbaudian After calcination in the air, carbonate 
of lime containing a little oxide of copper yields a substances 
which gives in vacuum an extremely bright green fluorescence. 
No spectral rays have been observed. When calcination takes 
place in hydrogen, instead of the green fluorescence, a more or 
less pink or reddish light is obtained, at times somewhat intense, 
but always greatly inferior to the green fluorescence. — Observa- 
tion.s of the new planet 277, discovered on May 3, at the 
Observatory of Nice, hy M. Charlois. The observations extend 
over the period from May 3 to May 9, when the planet appeared 
to be of the thirteenth magnitude.— Observations of the sama 
planet are recorded for the period May 5-12, taJeen by M. 
Tripled, at the Observatory of Algiers. — Observations of the 
channels in Mars, by M. I’errotin. Some important modifica- 
tions ore described, that have taken place in these appearances 
since they were first observed by the author in 1886. The 
triangular continent, somewhat lai^er'than France (the Lybia of 
Schiaparelli’s map), w’hich at that time stretched along both 
sides of the equator, and which waa bounded south and wt»l 
by a sea, north and east channels, has disappeared. The 
place where it stood, as indicated by the reddish- white tint of 
land, now shows the black, or rather deep blue colour of the 
seas of Mare. The Lake Moerts, situated on one of the 
channels, has also vnnbhed, and a new channel, about ao® long 
and I® or i'‘'S broad, is now visible* tunning parallel with the 
equator to the north of the vanished continent This channel 
forms a direct conthmation of a pieviowdy existing double 
diannel, whidi it now connects with the sea. Another change 
is the unexpected apptfntMme about the north pole of another 
passage, which seetAs to eonnotft two neighbouring seas through 
the | 3 orae Ice.— Acdoit of hydfOdihutit odd on the solubility of 
itanwott* chloride ; hydroenlortte of otoimoits chloride, by M. 
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Engel. It is generally assumed th'at the solubility of stannous 
chloride in water increases in the pre*ience of hydrochloric acid. 
But the experimexits here described show that this is the 
case cM)Jy wnen the quantity of acid added to the saturated 
solution of the chloride attains a certain value. The hydro- 
chlorate of st^nous chloride, here also described, has for 
formula, SnCI* f llCIa + 3 H, 0 . It crystallizes and melts at 
about - 27®.— On the existence of a pyrophosphorous acid, by 
M. L. Amat. The existence here demonstrated of this body is 
a brilliant verification of the theory of AVurtz r^arding the con- 
stitution of the phosphorous and hvpophcfephorous acids. — Essay 
on the equivalents of the simple bodies, by M. Delauncy, 
Taking as unity the equivalent of hydrogen, the equivalents 
of the simple bodies may be obtained by th^ expression, 

5 ? ^5'-* ~ where N and « are integers, the values of « 

being obviously restricted to 0, i, 2, 3, or 4. According to these 
several values of n the elementary bodies are dispo8e<{ in so 
many famHj groups, from which chlorine alone is excluded, 
while its neighoour, bromine, appears to belong to as many as 
three of the groups. This classification seems natural, the first 
family supplying the true metals — copper, gold, lead— below 
which, in the descending scale, the fifth family corresponds to the 
alkaline metals and metalloids. From all this is deduced a 
carious molecular theory based on the assumption of a primitive 
molecule formed of six atoms. Around one of these the other 
five describe circles with radii i, 2, 3, 4, 5, all moving in the 
same plane, and the central atom revolving round its own axis 
perpendicular to the plane. The atoms at the distances I, 2, 3, 4 
revolve in the same direction as the central, the outer in the 
contrary direction, the molecule thus constituting a sort of 
astronomic system, infinitely small, but analogous to the stellar 
groui^s. All these considerations go to confirm in principle, if 
not in fact, the views of those chemists who hold that all the 
simple bodies are ultimately reducible to one—that i.s, hydrogen. 
—Researches on the synthesis of the albuminoid and proteic 
substances, by M. P. Schutzenberger. Having completed his 
analytical studies of albumen, fibrine, ca'^cine, gelatine, and 
other proteic substances, the author has now begun the study of 
their synthesis. In this paper the first results arc given, showing 
that the leuceine obtained by the synthetic process is identical 
with that yielded by decomposition. 

Bermn. 


Physiological Society, April 27.— Prof, du Bois-Reymond, 
President, in the chair. — Dr. Bloschko spoke on the develop- 
ment of homy tissue. Between the rele Malpighii and the 
corneous layer (stratum corneum) of the epidermis two layers 
arc found— the stratum grauiilosum and the stratum lucidum — in 
which the cells of the rete, producetl karyokinetically, mu>.t 
undergo their conversion into the epidermal cells of the stratum 
corneum. The speaker confined himself first to a consider- 
ation of the granules of the stratum granulosum, about which 
most widely different views have been advanc^ by various 
writers. Th^ have been regarded as consisting of lat, chole- 
sterin, amyloid substance, proteid, keratin, and hyalin ; and 
further as fluid, semi-fiuid, or solid. Dr. Blaschko has satisfied 
hims^^lf that the granules are not fluid, but that they contain 
more water than the cells of the epidermis;. He has further 
proved by employing all the chemical reactions which are charac- 
teristic of such different substances as fat, cholesterin, proteid, 
&c., that the granules cannot be regarded as composed of any 
of the above. The curious colour they assume when stained 
with hsematoxylin, and their behaviour with chemreal reagents, 
shows that their proper place is one intermediate between 
albumen ard keratin ; the speaker hence proptwed to give the 
oanie of prokeratin to the material of which the granules are 
composed. -^Dr. Klaalsch had made a series of preparations 
from the skin of monke)[s, by u hich he shows that it is possible, 
by using various colouring- matters, to give different colours to 
the stratum lucidum and stratum corneum in one and the same 
specimen, thus making it easy to distinguish these layers each 
from the other and from the stratum granulosum. He shows 
further that in the skin of monkeys, as in that of man, alter- 
nating elevations and depressions are met with ; the former, or 
gkod-billcKks, cover the glands of the skin, while the latter, or 
folda, are joined by tense bundles of connectlVedissue passing 
throimh the rete, and thus forming an attachment for the ^kin. 
Finally, and in the third place, the preparations showed that the 
nuclei of the celte in .tlMf rete are still here and there reoognhcable , 
in the stratum oomeum as spaces which are proUbly formed by i 


a disappearance of the nuclear substance, the nuclear membrane 
being MrsUtent.— Dr. R. Schneider has carried on a series of 
researenes, extending over nearly every class of anipaals, on the 
absorption of iron and on its occurrence as oxide in the organs 
and tissues of the animals. Up to the present time all the 
animals examined, whether living in water, mud, or under- 
ground, have contained oxide oT iron ; which detected, 
u^ing all due precautions, by emplm^ing ferrocyanide of potas- 
sium and dilute hydrochloric acid. The K)>eaker gave an account 
of the behaviour of single animals taken from the Protozoa, 
Ccelenterates, Worms, Arthropods, Gasteropods, Fishes, and 
Amphibia. Among Vertebrates, oxide of iron was found in the 
cells of the alimentary canal, in the liver and Spleen, occasion- 
ally in the kidneys and teeth, and in Proteus it occurr^ throt^h- 
Out the whole skeleton. Among the Invertebrates oxide of iron 
was found to occur in the cells of the liver and intestine, 
in the respiratory organs, the shells and chitinous envelopes. 
The oxide occurred chiefly in tlie protoplasm of the cells, but 
also frequently in the nuclei. It is impossible here to enliuge 
further upon the interesting details of which Dr. Schneider 
supplied an extended scries. 
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THURSDAY, MAY 31, i888. 


AL-BlRt>Nf. 

India : an Account of the Religioix^ Philosophy ^ 
Literature^ Chronology^ Astronomy^ Customs, Law, and 
Astrology of India about a.d. 1030. Edited in the 
Arabian original by Dr. Edward Sachau. (London: 
Triibner and Co., 1 887.) 

I T lias often been said that India has no history and 
no historians. We look in vain through the ancient 
Sanskrit literature for any Herodotus or Thucydides. 
The very idea of chronicling the events of the day or 
gathering the recollections of the past seems never to have 
entered the Hindu mind, and their ancient chronology 
is hardly more than astronomical mythology. The histo- 
rical growth of Indian literature, religion, and philosophy 
would indeed have remained a perfect riddle but for the 
few glimpses which we are able to catch of the real 
history of the country through other nations which were 
brought in contact with it. These are the Greeks, the 
Chinese, and the Arabs, whose successive accounts run 
like three broad bands of longitude across the ill-dchned ! 
map of ancient India. 

The Greeks do not tell us very much of what they saw 
of India, either before or after Alexander’s invasion. We 
miy indeed gather from Hecataeus (r.c. 549 486) that 
India existed, and that its chief river, the Indus, had a 
name of Sanskrit origin. We know, therefore, that 
Sanskrit was the spoken language of India in the sixth 
century n.C. But even that name had clearly passed 
through Persian channels before it reached Hecaticus, for 
it is only in Persian that the initial s of Sind/us, the river, 
could have been changed into h, and afterwards been 
dropped. Herodotus also mentions some Indian names — 
such as the Gandarii, the Gandhdras of the Veda — which 
clearly show that at his time the peoples and rivers and 
mountains of India had names which find their explanation 
in Sanskrit only. With Alexander’s expedition wc might 
have hoped that the full light of history would have burst 
upon India. But most of the works written by Alexander’s 
companions have been lost, and even the work of 
Megas^nes, who stayed as ambassador at Palimbothra, 
the modern Patna, at the court of King Sandracottus, has 
been preserved to us in fragments only. Still the date of 
Sand:^ottuS| in Sanskrit Chandragupta, has proved the 
sheet-<anchor of ancient Indian chronology, and has once 
for all fixed the date of Chandragupta and of his grandson, 
the great Buddhist monarch Asoka, in the fourth and 
third centuries B C. 

The next witnesses to the actual state of political, 

social, and religious lifb in India are the Chinese. 

Buddhism had been adopted as a third State religion 
in China ra the first century a.ix From that time the 
relight intertoursb between China and India was never 
entir^y interrupted. Buddhist priests travelled from 
India to Chhm, and pious pilgrims went from China to 
Indlh aa the holy land bf ^eir rdigion. Some of these 
have laft very idtl of what they saw 

and: in India# the mon^ important being those by 

iSaijrhH Hiouen-thaang I-tsing 

^*nle# who visHpd India in 964, at the 

ycfc.xxicvm.--Na 9:^ 


head of 300 pilgrims. Most of these travels and diaries 
have been translated into French and English by 
Remusat, Stanislas Julien, Beal, and Legge ; and they 
give us a picture of Indian life during the Middle Ages 
of which we should have had no idea if we had been 
restricted to Indian sources alone. 

More important, however, than the descriptions of 
these Greek and Chinese authors, is the work to which 
we wish to call attention — namely, the account of India 
written by AI-BIrOni in the year 1030 a.d., and now 
published •for the first time by Prof. Sachau, of 
Berlin. Al-Birdni was a native of Khwdnzm, the modern 
Khiva, bom in 973. He had devoted himself to the 
study of astronomy and philosophy, and when Khiva was 
taken by Sultln Mahmfid of Ghazna in 1017, AI-Birfint 
was induced to accompany him to India. The famous 
Avicenna, i.e, Abu Ali Ibn Sina, declined the same 
honour, and remained at home. During the thirteen 
years that Al-BlrCkni spent in India, he devoted him- 
self sedulously to the study of Sanskrit, and Sanskrit 
literature. He does not use the name of Sanskrit, but 
calls the language of India, both literary and vernacular, 
Hindi, Indian ; the fact being that Sanskrit was not 
yet used as a proper name of the ancient literary idiom, 
but only as an epitheton ornans. What progress Al-Btrhni 
made in his studies seems somewhat doubtful. It was 
formerly supposed that he translated not only from Sanskrit 
into Arabic and Persian, but likewise from Arabic and 
Persian into Sanskrit. But Dr. Sachau has clearly proved 
that his knowledge of Sanskrit was far too elementary to 
enalde him to perform such tasks by himself. He shows 
that he depended chiefly on the assistance of* his pandits, 
like many Sanskrit scholars of more recent times, and 
that ail we can assert with safety is that he was able to 
direct and to check their labours. With all that, Al-Blrfini 
was a most exceptional man for his time, a man of wide 
sympathies, a true philosopher, and acute observer. The 
very idea of learning a foreigpi language, except perhaps 
l^ersian and Turkish, never entered the head of a 
Muhammedan. His weapon was the sword, not the 
pen. Al-Bfrfint, however, to quote Pro£ Sachau's 
words, “ convinced that those who want to meet the 
Hindus on the battle-ground of intellectual warfare, and 
to deal with them in the spirit of Justice and equity, must 
first learn all that is peculiar to them in manners and 
customs as well as in their general modes of thought, pro- 
duced a comprehensive description of Indian civilization, 
always struggling to grasp its very essence, and depicting 
it with due lights and shades, as. an impartial spectator.” 
The title of the book tells its own story : “ An accurate 
description of all the categories of Indian thought, as welt 
those which are admissible, as those %vhich must be 
rejected^ 

’ The existence of this work of Al-Birfinl’s has been 
known for many years, and Sanskrit scholars have long 
clamoured for its publication and translation. Their 
appetite was first whetted by the specimens which 
Reinaud published in 1845 in his ** Fragments Arabes et 
Persans relatifs h Tlnde,’' and some years later in his 
invaluable M 4 moire surlTnde” (1849). When Reinaud 
declined to undetiake the editing of the whole text of 
AI-BtrfinPs ** lndica>^ Woepeke and MacGuckih de Slane 
, undertook diiR^ult task. The former, however, died { 
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the latter began to feel the approach of old age^ and the pro- 
spect of a speedy termination of this important undertaking 
become more and more doubtful, when, in the year 1S72, a 
yofung German scholar, Dn Sachau, boldly stepped into the 
breach, and promised to devote all his time to this great 
enterprise. Aft A fifteen years of hard work he has redeemed 
his pledge. He has given us the Arabic text of Al-Birflni, 
and he is now engaged in printing an English translation' 
of it. We doubt whether anyone could have been found 
so well qualified for the task. Dr. Sachau has long been 
known as a hard-working, honest, and thoroughly sound 
scholar. He stands in the first rank among the students of 
Arabic and Persian, and he possesses, at the same time, a 
fair knowledge of Sanskrit. He is now one of the brightest 
stars in the Univerity of Berlin, and has lately been ap- 
pointed there as Director of the newly-founded Imperial 
School of Oriental Languages. He was well prepared for 
his task by having previously published another work of 
Al-Blruni’s, the text and English translation of “ The 
Chronology of Ancient Oriental Nations.” Few people 
can appreciate the enormous difficulties of publishing for 
the first time an Oriental text like that of Al-BirQnt. Dr. 
Sachau was, no doubt, more fortunate than his predeces- 
sors in securing a manuscript of AI-Birtini’s, belonging 
to M. Schefer, which professes to have been copied from 
a copy in the handwriting of the author. But even thus 
the labour of editing and translating such a text, which 
had never been edited and translated before, was enor- 
mous. When speaking of the difficulties which he had ' 
to overcome in editing Al-Birfini’s chronological work, 
Dr. Sachau writes ; I have boldly attacked the some- 
times rather enigmatic style of the author, and if I have 
missed the mark, if the bewildering variety and multi- 
plicity of the subject-matter have prevented my reaching 
the very bottom of every question, I must do what more 
or less every Oriental author does at the end of his work 
—humbly ask the gentle reader to pardon my error and 
correct it." There is the true ring of the bond fide scholar 
in this. No one is nowadays considered a real Oriental 
scholar who has not won his spurs by an ediiio princeps. 
After a text has once been constituted by a comparison of 
manuscripts more or less faulty ; after a translation has 
once been accomplished, however imperfect, it is easy 
enough to print a new so-called critical edition, or a new 
so-called improved translation. But the scholars who take 
the first, and the scholars who take the second, step 
belong to different races. They differ as Columbus who 
discovered America differs from the traveller who now 
crosses the Atlantic in seven days. Generations of 
scholars," as Dr. Sachau says, “ have toiled to carry the 
understanding of Herodotus to that point where it now 
is, and how much is wanting still ! " To expect, there- 
fore, that Al-Birfinf’stext, as edited here for the first time, 
or its translation, should be free from mistakes would 
only show a complete ignorance of the conditions under 
which Oriental scholars have to work. There may be 
hereafter better editions of Al-Blrfinl ; there never can 
be one so creditable to its author as this eMtio princeps. 
We could have wished that a work of such importance 
to students of Indian history had been carried out by an 
English scholar. But, failing that, we have at least the 
safcbfitction that the expense of publishing the Arabic 
origUHd of the **l&dica" has been geftenmsly defrayed 


by the Indian Government, following in this respect the 
noble example set by the patron of Al-BtrQni himself, the 
powerful Sultdn Mahmfid of Ghazna. 


THE SCIENTIFIC WRITINGS OF JOSEPH 
HENRY. 

The Scieniijic Writings ofi Joseph Henry. Two Vols. 
8vo, pp. 1082. (Washington ; Smithsonian Institution, 
I 1886) 

U NDER the above title, two handsome volumes have 
recently been published by the Smithsonian Insti- 
tution, Washington, containing the papers published by 
its late distinguished Secretary in various scientific serials 
through the long period of fifty-four years. It is character- 
istic of the man that, although for thirty-two of those years 
he had almost unrestricted command of the publishing 
resources of that great institution, not one of his papers was 
given to the world through the medium of the “ Smith- 
sonian Contributions ” or ** Miscellaneous Collections," 
or in any way at the expense of its funds. They range 
over a great variety of subjects, chiefiy in electrical 
physics and meteorology, and in date from 1824 to 1878. 

As may be inferred from the earlier of these dates, 
when Faraday was still an assistant to Sir Humphry 
Davy, in the laboratory of the Royal Institution, and 
Henry a private tutor in a family at Albany, New York, 
many of these papers are reprinted for their historical 
interest rather than for their present scientific value j but 
his fellow-countrymen, in acknowledging Faraday^s pre- 
eminence, delight to point out in how many particulars 
Henry w'alked pari passu with him in the then nearly 
untrodden paths of electro-magnetism, under immense 
relative disadvantages. As early as 1835, Henry, then a 
Professor at Princeton, New Jersey, connected his resid- 
ence with his laboratory' in the Philosophic Hall by a 
telegraph, in which the galvanic circuit was completed 
through the earth — probably the first realization of that 
familiar property on which all our telegraph circuits are 
now dependent. It was a little later (in 1842) that he 
showed the writer of this short notice, under promise of 
secrecy, an experiment which at the moment greatly in- 
terested him. A long bar of iron was wrapped in a coil 
or ribbon of copper, half an inch wide ; two copper wires, 
each terminating in a small ball, were soldered to the 
bar. On holding these balls to the ears, and transmitting 
a strong current through the coil, a very distinct musical 
note was heard each time the current was made or broken. 
He narrowly missed forestalling Faraday in the great 
discovery of producing electric currents by the rotation 
of an electro-magnet or movement of its armature. 
Henry caused an electro-magnet of unusual power to be 
constructed in August 1831, with a view to realizing his 
conceptions on this subject. He was at the lime accident- 
ally interrupted in pursuing his experiments, and did not 
resume them until May or June J832; and in the mean* 
time (in February 1832) Faraday had made his tade* 
pendent discovery.^ Ascarly as 1843, Henry proposed 
new method of applying the instantaneous transtnlaaioh 
of an electrical action to determine the time Of the 
passage of a (cannon) ball between two screens, |)lated 
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aA a distance from another in the path of the 
pnjtciiW* and contrived a self-recording apparatus 
reading to the one-thousandth part of a second. As at 
that time Hutton and the ballistic pendulum reigned 
fti^reme — and this is not an e^cperiment easily made in a 
laboraitory— it does not appear that he carried it out 
Perhaps the most elaborate of his numerous researches 
is that on the transmission of sound in relation to fog- 
signaRing, carried on at the expense of the United States 
Lighthouse Board for several years from 1865 onwards, 
concurrently with those on which Prof. Tyndall was at 
that time engaged for the Trinity Board. That these 
distinguished men did not always meet with the same 
effects, or draw the same conclusions from them, is but a 
natural consequence from the extreme complexity of the 
phenomena. 

The great work of Prof. Joseph Henryks life — in which 
his strength and calmness of judgment, his high-minded 
independence and self-effacement, enabled him to achieve 
the highest results — was the organization of the Smith- 
sonian Institution upon its present liberal basis, in the 
face of not a little opposition from persons of more 
contracted views. 

** These I's are and not oculiy* is a line from some 
forgotten squib which he was wont to quote when self- 
interest seemed to obscure the only interest precious to 
him — that of science in its widest scope, and the advance- 
ment of human knowledge. He lived to see the wisdom 
of his policy gratefully acknowledged by his countrymen 
and the scientific world. Although a very fertile inventor, 
and the author of many ingenious contrivances now in 
use to facilitate the working of the electric telegraph, 
he never patented anything. In his own words, he “did 
not consider it compatible with the dignity of science to 
confine the benefits which might be derived from it to 
the exclusive use of any individual. The expression is 
not carefully chosen; it simply means that he declined to 
derive selfish advantage from his discoveries. A very 
brief and modest statement by himself of what these were 
in relation to the electro-magnetic telegraph is reprinted 
in vol. ii. from the Smithsonian Annual Report for 1857. 
In collecting and reprinting these papers, the Institution 
has raised a worthy monument to Henry’s memory, and 
made a valuable contribution to the history of physical 
science. J. H. L. 


AN ELEMENTARY TEXTBOOK OF 
PHYSIOLOGY. 

An BUnuntca^y Text-hoak of Physiology. By J. 
MtGntgor Robertson, M.A., M»B., Senior Assistant 
in the Physiological Department, University of Glas- 
gow. 350 pp. (London : Blackie and Son, 1887.) 

I K compiling this volume the author has sought to 
'^present the essential facts and principles of 
^ysiology, not in a series of disconnected paragraphs, 
bat woven mto a continuous story.** This being so, wc 
look fat a readable book rather than for the more 
entp$rital treatise nowadays predominant ; and the 
ihe Bbe^s of the work must consequently depend, in 
t;he main, upon the manner in which the narrative is 
•tmng together. T^at the book really is a readable 
*One Uiere can be no doubt, and for style and general 


accuracy it is very satisfactory. When we consider 
the method of arrangement adopted, however, wo must 
confess that it is disappointing. The author lays it down 
as a tenet that “we cannot properly understand the physio- 
logy of the human body without reference to the form 
and build, . . . and thus we shall have to note the rnnin 
anatomical facts regarding a part of the body before going 
on to consider the ^work which that part does.” Very 
proper, and true to the letter. In spite of this, however, 
the reader is led straight away into a consideration of 
the chemical constitution of the body as a whole. 
Surely it would be more logical to treat of the constitu- 
tion of the several structural elements in order of presen- 
tation, deferring the more general statements for a final 
rIsumL A similarly dangerous position is approached 
when the writer deals with structure itself. Chapter 11 . is 
devoted to “Elementary Structures,” that is to say, the 
author discusses the structural unit before entering upon 
a consideration of those organs and tissues which are its 
aggregates. This is an old grievance, and all experience 
shows that this method, though at first sight apparently 
natural, is in reality seductive, if not illogical. It is 
fair to the author to state that he does not adopt it 
throughout. In view of it, however, the following state- 
ments are the more unfortunate ; “ cells are little masses 
of a jelly-like material ” ; “ usually the cell has an outer 
covering or membrane, called the cell-watV^ \ “ from little 
nucleated masses of protoplasm cells are produced, and 
then from cells all the other textures of the body arc 
derived.” 

As the work is of a readable character, we expect, 
furthermore, to find comparisons and illustrations drawn 
from the experience of daily life, and in this we are not 
disappointed. Stock comparisons, like that of the human 
body with the steam-engine, come in as a matter of 
course, and in his choice of novel ones the author has 
been very successful. Nothing can, however, be more 
easily overdone than this. If, for example, the human 
eye is compared with the photographer’s camera, care 
ought to be taken to point out in what the two difier, 
especially when considering the lens in accommodation. 
This has not been done. 

Taking the book as a whole, the author is to be con- 
gratulated, and especially so upon his treatment of certain 
leading topics— notably that of diet. By far the weakest 
parts of the work are those devoted to histology. The 
interminable striped muscle question is most feebly treated, 
and who but the author is to know what is meant by 
the words ‘*the nerve-tubes end, it has been seen, in 
the (muscle) fibres”? The description of a secreting 
gland generally given is so worded as to imply that 
the “ basement membrane ” is a leading, if not the 
chief, constituent thereof. These and other defects re- 
ferred to in the sequel demand immediate attention, and 
we would fain sec the elimination of such old heresies as 
the capillary or “ hair-like vessel ” and the transmission 
of “messages” along the nerve-fibre. There would 
appear to be a fatality in the persistency with which 
teachers of a certain class continue to thrust these and 
similar stumbling-blocks in the way. 

This volume Oojifessedly designed for the “ require- 
ments of candidates for the examinations of the Science 
and Art Department and of the Local Examination 
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Boards of the Universities/' and the syllabus of the first* 
named body is appended to it. The book thus finds 
a place among the legion of cram-books which now 
threaten to overwhelm us. The majority of these are, 
as everybody knows, notoriously bad, and readers of 
Nature will not need to be reminded that strong 
measures are being proposed for the purpose of checking 
the evil consequent upon their jnultiplication, and 
that of elementary text^books in general. Conspicu- 
ous among these is the recent proposal to establish 
a Publication Committee, whose members shall sit in 
judgment on all text-books, with power to suppress or 
modify at will. With this suggestion we have no 
sympathy ; it is unscientific in principle, while its adop- 
tion would tend towards the establishment of a con- 
servatism and narrow cliquism greatly to be dreaded. 
The introduction of such a measure would, in our opinion, 
only serve to strengthen that spirit of popery which 
threatens to invade certain branches of science in our 
own lands. The evil will assuredly work its own end, 
and, so far as professed cram-books are concerned, the 
publication of works of such relatively general excellence 
as the one before us cannot fail to be a far more potent 
remedy — a more natural one it most certainly is. 

Chief among the defects referred to above, as standing 
in' need of revision, are the following. Too little import- 
ance is throughout attached to the sources and evolution 
of heat in the animal economy ; the parts played by the 
muscles and liver need especial comment, and we note 
that in the table of gains and losses given no count is 
taken thereof. The functional importance of the dia- 
phragm in the mechanism of respiration is over-stated ; 
on the other hand, that of the withdrawal of water by the 
kidney is under-stated as a fundamental of excretion. 
The distribution and function of glycogen are insufficiently 
noted. The references to non-nucleated cells (p, 26), and 
to the comparative anatomy of the central nervous system, 
might well be excised ; while the long rhumk (pp. 255-58) 
of brain functions given mightbe advantageously replaced 
by a more concise description of the actual facts deter- 
minable in a typical case. The relegation (p. 48) of the 
sutures of the cranial bones to the category of “ imperfect 
joints'' is groundless. 

Numerous illustrations are employed, and of these 
many are new and highly satisfactory. Figs. 42, 45, 80, 
and 1 18, are, however, little short of useless. It is a fact, 
and not a “ view;' that the life of the body is the sum of 
the lives of the individual cells composing it," and it cannot 
be said that with the study of the anatomy of the lungs 
we begin our *^view'* of the means of purification of the 
blood. 


OUR BOOK SHELF. 


Evolution and its Relation to Relij^ous Thought. By 
Joseph Le Conte, Professor of Geology and Natural 
History in the University of California. (New York ; 
D. Appleton ; London : Chapman and Hall, 18B8,) 


The title of this book is somewhat misleading. The work 
is in efibet a concise account of evolution and its princizMd 
evidences^ contained in 353 pages, supplemented Ba 
pages givinfr the authors views on the relation of evoSntion 
to matttiaitsm, which he rejects, and to several selifinus 


questions, of which we can only say in these coKmios 
tnat they are dealt with in a candid spirit, on the basis 
ihat the law of evolution is thoroughly established, and is ^ 
indeed “ a necessary condition of rational thought/' The 
exposition of evolution is well -planned, the main problems 
and their significance and the modes of proof being dearly 
and simply set out. so that the general reader with a 
modicum of knowledge of natural history may realize them 
to a considerable extent These chapters are illustrated 
by a number of well-selected comparative figures, such as 
the fore and hind limb of typical vertebrates, the 
evolution of the horse family, and the vascular sptem and 
brain of vertebrates. Prof. Le Conte cordially accepts 
Mr. Romanes's “physiological selection" as the most 
important advance in the theory of evolution since 
Darwin ; and it is significant that this new view should 
have already found a place in a popular work written by a 
man of science. It is, however, a little hazardous to 
apply with so much confidence a theory still requiring 
proof ; and this appears to lead the author to put forward 
a still less proven idea, not new it is true, that the steps of 
evolution at certain times become comparatively rapid, so 
that there may be few generations, or perhaps only 
one, between successive species. Some of the author's 
statements are undesirably broad, as when he says, “ All 
vertebrates, and none other, have a number of their 
anterior vertebral joints enlarged and consolidated into a 
box to form the skull, in order to inclose and protect a 
similar enlargement of the nervous centre, viz. the brain." 
Of course the author is excluding Amphioxus, but he docs 
not say so. Similarly the statement that “ by extensive 
comparison in the taxonomic and ontogenic series the 
whole vertebrate structure in all its details in different 
animals may be shown to be modifications one of another ” 
is a little vague. Hut on the whole the book is sufficiently 
accurate, and should prove useful. 


Outlines of Qualitative A naif sis. By George W. Slatter, 

Science Master at the Salt Schools, Sbipley. (London ; 

Thomas Murby, 1888.) 

This further addition to the already large number of 
books on elementary analysis is compiled from the 
author’s laboratory notes issued to his students in the 
Salt Schools. Most teachers appear to have a few par- 
ticular methods of their own, and the custom of writing 
a book to embody them seems to be fast gaining ground! 
With the matter of Mr. Slatter’s book one can find very 
little fault ; but at the same time, except for the use of his 
own students, one can scarcely see any reason why another 
book should be presented to the public, when all the facts, 
in a much more complete form, are already given in most 
of the larger laboratory guides now in vogue. 

'I he majority of the methods recommended are cer- 
tainly well-tried and convenient ones ; and a very good 
point is the trouble taken in explaining the theory of the 
analysis tables. Exception, however, maybe taken to 
Mr. Slatter's mode of separating antimony and tin by use 
of Marsh's apparatus : while theoretically MdA, experi- 
ence shows that accidents are liable to ha«ML and 
is especially the case among young studen®S^Jce the 
platinum and zinc electrolytic is 

preferred. The author seems also tahave a {iMilidiion 
for the use of nitro-hydrochloric acid in ^e 

sulphides of nickel and cobalt in Group IiL| whUe^i^ 
can be no doubt that potassium chlorate and hydrt^h^ 
acid work far better, there being no danger of iakeiAa 
nitrates in the solution. * , ^ * 

The method of analyzing phosphates U one Wo 
very wH, and is nnbbably the best known. I 

analysis of double cyanides by ignU% With 
nitrate and sulphate is the one 38 h in 
if botk £e limptost aod 
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Tk^ Jjmd of thi Pink Pearl. By L. D. Powles. (London : 
Sampsoti Low, 1888.) 

Mil Powles served for some time as a circuit justice in 
(he Bahama Islands, and in the present volume he com- 
ntunicates the impressions produced upon him both by 
the islands themselves and by their inhabitants. He 
makes no profession of an intimate knowledge of any 
branch of science, so that the work contains few elements 
of interest that call here for special notice. We may 
say, however, that the book is written in a lively and 
agreeable stvle, and that the author has brought together 
much useful general information about what he calls 
** this obscure comer of Her Majesty*s dominions.” The 
most valuable passages are those in which he deals with 
the relations between the white and the coloured popula- 
tion. His statements on this subject are certainly not 
lacking in vigour, for he speaks of the African race in 
the Bahamas as being ground down and oppressed in a 
manner which is a disgrace to British rule.” When Mr. 
Powles went to the Bahamas, he had an impression that 
negroes were ‘Mntended by Nature to be kept in subjec- 
tion by the whites.” Experience, however, led him to 
modify this extravagant notion. Refening to the state- 
ment, so often made, that “it is impossible to produce 
anything by free negro labour,” he sensibly suggests that 
“perhaps if the Imperial Government would establish an 
a^icultural college and give the coloured race in the 
Bahamas a fair chance, wc might see a different state of 
things,” The physical deterioration of the coloured 
people is, he thinks, sufficiently accounted for by their 
wretched food and by the unhealthy nature of the places 
in which they are compelled to live. Curiously enough, 
Africans in the Bahamas retain their original tribal 
distinctions ; and Mr. Powles says that every August 
some tribes elect a queen whose will on certain matters 
is accepted as law. 

A Treatise on Alcohol^ with Tables of Spirit- Gravities, 
By Thomas Stevenson, M.D. Second Edition. (Lon- 
don ; Gurney and Jackson, 1888.) 

The present edition of this useful little work, originally 
published under the title of “ Spirit- Gravities,” contains 
a critical account of the various determinations of the 
specific gravity of alcohol, and introduces the most recent 
investigations — those of Messrs. Squibb — on this subject. 
These Investigations do not, however, affect the accuracy 
of the akoholometric tables, which are therefore reprinted 
unchanged. 


LETTERS TO THE EDITOR. 

{The Editor does not hold himself respomUle for opinions 
ex^essed ip his correspondents. Neither can he under- 
take to retumt or to correspond with the writers of 
rejeeted manuscripts intendsd for this or any other part 
of Natuke. Ho notice is taken of anonymous communi- 
cations.] 


The Dispersal of Seeds by Birds. 

It should be borne in mind by readers of Nature in variou 
pai^ of the world that many facts bearing on this matter may b 
eoUected with very little trouble. At Mr, Thiselton Dyer’ 
wgg^tion I take this Opnortonity of supplementing my letter t( 
Hemaley (Nature, voI. xxxvHL o. 40). 

TheAigate-bIrdB, petreU, gannets, boobies, w,, that frequen 
in nmbexs the guano islands tff.the Paciftc, will present oppor 
tunkies of invesugating this subject rarely found elsewhere. No 
ooly the cro^, but also the feathers and mt shoidd be examined 
jmee f^s have been sometimes found adhering to sea-birds ths 
haiw been Sitthig m broken eggs. The Industries connecter 
vto ocean- rmtgl^ tnatton-um in Ibasa's Straits, and witl 
Amerlta/ttiay’ aflford other opportunities 
TWfSpHMher ift the Soatbsra Ocean, and the sportsman o: 
; .eom iOMceoorsl the voyager the Cape, and tb 


lighthouse- keeper in southern dimes, these and many others 
ought take a practical interest in this subject. It is important 
that not only should the seeds and fruits be preserved and sent 
to Kew, but that the species of bird should be known ; and for 
this purpose, where there is any doubt, the wing or head of the 
bird might also sent. H. B. Guppy. 

May zy. 


Nose -Blackening as Preventive of Snow-Blindness. 

As a partial answer to Prof. Ray Lankester*! inquiry on 
nose-blackening as preventive of snpw-blindness, may I offer 
some obsenmtions which I have made in my many wanaerings in 
the higher Alps in early summer, when I have necessarily had 
much experience of the effects of snow on the human body ? 

But hrst 1 should like to draw attention to a letter of the Hon. 
Ralph Abercromby in Nature (voI, xxxiii. p. 559), which he was 
kind enong h to send me, relating some experiences on nose and 
face blackening in Morocco to prevent sand glare, in Fiji to 
prevent water glare, and in Sikkim to prevent snow glare. It 
was very curious that the Fijians, who onlinarily painted their 
faces white and red for ornament, would, before going fishing on 
the reefs in the full glare of (he sun, blacken them. Mr. A^r- 
cromby draws attention very naturally to the strange anomaly of 
physiological experience apparently contradicting the teachings of 
pure physics. Charcoal black, which is used in physical experi- 
ments as the best absorbent of every kind of heat radiation, is 
practically used by three races at least, to protect one of the most 
sensitive human or^ns from reflected light and heat.” 

Experience has, 1 think, sufficiently shown that snow-blindness 
and snow -burn, or sunburn on snow, own the same causes for 
their production ; and, as nowadays both guides and climbers in 
the Alps invariably take the precaution of protecting their eyes 
with coloured spectacles, snow- blindness is rarely heard of. 
My observations are almost entirely conflned to the causes of 
sunburn. 

It will, I think, he readily conceded by Alpine climbers that 
sun on the snow burns more quickly than on rocks or in the heated 
valleys at a lower elevation. This increased power of bomiog 
appears somewhat singular when one reflects that the heat rays 
must be occupied in the melting of the snow, and thus rendered 
latent. 

Iron-workers, glass-workers, and others are constantly exposed 
to a heat of 400'' or 500* F., and yet do not become burnt ; and 
there can be little doubt that the enormous radiation from heated 
rocks and valleys, in addition to the direct rays of the sun, make 
up an amount of heat far greater than is ever experienced on even 
a very sunny snow slope, and yet one does not become sunburnt. 
Nodmbt the surface of the snow reflects and disperses much 
heal, but certainly far less than it receives, ns heat rays are ab- 
sorbed and rendered latent by the snow- melting and evaporation. 
Experience fully corroborates this, for one may often lie on one’s 
back and freely expose the face for Ipng periods to the sun and 
yet remain unburnt. There must therefore be some other factor 
in sunburn than heat alone. 

In discussing the subject with Prof, Tyndall, he added the 
very interesting and significant fact that he was never more burnt 
on snow than whilst experimenting with the electric light at the 
North Foreland Lighthouse, where there was no beat sufficient 
I to produce such an effect. 

1 am aware that sometimes, in peculiar conditions oftfie atmo- 
sphere, the direct sun's rays will burn, I have met with some 
singular instances where several persons have been burnt on the 
same day, even in England, who had never previously suffered in 
that way. 1 am further aware that sometimes (not always) in a 
dead calm on a ship's deck one may be severely burnt, and that 
in boating on a river the same may occasionally happen. Masks 
and veils nave been long used as a protection on snow, and are 
more or less successful ; drown veils and glasses in my experience 
being the most efficient. As hearing upon this, I may mention 
that a friend of mine after on ascent on snow had an enormously 

often face, and I observed that in the general swelling there 
were many pits or depressions, and that cadi pit corre^nded to 
a freckle f the irritating rays had been intercepted by tne brown 
colour of the freckle. About the same time, I encountered a 
paragraph in the Lancet, saying that a German samnt had been 
experimenting on the ef^ts ol sunlight on the retina, and'had 
found that it nad destrOTed the visual purple of the retina, but 
that the action was modmedby transmitting the sun’s rays through 
various coloured glasses^ and that when transmitted through 



X02 


NATURE 


[Afay 31, iS$8 


br0wn glass tht parple of the retina was uncbang^. I haye 
never taeen any corroboration of these assertions, but thejr arc 
worthy of farther consideration. Stimulated by these observation*^, 
1 painted my face brown with water-colour, and spent many 
hours on the snow of the Gorner Grat on the same day that 
about eighty out of a hundred people who were staying at the 
Riffel Alp v^ent up to witness the first ascent of the season of 
Monte Rosa. In the evening everyone except myself and my 
daughter, who had carefully protected herself with a brown veil, 
was more or less severely sunburnt, whilst the remaining visitors, 
who had spent the day on the rocks and mountain- skies in the 
fall sun, were untouched. Connected with this is the fact that 
vUitors to the Engadine in winter become extremely brown, as 
though coloured by walnut -juice, whilst in summer, unless they 
go on the snow, this is not so, although of course the heat is 
greater. 1 have been there in winter and summer, and have had 
many opportunities of confirming this observation. Then again 
tljc very Wown colour of the chdUts is only to be seen at high 
altitudes where snow is, and even those parts of tfac cMUts 
which by their position cannot receive rays reflected from snow 
do not become brown. And over the doors of these brown 
chdlHs in which the cows are kept the wood is invariably white 
and colourless just at that part which would always have, steam- 
ing up. Che warm moist breath of the cows, and by this moisture 
the reflected rays would be intercepted. I think that all the-'C 
observations bear upon and are related to the question raised by 
Prof. Ray Lankester. 

1 have made many other experiments and observations, but 
fur brevity's sake I omit them, as I think 1 have said enough 
to show that the subject is a large one, and worthy of con- 
sideration. In Q comment on Mr. Abercromby's letter above- 
mentioned, Petrie says, ** We should not look at the surface skin, 
ahich is constructed to bear local variations of temperature, &c., 
but at the delicate tissues l>eneath. White skin/’ be adds, is 
translucent, but black stops out solar energy.” It is possible 
that sunlight reflected from snow may have an influence in pro- 
ducing the improved health of consumptives who remain in the 
Engadine in winter, and Mr. Abcrcromhy reminds me that the 
quality of heat which causes snow -burnt is not that which causes 
sun«stroke. Sun-stroke is very rare (if known at all) on mount- 
ains. Equatorial countries— Ceylon, Borneo, West Indies, &c.— 
arc not the worst for sun -stroke ; but sub-tropical and semi-tropical 
dry countries, such as Scinde, Norlh-Wesl Bengal, United States, 
luly, &c. 

He also says that photography is much slower in equatorial 
than in these latter countries. The cause undoubtedly is the 
absorption of violet and ultra-violet rays by water vapour, which 
u kt excess i>ear the Line. Photography is rapid— except for blue 
sky — at high altitudes. Robert L, Bowles. 

Folkestone, May 2j. 


stretching across the sky” have been due to sunlight reflected 
from the meteoric matter lying outside of the earth^s attnosptere ? 
Such a spurious xodiacal Hght does not dei^nd our actual 
ing into the meteoric stream producing it, but should w 
ol^rvable whenever sarb a stream exists between m and w 
sun, its apparent brekdth varying with its actual breadth and its 
proximity to the earth. 

On p. 85 of the same volume is a diagram of the Blala 



meteor-path showing its relation to the earth’s orbit and to the tttn. 
From this, reprinted above, it is evident that the meteors should dis- 
play a spurious zodiacal light at the time named, and onto that of 
the winter solstice, and later. In vol. xi. of NATURE, p. 115, 
reference is made to a letter from Mr. Hind, dated December 7, 
1874, in which he points out “ that the zodiacal light has been 
conspicuous for the last few evenings ; and for several years past 
this phenomenon has been much more marked in December and 
January than about the vernal equinox.” 

The pages of Nature and those of some of the older volumes 
of the GentUman^s Magazine contain many records of mysterious 
streaks and bands and ** pillars” of light seen after sunset, 
variously ascribed to zodiacal light, to aurora borealis, celestial 
phosphorescence, &c. If 1 am right in assigning the spurious 
zodiacal light of the period above named to the Bicia meteors, 
careful olwervalions of such celestial luminosity in relation to 
other well-known meteor-streams may be very fnii ful. 

The Grange, Neasden. W. Mattieu Williams, 


Mysterious Sky Eights. 

On turning over some back volumes of Nature in search of 
information concerning the spectrum of the zodiacal light, I 
have discovered something which appears to be interesting and 
suggestive, viz. several communications describing what the 
writers supposed to be abnormal displays of the zodiacal Hght, 
displays occurring at the wrong time, i,e» near to the periods of 
the solstices instead of those of the equinoxes, and displays 
having the wrong shape, lacking the conical outline, but never- 
theless nearly in the right place. The most interesting of these 
letters arc from Mr. Maxwell Hall, and dated from Jamaica. 
He was so much exercised by the heterodoxy of the appearances 
he obacFved that he suggested a new theory, and illustrated it by 
a diagram on p. 204 of vol. vii. 

He says in this letter that *'for several nights lately the 
aodiacal U^ht has been exceedingly bright and well-defined, and 
Mwrr parhtmiarfy on the nights of Hovembtr 24 and 27 ; on the 
•refiing of the 24th 1 found an explanation of what had often 
|»ende«od me before, viz. the existence of a faint, isolated band 
nf li|[ht across the zenith, but as soon as it vras dark in the 
ewttJBg, the zodiacal light was distinctly seen to streUh aci-oss’' 
tht whmi sfyt fiormiug that faint ^nd of Hght previously ob- 
served ; I then began to note its position, 6ut the Aest ohjervatioMs 
were made on the night of the 2^th, when it was most distinet** 

The italics in the above are n^c. The dates given, November 
44 and #7r >^7^1 those of the remarkable meteoric shower 
supposed to be cooneeted with the lost comet, Biela. The 
grii^st display was on the aytfa. May not the lomiobsity 


Curious Apparent Motion of the Moon seen in 
Australia. 

Can any of your readers explain the phenomenon described in 
the following extract from a letter received from my daughter 
residing in Maryborough, Queensland, Australia 

** We ?aw such a curious phenomenon on Sunday night, about 

10.30. Miss C ,.Miss M , and 1 were silting in the balcony, 

when we noticed the moon apl^rently dancing up and drum. It 
is on the wane, so looked so extraordinary. The motion was 
visible only when she was behind a narrow stratum of cloud, 
and continued at intervals for thirty minutes. I felt quite sea- 
sick with watching it, and Miss H. was so frightened ; she thought 
there might be an earthquake coming, so went to lied in her 
clothes to Ije ready foi an emergency. Our house would soOQ 
fall in an earthquake, its walls are thin, and no cellars.” 

1 presume the phenomepon is connected with the varying 
frangibility of the atmosphere, perhaps arising from the umvIw 
of hot and cold air ; but should be, glad of further infomnatioau 

T, Mellard K«at>g, 

Park Comer, Blundellsands, May 27. 


Another Specimen of Lepidosiren paradoeea. 

It may interest some gf your readers to know Umt I 
lately r^ved anotbor speciiwen of this rare flrii iiromtny ftlewd 
Dr. J. Barbosa Rodrigue*, the ooeigeiic Ditector the Mu*#u 
Botimicodo Amasonas at Manios. This is the Mth apethm 
ktiowiL A short notiwofthefourdispMimen« aa adidt ieipalaof 
large aiae, caught the Igmpddo AterroiiewMiuriMStetso pfe- 
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MSted to lafi bf Dr. Barbosa Rodri^ez, appeared in Natcthe 
mrore tbin a ^ar ago (vol. xxxv. p. 343). Dr. Rodriguez pub- 
liibed a note on that specimen in the J^rnal do Commn'cio of 
Rio ifte Janeiro for October 15^ t886. I state this as his note 
ndi^t eaailjr be overlooked, not having appeared in a scientiAc 
p^odical. 

The last specimen received was caught at Autaz near the 
Madeira River in September 1887 ; it came, Dr. Rodriguez 
writes, ftom a mud-pool, whence it issued forth wriggling on the 
mud during rain-storms. My friend received it dead and in a 
state of inapient decomposition ; he did all he could to insure 
iU preservatjon, but when it reached me all I could save was 
the skeleton and portions of the skin and tougher muscles. 
These I have put in strong alcohol for future study. This 
specimen is considerably smaller than the one previously 
received, being, as far as I can judge, about om. 400 millim. in 
length. 

At Autaz this fish is called Trayra ooia^ or Turtun boia ; the 
latter name is onomatopoeic for 'I'urunt^ which expres.ses the grunt 
made by the fish, and hoia means snake." On tne Rio Mahu, an 
affluent of the Rio Branco, Dr. Rodriguez tells me that the name 
of this fish in the Makuchy dialect is Arani 6 . 

Hknry II. Gigltom, 

Royal Zoological Museum, Florence, May 22. 


Dreams. 


In the yearn of our Lord i6oi and uppon ye 14 day of May 
beinge ihursday ther was great thundrin^e and lightninge and 
ye fyer descencUnge from heaven kindled in a white-thorne bush 
growinge neere to a mudd-wall in Brook-street westward from 
Thomas Wake his house, It burned and consumed ye bush and 
tooke into ye wall about on ^eard then by milke brought in 
tyme it was quenched and it did noe more' hurt. 

Tohn Cyprian Rust, 

The Vicarage, Soham, Cambridgeshire, May 23. 


The Renewed Irruption of Syrrhajda, 

Mr. SclaVer having requested me to contidbute to The Ibis 
an account of the present visitation of Syrrhapte% similar to that 
which I compiled for that journal in 1S64, I would ask for in- 
formation on the subject to be sent to me, and especially cuttings 
from foreign newspapers, the name of the publication and the 
date being always indicated thereon. I must add that I do trust my 
task will not be the unpleasant one of merely recanting senseless 
slaughter. In 1863 the species bred both in Denmark and m 
Holland. There is no reason why it should not, if unmolested, 
breed this year in many parts of Britain. The visitations of 
1872 and 1876 were of insignificant proportions, but that of the 
present year would seem to be of considerable magnitude, and 
sanguine hopes might be entertained ns to the result if the 
malign inlliience of the “ collector ” could be neutralized or 
withstood. Al.FREn Newton. 


Mr. R. L, Stevknso.v, in his ‘‘Chapter on Dreams” in 
Scribner's Magazine for January last, brings forward one difficult 
point that must have puzzled many dreamers besides himself. 
The point is that the dreamer is often in the position of an 
ignorant onlooker, who, only when the plot or story is complete, 
sees the drift and motive of the different incidents that hav:* been 
enacted before his eyes by what Mr. Stevenson calls “the Little 
People who manage man’s internal theatre.’’ 

Perhaps it is one step further on in the puzzle to have the 
interpretation only vouchsafed to one after awaking ; and the 
following example may be of some interest. 

Much of my dreaming goes on in the form of reading ; and it 
once happened to me to awake while looking at the outside of a 
pamphlet I dreamt I was holding. T saw it vividly enough 
before me ; it had a mud-coloured cover, and the title was 
printed on it in plain Roman capitals : “ Tood, or the astrology 
of every day/* “But this is nonsense,” I thought ; until, still 
having a vivid view of the title before me. I observed that the 
rough brown paper had been nibbed up after the word “ the,” 
and that there was a wide gap between it and the “astrology.** 
Evidently a letter was missing, and I at once conjectured that 
the word had been printed “ gastrology. ” But this I did not 
arrive at till I was wide awake. 

I come back to Mr. Stevenson’s query, “ Who are the TJttle 
People?” and how comes their amazing independence of their 
enployers ? E. H. 


Strange Rise of Wells in Rainless Season. 

A HOUSE near Fareham, standing in its own grounds, is 
principally supplied with water by two wells, about 16 feet deep. 
They are usually quite full in winter, and gradually empty before 
autumn. Owing to the small amount of rain last winter, the 
beginning of March found the wells with only 3 feet and 2 feet 
of water respectively i when, after a continuance of north-east 
wind, without rain^ but with half a gale blowing, the water in 
tbwe wells rose 14 feet and is feet. 

Can 3^ or any of your readers explain this mystery ? There 
is n tradition In the neighbourhood that it is customs^ with the 
wells in the district to n»e with a heavy gale even without rain ; 
and a similar phenomenon has been observed before by my 
informant E. H. 

May aj. 


Milk w. Lightning. 

In ^in P^a’s letter published in Nature (vol. xxxv 
^ S| 3 )* the Sudan Arabs are said to have a superstiti' 
fire kindled by a dash of Ikhtniivg cannot be extinguish 
^ mUkHm been pouted upon it. 

wUef seems to have eafoted formerly in this count! 
^.^iett register-book of this par^ oontains the folfowii 


Magdalene College, Cambridge, May 27. 


“ The Shell-Collector'a Hand book for the Field.*’ 

As your reviewer (Nature, May 17, p. 51) has shown that the 
little book which hears the above title is certainly worth a laige 
share of “ powder and shot,*’ I may, in all fairness, he allowed 
to reply to those strictures made by him which are the most unfair, 
and which I consider warrant a reply from me. In the first place, 
it is quite apparent that he has never used the “Authenticated 
British List ’ published by the Conchological Society, where he 
would have found Ciausiiia parvnfa^ C. so/ida^ and Zonites 
drapanmldi excluded, doubtless, on reliable authority ; while 
Bnlimu^ Goodallii^ Vertigo iumida^ and Planorhis dilatatus are 
included, also, doubtless, on reliable authority, as recognized 
members of the British fauna, even if they be “casuaU.” He 
has also, it is quite apparent, never read Prof. Macalister’.s 
“Introduction to Animal Morphology," where he will find it 
stated on p. 286 that “the operculum has always more conchiolin 
in its composition than the shell whose mouth it closes.’’ He 
does not know, it is also quite apparent, that Pisidium and 
Sphocrium nre British fresh-water mussels, and siphonated British 
fresh-water mussels too, there being one siphon mthe former and 
two in the latter genus (cp. the description of these genera in 
Westerlund’s “Fauna of Sweden and Denmark”). He can 
scarcely know that theepiphragm has been called by some authors 
(as instance Macalister) the clausilium ; and although recognizing 
this on p. 5 of my “ Hand-book,” 1 have described in a footnote 
to the genus Clausilium (p. 44) the only structure which we 
recognize to-day under that name. He does not know, it is 
evident, that Prof. Milnes Marshall (“ Practical Zoology,” p. 106) 
states that “the perioptracum or outer layer is homy and 
uncaldfied. To it the colour of the shell is due,” and that “ the 
middle layer” “is dcn.sely calcified, and has an opaque 
porcellanous appearance.” And he scarcely knows that in 
Huxley and Martin’s “Course of Elementary Instruction in 
Practical Biology,” p. 274, the aperture of the shell is spoken of 
as the periiretne and not as the perisiotnty and that in the majority 
of works on comparative anatomy it is also solely mentioned 
under that name. I think it also my duty to tell yiur reviewer 
that the teeth- formulce were not copUd from Lankester, as he 
supposes, but from Woodward, and that upon comparison I find 
the copy correct (cp. Jeffrey Bell, "Comparative Anatomy and 
Physiology,” p. 136), 

In the second place, with regard to those other strictures 
which I can charaoterhee by no other name than men whims. 
It 1 $ a mere whim, for instance, to consider Anodonta anatina as 
a variety of A. cygnea^ since such has never yet been generally 
recognised. It » a mere whim to believe that Achatina acicula 
should be OmeilUmelkt ucimh ; Bulimm acuius should be Helix 
{Co€hUteiieP\ mmta; Zonites should be Hyaiinia^'* and I had 
rather veomln with my old system of nomenclature than get so 
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inextricably entangled in the ^medley of new systems made by 
Continents workers^ all of which systems differ the one from 
the other as ** chalk from cheese/’ It is a mere whim to imagine 
that chapten on ** The Anatomy of a Snail ” and ** The Anatomy 
of a Fresh-water Massel ” should have been excluded since the 
basis of systematic zoology is anatomy. And it is a mere whim 
to cavil at the inclusion of the vara, minor ^ maxim », and ** albida^ ” 
Uxalbida^ if you please, Mr, Reviewer, for so was it named by 
Menke), andthe mDnstrosity of Hdix aspersa^ since 

Dr. Gwyn Jeffreys and Moquin-Tandon have named varieties and 
userl variety -names, and since Prof. £. von Martens, than whom 
no better conchologist, expressly mentions that *‘it is certainly 
desirable that every local form, well-marked zoolsjgically or 
geographically, should have a distinct name.” And may I turn 
a reviewer on my own book, and ask myself how it is that I did 
not, as your reviewer desires, give the localities for every 
species, and make the book costly, and, by sq doing, take 
it away from the reach of the poorer classes? Why also did I 
not give the definite localities f^or'the now local species, when I 
considered rightly that some of them may turn up in other, and, 
perhaps, far distant spots to those now known ? In conclusion, 
I would point out to your reviewer— for I must not occupy your 
valuable space to any greater extent — tliat as there is a virtue in 
the every-day affairs of this our mundane life which, to c^uotc 
Seneca, is *‘thc only immortal thing that belongs to mortality,” 
so, as certainly, is there a virtue in right reviewing which is quite 
as exacting and quite as important to alwayi» bear in one’s 
remembrance. J. W, Williams. 

51 Park Village East, N.W. 


In reviewing I)r. Williams’s little book, I wished not merely 
to. point out the author's mistakes, but to guard young concho- 
logists, to whom the book is addressed, from placing too great 
reliance on the statements it contains. 

I felt also convinced that the author was not practically con- 
versant with his subject ; indeed, that his knowledge was purely 
derivative, and this the foregoing letter fully confirms. 

I will not occupy space with a detailed criticism on the author’s 
method of compilation, but will simply refer to a single instance, 
quoted to show his want of care in referring to the original 
sources of information, so needful in such a task. The method 
of numeration of the tooth -f yrmula, referred to by me as incorrect 
at p. 7 of the ** Hand-book,” is now justified by the author, 
who quotes Woodward as his authonty ; but upon referring 
to my brother’s ‘‘Manual” I find that my statement was 
fully justified by the fact that the quotation is not cotrect^ 
it having been taken by Dr. Williams from Prof. Jeffrey Bell’s 
“ Comparative Anatomy,” where my brother's name is given as 
the authority for the instances quoted, and not for the whole 
paragraph to which it is appended, and which does not appear 
in his book. To the second part of Dr. Williams’s •whimsical 
letter I feel sure it is needless to reply, 

Hbnry Woodward. 

129 Beaufort Street, S.W., May 28. 


Freaks of Nature. 

I INCLOSE a letter from my grandson Charles, a boy, son of 
Sl Vincent Erskine, the explorer, with whose travels you arc 
probably acquainted. 

This singular instance of a change in the habits of birds, 
consequent on the advance of civilization, is extremely important 
and interesting, ns it evinces almost reasoning powers and 
adaptation of habits to circumitances. As you are aware, some 
birds in South Africa build their nests on the pendant boughs 
of willow-trees as a defenoe against snakes and iguanas. 

These willows, like other trees in Natal, are rapidly becoming 
scarcer, as they are cut down, whilst the who take the nests 
increase. This is, no doubt, the cause of the birds changing 
their nests to the telegraph-wires, where they are also safer from 
their natural enemies. 

It would lie interesting to know whether similar instances 
Occur elsewhere, D. Erskine. 

47 Gratlon Road, Kensington, May 25. 

P.S.— It is remarkable also that the hole is at the side instead 
of the bottom, showing that the bird was aware that the situation 
was snakei>roor. Darwin would have been glad of this proof 
of evolution. 


While watching the landscape of Natal between Ladysmhfh 
and Pietermaritzburg .from a Natal Government Railway 
carriage, I saw some nests of the /'golden weaver ” bird. There 
were four of them hanging in a row, close together. They were 
the round kind, without the long arm. On one of the n^s sot 
a cock weaver bird, but I saw no hens. 

The nests seemed to be one or two years old, except on<» 
which was greener than the others, and most certainly one of 
this season’s. The chief peculiarity seemed to lie in the fact 
that the birds had woven ^ass round the wire for some six or 
eight inches, and two or three inches in circumference, before 
beginning to make the nest, and that the bird had to deal with 
a horizontal wire instead of a vertical stick or a branch. The 
bird always twists the grass round the branch (if he builds on a 
vertical twig) for some way up among the leaves and stalks, 
leaving the long ends free, thus forming his foundation. Weavers 
prefer to build on trees where the long slender twigs droop to- 
wards the ground, and so aObrd a nice vertical slender support. 
They arc especially fond of rhe wee ping -willow, whose slender 
switches generally branch off into two small shoots at the end ; 
between these the bird loves to build his nest. Besides, the 
willow b^s lots of leaves very near together, and so holds the 
straws very well. On the wire he had no such support, but had 
to trust to his own ingenuity to overcome the novel situation, 
which task he seems to have accomplislied very well. 

The entrance to these nests was not at the Ijoltom, as usual, 
but by a hole in the side, and all the nests did not look the same 
way. 

I suppose there was only one nest a season or two ago, with 
a single pair of birds ; soon we shall liave a long .string, or 
rather wire, of these ingeniously built homes with their happy 
quarrelsome occupants, making enough noise to stop all the 
messages ever sent that way. They will hear all the " Govern- 
ment ” secrets : then we will be able to say truly, "A little bird 
told me.” C. H. Erskine, 


WHIRLWINDS, WATERSPOUTS, STORMS, 
AND ROTATING SPHERES,^ 

T T is often necessary, in many branches of science, to 
* halt in our steady progress along the beaten roads of 
induction, and say, Fiat experimentum*^ We may not 
always be able by this means to reproduce exactly all the 
physical conditions of the phenomenon, we are investigat- 
ing, or to evolve a test crucial enough to enable us to decide 
between rival hypotheses. Nevertheless, the power we 
thus gain, especially in the case of an atmospheric pheno- 
menon, of seeing the entire system of action in a coup 
fceil, of gauging its relative proportions, and of examining 
its dependence and effects on its entourage, can hardly be 
over-rated. 

Such would appear to have been M. Weyher's object 
in the delicate and ingenious experiments which he has 
so skilfully elaborated and described in the pamphlet of 
91 pages before us, 

The physical theory of atmospheric eddies, including the 
rotating flat disk or cyclone, and the rotating column 
which manifests itself as a tornado, waterspout, or dust- 
whirl, according to variations in its intensity and surround- 
ing circumstances, has lately been developed to an extent 
not generally known, principally by FerreJ, Sprung, Ober- 
beck, and Marchi. It is therefore decidedly aat^factory 
to those who believe in the progress of meteorology by 
rational theory and deduction, to find that the motions 
e:^ibited in M. Weyher’s experiments, in which the con- 
ditions in Nature are very fairly imitated, agree in every 
point with those which have been deduced from their 
physical theory. 

Theory, for example, shows that a tornado is due 
pnmatilpr to an unstable condition of saturated ain 
companicd by a gyrating motion (which may initliliy be 
very small, and which is practically alWays 
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some extent, owfn^; to the earth's rotation), relative to 
some centra] point ^ 

Given these conditions, the rest follow as necessary 
consequences, viz. (1) a current ascending up the axis^ 
combined with rapid rotation round it ; (2) a hyperboloidal 
funnel of rarefied air tapering downwards, and reaching 
the earth when the action is powerful, round the sides of 
which a condensed vapour-, or so-called water- spout, should 
usually prevail, owing to the sudden rarefaction of the air 
entering the central area through the sides or at the base, 
the consequent lowering of the plane of condensation 
from the cloud-level which it usually occupies. When, 
therefore, it is said that waterspout is simply the cloud 
brought down to the earth by the rapid gyratory motion 
of the tornado,”^ it is not meant that the cloud is actually 
carried downwards by an aerial current, since by theory 
the motion is precisely in the opposite direction ; but that 
the conditions of condensation are propagated downwards 
from the cloud- stratum where they first commence. 
Neglect of this consideration, as well as the physical fact 


that condensation can only occur under most exceptional 
circumstances in a downward current, has led to many 
false deductions from apparent circumstances. 

Theory, moreover, indicates that the current up the 
axis, together with gyration round it, which, by the con- 
servation of rotational momentum, may become exceed- 
ingly rapid as the air approaches it, must combine to give 
a spiral character to the movement near the axis, wnile 
the conditions of continuity equally demand that there 
should be a compehsatory descending current somewhere 
in the vicinity, gyrating spirally in the same sense, and of 
only moderate velocity, owing to its greater distance from 
the axis. 

At the base of a tornado, or its milder form of water- 
spout, there should also be a rising up of the water at sea, 
or of light objects on land, which are supported by the 
ascending current until their collision or size carries them 
outside the central area, when they fall back to the earth, 
or to points where they are again brought within tfie 
influence of the whirl-currents. These and many other 



minor characteristics of tomadic action are confirmed and 
illustrated by M. Weyher's experiments. 

M, Weyher commences by examining the conditions 
which prevail in an eddy produced in water, cither by an 
outjSow through a sluice, or a momentary rotation im- 
pMed hy the stroke of an oar. In the former case the 
motion is well known, but in the latter it is somewhat 
new to find that besides the rotation round a vertical axis 
there is an interchanging vertical motion such that each 
particle descHbes a amending helix down the axis of the 
and ascends in a helix of the same sense to regain 
the surface. 

1 shows the same circulation produced by the 
revqS»ti|nn of a toumlquet, A. 

. If this %ure be looked at upside down, it substantially 

to «*»lew of Soo NMWi^t In the Unit^ 
teWH) dte ntows* Invsrtobly cyclomc. 

(w«w.r 


depicts what is believed to be the motion of the air in a 
whirlwind, waterspout, or tornado, and is precisely similar 
to what is found to be the motion round those artificially 
produced by M. Weyher. 

The important point to notice with respect to these 
water eddies, which are introduced mainly to show their 
analogy to air-whirls, is that, according to M. Weyher, 
their source of action must be at some distance below the 
surface. By artificially causing the liquid to rotate at its 
surface only, he found it impossible to obtain the central 
descending funnel of a complete water eddy. 

A similar condition is found to hold in an inverse sense 
in the case of artificially-produced air-whirls. The action 
must in their case originate in the upper part of the air- 
column, whence the motion is communicated by degrees 
to Sts lower boundary. The analogy, therefore, between 
the water eddy with a defending motion round its axis 
and the atmospheric whirlwind is completely invorse^ 
and not direct^ as some have Supposed. 
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M. Weyher next proceeds to discuss the motions which 
shouid theoretically occur in an air-whirl. These are 
shown in vertical section in Fig. 2. 

In the annular region bordering the inner rarefied 
sptice, and represented by Kacc^ the air is 

asmmied to be rendered denser chan the normal by the 
centrifugal force of gyration, and according to M. 
WeyhcT it is by the descent of this denser air upon the 
depression caused by the air below rushing up to fill the 
central area, that the rotation system* propagates itself 
from above towards the earth. 

We do not think this explanation is either qprrcct or 
necessary. It is contrary to the physical theory that 
there should be a sheath of dense air surrounding the 
rarefied region, and, apart from this, friction, ana the 
transference of air up the axis from its lower end amply 
account for the downward propagation. 

The most interesting of M. Weyher’s experiments arc 
those in which he artificially produces the phenomena of 
the waterspout. By means of a rotating tourniquet placed 
over cold water, an aerial eddy is caused which draws up 
the water, in the form of a spout composed of drops, to a 
considerable height ; but when the water is heated, a 
clearly-defined condensed-vapour-, or, as it is popularly 



termed, water-spout, makes its appearance, like tbai 
shown in Fig. 3, which represents a form of the 
apoaratus suitable for a chamber experiment.^ 

With from 1500 to 2000 rotations per minute, the 
vapour from the heated water is found to condense itscll 
into a visible sheath enveloping a clearly-defined and 
rareiW central nucleus, conical, and tapering downwards. 
The diameter of the sheath is from | inch to i inch 
Besides this vapour-spout, water-drops are carried up as 
m natural marine spouts, until they are thrown out 
beyond the influence of the upward current. 

Other futures of spouts are then imitated, particularly 
what IS called the hirisson, which appears to be identical 
wth what the French sailors call the buisson, or bush- 
pbughmg up of the sea, which occurs at their bases, 
TOth before and during the period of complete formation. 

^ placing twenty or thirty small air- 
b^wns m the place of the water, underneath the 
tphtniquet These are then seen to rise up a short 

• to npMt th* expMrimftitt tb* dimcBsioM m* » 

nwle of tin from 5 to 6 incheo in diutwtor by t 
Tfwreore frOm so to la roctnoftihir faaa i 


distance, and foil back in graceful interlacing elliptical 
curves. The entire motion throughout the k/fissMt, is 
well as the whole system, is further studied by pUong 
underneath the tourniquet a quantity of oatraead in a 
glass vessel, and observing its motion Iw means of eye-* 
pieces fitted into the top m the vessel. The motions are 
thus seen to be precisely the same as those theoterically 
inferred, and when the rotation is stopped, the ascending 
spires of the currents at the lower end, are found engraven 
in lines on the finer particles, which, in obedience to these 
currents, lie in a conical heap round the vertical axis of 
the whirl. 

Several other experiments are made with cotton«wool 
and smoke, each of which exhibits some special feature 
characterizing the spouts of Nature. 

The pressure ana temperature conditions in different 
parts or the area are next investigated. 



Fio. 3. 

By means of a manometer, it is found that the rarefoc- 
tion at the centre of the rotating tourniquet is transmitted 
almost unaltered in intensity (probably proportionally 
diinmishcd in area) to the centre of the whiri on tbe 
surface, while the thermometer at the same point, at first 
shows a fall and then a rise of temperature, the latter 
evidently due to the friction of the rapidly movltw air 
against the surface. ^ ™ 

an^logdus pbenptnenon of « cycione is vory bitiv 
imitated % the apparatus shown in the acconpmyiMr 
diagram (Fig. 4), consisting of a laige toamiourtiSS^ 
over a taw covered with a niitnber of pins meoiiMl siMi 
movable thnade of red wool. The toumioiiot is KtttoMtd 
to M to be capable, of transiatioii as wch asrota^kipuAi 
the cent^ 1^ ^lo is pierced with a anMOtlMttM ^ 
communicaUiw by means of a caoutchouc itibt ^ a 
manometer, which thus registers the chasg a, 
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as thA sapposed cyclooc passes over it. On rotating the the rotation is doubtless kept up^ after it has once beeiv 
and passing it id<mg over the table, the direc- started in the air at some distance above the surface, by^ 
tkmftand positions of the threads are seen to indicate the upward movement along the axis, and the con 
not only the horiaonial, but also the vertical components sequent aspiration of the surrounding air into the area 
of the winds thus produced, including the region of caJm of ^ration. With this exception, however, there se«m» 
in ^ centre, as well as tl« downward and outward little wanting. 

motioci at the anttcycionic border The variations of The position of the source from which the vapour is 
pftssnre recorded by the manometer, when plotted out, drawn is not so important as might be thought, since the 
show a curve similar to that in a symmetrical cyclone, vapour condensed in the natural waterspout is not the 
incl^ng the rise of pressure at the border where the cloud actually brought down to the surface, any more 
motion is descending and outwards. than it is—cxcept for the space of a few feet at its lower 

Kail is then explained, as being caused by vapour extremity — the water bodily carried up, but is the resutt 
drawn up into the AMsson of what M. Faye terms a trombe of the condensation, by rarefaction, of vapour previouriy 
which descends from the upper regions as contained invisibly, but certainly amply enough for the 
far «is the surface of the cloud, whence the hail proceeds, purpose, right down to the earth^s surface. In fact, the 
The rest of the explanation, which mainly involves a origin of the vapour, being at the base, more neariy 
coiHinuai churning up and down of the froren particles, imitates Nature tnan if it were only supplied above in the 
is similar to that given by Fcrrel and MbJlcr, except that form of a cloud. 

the hailstones impinging upon one another at the focus M. Weyher*s experiments so far, therefore, bear out the 
of tlw are supposed, by the heat thus engendered, hypothesis lhat a system of rotating air-currents above 

to aid in effecting the temporary melting of their surfaces the earth’s surface, causes tomadic, waterspout, and <kigl- 
mcesftary to account for the concentric coats of snow and spout phenomena, by an aspiration towards^ and a How 
ice they usually exhibit. up^ its axis, and show that such a system can propagate 

M. W^^her's experiments do not, of course, fulfil all itself and its accompanying effects downwards wJthoat 
the conditions which prevail in Nature,. since in that case assuming any downward component along the axis. 



Fui. 4. 


The last part of the work is devoted to a description of axis in opposite directions, and meet on the plane of 
certain curious effects produced by rotating spherical the equator. From thence the air jointly brought by 
tourniquets. Fig. 5 shows a convenient form of the these inner helices is driven outwards, and returns by 
apparatus*, in which s represents a sphere made of eight similar helices, like the downward return- current of the 
or ten circular fans, fixed on an axis passing through two tornado, to the points at the extremities of the prolonged 
vertical disks whose function it is to keep off disturbing polar axis. So far well, but we cannot quite admit the 
currents, and also to concentrate the action, m is an air- validity of the manometer experiment by which, on p. 74, 
balloon^ which, when the tourniquet is set in motion, is the author attempts to show the existence of the aspira- 
found to revolve round it in the plane of its equator, and tion in the plane of the equator requisite to explain the 
be attracted instead of rcpeli^. attraction it exerts on the air-balloon. The effect of 

M. Weyher thus explains this, at first sight, paradoxical velocity in decreasing pressure, as exemplified by Hawfcs- 
va^km* A rotating spherical ventilator draws in the air bee’s famous experiment, would probably mask any othear 
cldefiy at its poles, and expels it in the plane of the vortical effects such as those sought by M. Weyher. 
equ^er, but, except in this piam^ there is a general It appears to be a recognized custom for an author, 
moUan tat air all round towards the ventilator. The after describing his experiments, to indulge in some pet 
stream of air issuing from the ventilator in the plane of speculations, and even to make the orthodoxy of the 
the^tqtialor is divided by the balloon, and forms vortices, former an excuse for the frequently Utopian character of 
wych^^jether with the cunwats centrally directed on its the latter. 

sme^ tend to urge it towards the ventilator. M. Weyher certainly treats himself to an ampte dessert 
wtodtelhiB explanation be considered satisfactory or of this description in his concluding section, in which, 
tlet balloon certainly revolves Uke a satellite round asauming the existence of a ponderaik ether, the {dieno- 
W fiy nuHKis of bating gcdd-leares, the mena ctf the tmhk't/on are by acalc^ transferred to 

isioente cads^ the splaT system, which is snpposed to be the h&tsson ^ 

whose Inner , gyrisrions comtpenoing at some a whirl system teachiing it from space, the sun being m 
gttnqfiai^ r^ the focus, and in which the planets, by the mutual 
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influent ^ iht ethereal whirls due to their axial rotation^ 
cause Mmuhaueously spots on the sun and cyclones on 
the earth. 

AVe fail to follow M. Weyher here, and think it would 
have heen better if he had not only hesitated, as he 
admits he (^d, but decided not to publish such wild 
speculations. His experiments are exceedingly instructive 



Fig, 5. 


and suggestive, and if he can ultimately succeed in imi> 
tating the conditions of Nature more closely, we shall 
doutnless have an end of the theoretical polemics which 
have hitherto retarded rather than aided the progress of 
our knowledge of ai^rial motions and their causes. 

IL PouGLAS Archibald. 


TIMBER, AND SOME OF ITS DISEASES^ 
VII. 

T F we pass through a forest of oaks, beeches, pines, and 
^ other trees, it requires but a glance to see that various 
natural processes are at work to reduce the number of 
branches as the trees become older. Every tree bears 
more buds than develop into twigs and branches, for not 
only do some of the buds at a very early date divert the 
fopd-supplies from others, and thus starve them off, but 
they are also exposed to the attacks of insects, squirrels, 
&c., and to dangers arising from inclement weather, and 
from being struck by fulling trees and branches, &c., and 
many arc thus destroyed. Such causes alone will account 
in part for the iTregulariiy of a tree, especially of a Conifer, 
in which the buds may be developed so regularly that if 
all came to maturity the tree would be symmetrical. But 
that this is not the whole of the case, can be easily seen, and 
is of course well known to every gardener and forester. 

If we remove a small branch of several years' growth 
from an oak, for instance, it will be noticed that on the 
twigs last formed there is a bud at the axil of every leaf ; 
bpt ^ examining the parts developed two or three years 
previou^y it is easy to convince ourselves of the existence 
of certain small scars, above the nearly obliterated Icaf- 
ffcars, and to that if a small twig projected from each 
of these scars the symmetry of the branching might be 

< Continued firom yol. xxxvii, p. 516. 


complete 4 Now it is certain that buds or twigs were formed 
at these places, and we know from careful observs^Wts 
that they have been naturally thrown off by a process 
analogous to the bedding of me leaves j in other wor^, 
the 0^ sheds some of its young branches naturally evmy 
year. And many other trees do the same ; for instance, 
the black poplar, the Scotch pine, Dammara^ dec. ; in some 
trees, indeed, and notably in the so-ca^ed swamp pyjtress 
{Taxodium dtsEchum) of North America, the habit is so 
pronounced that it sheds most of its young branches 
every year. 

But apart from these less obvious causes for the sup- 
pression of branches, wc notice in the forest that the 
majority of the trees have lost their lower branches at a 
much later date, and that in many cases the remains of 
the proximal parts of the dead branches are slicking out 
from the trunk like unsightly wooden horns. Some of these 
branches may have been broken off by the fall of neighbour- 
ing trees or large limbs ; others may have been br&en by 
the weight of snow accumulating during the winter ; others, 
again, may have been broken by hand, or by heavy wind ; 
and y.:t others have died off, in the first place because the 
over-bearing shade of the surrounding trees cut off the 
access of light to their leaves, and secondly because the 
flow of nutritive materials to them ceased, being diverted 



Fig. ai.— Portion of a tree from which a branch ha* been cut olT doK to the 
stem. C\ the cambium of the branch ; Bt the cortex. 

into more profitable channels by the flourishing, growing 
parts of the crown of leaves exposed to sunlight and air 
above. 

The point I wish to insist upon here is that in these 
cases of branch-breaking, however brought about, open 
wounds arc left exposed to all the vicissitudes of the 
forest atmosphere ; if we compare the remnant of such 
a broken branch and the scar left after the” natural 
shedding of a branch or leaf, the latter will be foimd 
covered with an impervious layer of cork, a tissue which 
keeps out damp, fungus-spores, &c., effectually. 

It is, in fact-^s a matter of observation and experiment 
—these open wounds which expose the standing timber to 
so many dangers from the attacks of parasitic fungi ; and 
it will be instructive to look a little more closely Into the 
matter as bearing on the question of the removal 6f 
large branches from trees. 

If a fairly large branch of a tree, such as the oak^ is; Cut 
off close to the trunk, a surface of wood is eapose^ 
round^ by a thih ring of cambium and bark (as Iki FlgS- 
21 and 22). We have already seen what the funictipiw 
of the cambium are, and it will be observed that 
edge of the cambium (C) is suddenly pUc^ unto 
conditions from the usual ones ; tnC chief imd 

the only one we need notice at preienL is that 'ihe'^ 
bium in the neighbcuriiood of the cut surface is 
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thfy compressing influence of the cortex and bark, 
0WiAg to this release of pressure it begins to grow out 
at the edges into a cushion or ** callus/' as shown in Figs. 
3 j£aitd 24. A very simtiar ^ callus " is formed in the 
opiratian of multiplying plants by ‘'cuttings/' so well 



FiC. 3a.*;;»The same in longiiudinal section. /*, the pith of xtem and branch : 
on oith«r side of thi» are the twelve annual zjnci of wood producecf 
duHng the yean iS67'78, as marked. The cambium, C, sc|>arates these 
from the cortex, E. 

known to all ; the cambium at the cut surface of the 
“ slip” or “ cutting/' is released from the pressure of the 
cortex, and begins to grow out more rapidly in the direc- 
tions of less pressure, and forms the callus. 

Now this callus (Fig. 23, 0)!7)isin all cases something more 



Fig. 93.— l*be same fdoce of «era four yeare later, ‘I’he cushlon-liko devc- 
lopmeatt vetutdng from the ovmarowlh of the cambium and conical 

tietttSe ol tm out bruich, kei ajctmidod eome dutanoe from the edget, 
and le eoycriitg In the expwl woodv E is the dead outer corky tissue, 
Mcapidde of g^wdi, and putlally cracked under the preseums exerted by 
uie .Akheiiiinjf of the eteia* The Utur is eomewhat swollen trars- 
verMlyt dwfnf to the rateaee of nresnire in this reffton enabling the 
td develop alittle mora aenVety here : the quiver growth m the 
jKdudmg OWihioa ui the )u»rieontal dlrcodon U due to the same cause. 

^an €ambiit|iu-H>r rather# as the cambium extends 
by i^m the cut edge of the wound, its outer 

into cortex; aad its inner parts into wood, 
to tfe honn^l casCi Thd consequehce is that we have 
ilowiy crec^njr from the margins of the 


wound, new layers of wood and cortex with cambium 
between them (r ig. 24) ; and it will be noticed that each 
year the layer of wo(kI extends a little further over the 
surface of the wound, and towards the centre of the cut 
branch ; and in course of time, provided the wound is 
not too large, and the tree is full of vigour, the margins of 
the callus will meet near the middle, and what wa^ the 
exposed cut surface of the branch will be buried beneath 
layers of wood and cortex, between which lies the cam- 
bium, now once more continuous over the whole trunk of 
the tree (Figs. 25 and 26). 

It is not^herc to the purpose to enter into the very in- 
teresting histological questions connected with this c^us- 
formation, or with the mechanical relations of the various 
parts one to another. It is suffleient for our present 
object to point out that this process of covering up, or 
occlusion^ as I propose to term it, requires some time for 
its completion. For the sake of illustration, I have num- 
bered the various phases in the diagram, with the years 
during which the annual rings have Been formed ; and it 



Fio. 34.— The same in longitudinal section : A*, and C m before. The four 
new layers of wood formed during 1879-6 a ar« arti6cially separated 
from the preceding by a stronger line. {.)n the left side of the figure it 
will be noticed that the cambium (and therefore the wood devebped from 
it) projected a little further over the cut end of the branch each year, 
carrying the cortical layers iCo*") with it. At , in both figurrs. there is 
necessarily a deprasslon in which rain-water, &c , is apt to lodge, and 
this U a particularly dangerous place, since fungus-sporee may here settle 
and develop. 

will be seen at a glance that, in the case selected, itre- 
quired seven years to cover up the surface of the cut 
branch (cf. Figs. 21-26). During these seven years 
more or less of the cut surface was exposed (Fig. 24) to 
all the exigencies of the forest, and it will easily be under- 
stood that abundant op^rtunities were thus .affoii^bd for 
the spores of fungi to fall on the naked wood# and for 
moisture to condense and penetrate into the interior ; more- 
over, in the ledge formed at X in Figs. 23 and 24, by the 
lower part of the callus, as it slowly creeps up, there will 
always be water in wet weather ; and a sodden condition 
of the wood at this part is insured. All this is, of course, 
peculiarly adapted for the germination of spores ; and, 
since the water will soak out nutritive materials, nothing 
could be more favourable for the growth and development 
of the mycelium of a fungus. These circumstances, 
favourable as they are for the fungi, are usually rendered 
even more so in practice, because the sawyers often allow 
such a branch to fall, and tear and crush the cambium 
and cortex at the lower edge of the wound. These and 
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Other details must be passed over^ however^ asd ovr 
attentkm be cofufined to the fact diat here arc ample 
chancer for the spores of parasitic and other fungi to 
fiill Ml a surface admirably suited for their development 



VlO. a5,“TT»e same piece of stem six years later still: the suiface of the 
Cut branch has now been covered in for some time, and only a bossdike 
projection marks where the previous cut surfbcc was. '1 his projection ts 
' protected by cork layers, like ordinary outer cortex, the old outer cortex 
cracking more and more as the stem expands. 


The further fact must be insisted upon that numerous 
fungus'spores do fall and develop upon these wounds, and 
that by the time the exposed surface is covered in (as in Fig. 
25) the timber is frequently already rotten, usually for 



Fro. ae.— The ««m In longitudinal Motion : lottaring as bcfeni. Ski n«^ 
htpen of wood have been developed, ond the cut end of the hraach nvas 
compMely occluded before the last three were foriDod— at the end 
of (885. After that the cambhim became once more ooirtfnuotn round the 
adlolt «tem, md, beyond a alight pMtubennee over the ooclndod woood 
And cho WEged edges of th« deM corky outer loyocar there cie «o 
efgna of g breach. 


some distance down. In the event of fungi, such as have 
been descHbed above— parasites and wouad-oarasitew-" 
ffldning a hold on such wounds, the ravages of the myce- 
lium will continue after the occlusion is complete, and I 


have seen scores of trees, apparently sound and wMSp 
the interior of which is a mere mass of rottenness : vrbeft 
a heavy gale at length blows them down, such trees are 
found to be mere hollow shells, the ravajges of tJie 
mycelium having extended from toe point of entry hstb 
every part of the older timber. 

In a slate of nature the processes above referred to do 
not go on so smoothly and easily as just described, and it 
will be profitable to glance at such a case as the following. 

A fairly strong branch dies off, from any cause what- 
ever— from being overshadowed by otfier trees. All 
its tissues dry up, and its cortex, &c., are rapidly 
destroyed by saprophytic fungi, and in a short time we 
find only a hard, dry, branched stick projecting from the 
tree. At the extreme base, where it joins the tree, the 
tissues do not at once perish, but for a length of from 
half an inch to an inch or so the base is still nourished by 
the trunk. After a time, the wind, or a falling branch, or 
the weight of accumulated snow, &c., breaks off the dead 
branch, leaving the projecting basal portion : if the 
branch broke off quite close to the stem, the wound 



Fig. 27.— Baw; of a strong branch which had perUbed naturally twtnty.four 
yean* previously to ihc stage figured. 'Hie branch decayed, and the 
{)ase was gradually occluded by the thickening layers of the stem : the 
fall of the rotting brunch did not occur till six year* ago, however, 
as can be determined from the layers at / and /, which then began to 
turn inwards over the stump. Meanwhile, the )^« had become hollow 
and full of rotten wood. jf. It is interesting to note how ihght the 
growth is on the lower side of the branch baie, /, as compared with that 
at h above : the line numbered 24 refers to the annuel zones in each case. 
As seen at b and < 7 , the rotting of the wood pasjtei backwards, and may 
invade the previously heahhy wood for some distance. (After Hartig.) 

would, or at least might, soon be occluded ; but, as it is^ 
the projecting piece not only takes longer to close in, but 
it tends to rot very badly (Fig. 37), and at the best forms 
a bad “ knot ” or hole in the timber when sawn up. Of 
course what has already been stated of cut branches applies 
here ; the wounds are always sources of danger $0 long as 
they are exposed. 

It is beyond the scope of these articles to sot forth the 
pros and cons as to the advisability of adopting any pro- 
posed treatment on a large scale : the simile question of 
cost will always have to be decided by those contomedl. 
But wither it is fwracticable or not on a lairge icaJe^ 
there io no question as to the desirability of adc^ng 
some such treatment as the following to preserve vatnaMe 
trees a»d timber irtm the ravins of these 
sites. Branched which break off should be cut ctom 
down to the stem, if possible in winter, and the clean ebt 
made so that no tearing or crushing of the pm 

cortex occur; the surface should then be ptA^aMiPm a 
thorough coating of tar, and the wound left to bebiodktM* 
If the cutdrig is accomplished in spring or 
trouble will be caused by the tar not stidking to M ^ 
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suited AUhoufh this is not an absolute safeguard 
against the attacks of fungi— simply because the germinal 
tubes from spores can find their way through small craclcs 
at (be margin of the wound, &c. — still it reduces the danger 
to a imnimunii and it is certain that valuable old trees 
have been preserved in this way. 

Before passing to treat of the chief diseases known to 
start from such wounds as the above, it should be re- 
marked that it is not inevitable that the exposed surface 
becomes attacked by fungi capable of entering the timber. 
It happens not unfrequently that a good closure is ejected 
over the cut base of a small branch in a few years, and that 
the timber of the base is sound everywhere but at the 
surfisce : this happy result may sometimes be attained in 
pines and other Conifers, for instance, by the exudation of 
resin or its infiltration into the wood ; but in rarer cases 
it occurs even in non-resinous trees, and recent investiga- 
tions go to show that the wood formed in these healing 
processes possesses the properties of true heart-wood. 
At the same time there is always danger, as stated, and 
we will now proceed to give a brief account of the chief 
classes of diseases to which such wounds render the tree 
liable. 

The first and most common action is the decay which 
sets in on the exposure of the wood surface to the 
alternate wetting and drying in contact with the atmo- 
sphere : it is known that wood oxidizes under such 
circumstances, and we may be sure that wounds are no 
exception to this rule. The surface of the wood gradually 
turns brown, and the structure of the timber is destroyed j 
as the process extends. - | 

The difficulty always arises in Nature, however, that | 
mould-fungi and bacteria of various kinds soon co- I 
operate in and hurry these processes, and it is impossible , 
to say how much of the decay is due to merely physical j 
and chemical actions, and how much to the fermentative j 
action of these organisms, We ought not to shut our 
eyes to this rich field for investigation, although for the j 
present purpose it suffices to recognize that the combined 
action of the wet, the oxygen of the air, and the ferment- 
ing action of the moulds and bacteria, &c., soon converts 
the outer parts of the wood into a mixture of acid 
substances resembling the humus of black leaf-mould. 

Now as the rain soaks into this, it dissolves and carries 
down into the wood below certain bodies which are 
poisonous in their action on the living parts of the 
timber, and a great deal of damage may be caused by 
this means alone. lJut this is not all : as soon as the 
decaying surface of the wound provides these mixtures of 
decomposed organic matter, it becomes a suitable soil for 
the development of fungi which are not parasitic — i,e, 
which cannot live on and in the normal and living parts of 
the tree— but which can and do thrive on partially decom- 
posed wood. The spores of such fungi are particularly 
abuQfdAnt, and most of the holes found in trees arc due to 
their action* They follow up the poisonous action of the 
^uiew referred to above, living on the dead tissues ; and 
It will be mtelligible that the drainage from their action 
aids the poisonous action as it soaks into the trunk. It 
is quite a common event to see a short stump, projecting 
from tite trunk of a beech, for instance, the edges of the 
neatly rounded over by the action of a callus 
u^hloh was unable to close up in the middle, and to find 
thwt tbe hollow extends from the stump into the heart of 
trenW for several feet or even yards. . The hollow is 
by :the decayed humus-Uke remains of the timber, 
watd by thn action of such sa,prQphytes as I have re* 
fetipd to. Similar phenomena occur in wounded or 
bpkea roots^ and need not. be described at length after 
emat ha» been stated* 

^ Bu^in addition to such decay as this, it is found that if 
wojqpMMCA of true woand'.paTasites alight on the damp 
,^is|^ofthe outer broto braneh/tn^ mycelium oan 
Wiiid into the still healthy and 


living tissues, bringing about the destructive influences 
described in Articles 111 . and IV., and then it matters 
not whether the wound closes over quickly or slowly— the 
tree is doomed. H. Marshall. Ward. 

(To te continued.) 


HERVi MANGON. 

I N the current number of La Nature \% an 

interesting, article, by M. Gaston Tissandier, on 
Charles Fr^nqois Herv^ Mangon, whose death we 
announced last week. The following are the essential 
facts noted by M. Tissandier. 

Hervd Mangon was born in Paris on July 31, 1821, and 
was trained by his father, a military surgeon, who devoted 
himself almost entirely to the education of his^son. 
At the age of nineteen the young man entered l*Ecole 
Poly technique, and two years later I'Ecole des Fonts ct 
Chaussdes. He afterwards acted as engineer for several 
railways, but his chief interest at that time was in science 
as applied to agriculture. 

In 1850 he published his “Etudes sur les Irrigations 
de la Campine Beige,” and on the “ Travaux Analogues 
de la Solognc.” This work attracted great attention, 
and brought about important improvements in the 
French laws relating to agriculture. Drainage was then 
scarcely known, even by name, in France. In 1851, M. 
Hervd Mangon published a work on the subject, which 
was considered so valuable that he received from the 
Academy of Sciences the decennial prize for the most 
useful work on agriculture issued during the previous ten 
years. His practical instructions on drainage, of a little 
later date, were widely circulated, and it is estimated 
that the results of his researches have led to an increase, 
in the French revenue, of fourteen millions of francs 
yearly. Irrigation, manures, chemical refuse, and every- 
thing by which land might be fertilized, were made by 
him subjects of prolonged and careful study. He visited 
the principal agricultural works and irrigations in France, 
Belgium, Scotland, Spain, and Algiers, and summed 
the knowledge thus acquired in his “Traitd de Gdnie 
Rural.” 

These researches were followed by meteorological 
studies, in which he took the deepest interest. He in- 
vented or improved many meteorological instruments, 
and on his estate at Br^court in Normandy he organized 
a model meteorological station, provided with the latest 
scientific improvements. Towards the end of his career 
he played a most important part in the reorganization of 
the French meteorological service, and he became the 
President of the Meteorological Council He contributed 
also to the organization of the scientific mission to Cape 
Horn, and to many other enterprises useful to science. 

As a Professor, he created at the Ecole des Fonts et 
Chauss^es the course on Hydraulique Agricolc” 
(1849) ; at the Conservatoire des Arts et Mdtiers the 
course on “ Travaux Agricolcs et de G^nie Rural ” (1864) ; 
and at the new Institut National the course on “G^nie 
Rural” (1876), a science of which he may be considered 
one of the founders. He lectured with ease, and his 
expositions were always clear and methodical. 

He possessed an extraordinary power of work. He 
rose early, carried on his own correspondence, and did 
all his literary work without assistance. His personal 
tastes were simple, and the activity of his body seemed to 
keep pace with that of his mind. He welcomed fellow* 
woricera cordially, and readily offered them counsel and 
help, his disposition being one of rare generosity. He 
¥»s i^ilful in working in wood and metal, and always kept 
in his library a quantity of s^paratus made by himself. 
With this he was constantly experimenting, sometimes 
even getting up during the night to carry on some 
research of special interest ^ ^ 
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In 1872 he was elected a member of the Academy 
of Sciences ; in 1886, Director of the Conservatoire des 
Arts et Mdtiers; and in 1887, Vice-President of the 
Academy of Sciences. Notwithstanding the manifold 
calls on his time» he worked hard to secure the success 
of the Exhibition of 1867, and of all the succeeding Paris 
Exhibitions. 

Believing it to be important that men of science should 
take part in politics, he entered the Chamber as Deputy 
for La Manche, and became Minister of Agriculture in 
the Brisson Ministry, in which he was of eminent service. 
During the war of 1870 he gave proof of ardent 
atriotism. Night and day, during the siege of Paris, 
e made incessant observations in order to facilitate the 
despatch of letters by balloon. For six months he did 
not miss the departure of one of the balloons ; he was 
always present, encouraging the ai?ronauts, and giving 
them valuable directions. When M. Tissandier was 
about to leave Paris in a balloon, laden with messages 
for the Government at Tours, M. Herv(S Mangon said 
to him, “ Vous avez bon vent est-nord-est ; vous allez 
filer dans la direction de Dreux,” and the balloon 
descended at the gates of that very town. 

M. Hervd Mangon was the son-in-law of J. B. Dumas. 
He had a wide circle of friends, and many young men of 
science owe him a deep debt of gratitude for the en- 
couragement they received from him in their work. For 
a long time he suffered from a painful malady, and on the 
I5lh of May he died at Paris, in his sixly-seventh year. 


NOTES. 

Tkk annual Ladies' Conversazione of the Royal Society will be 
held on Wednesday, June 6. 

Mr, R. G. Hau burton writer from Oran, Algeria, that a few 
hours after he had read the account in the Times of the recent 
soirde of the Royal Society, at which two skeletons of Akkas, 
sent by Emin Pasha from Equatorial Africa, were exhibited, the j 
(lisoovery, made by himself in February last, of the existence of 
another dwarf race, in North Africa, also only 4 feet high, and 
called by the same name, Akkahs, was confirmed by the receipt 
of a letter on the subject from our late Minister at Morocco, Sir 
John Drummond Hay. 

The creation of the new Chair of Philosophic Biologique is to 
be proposed to the Sorbonne in tbe course of the next few days. 
There will be much opposition to the scheme, but not enough to 
prevent tt from being carried out. 

The ceremony [in honour of Prof. Donders, at Utrecht, on 
Monday, passed off most successfully. Many friends and admirers, 
not only from all ports of Holland, but from the Dutch colonics 
and other countries, assembled to show their respect for the 
illustrious investigator, and the Dutch Government was repre- 
sented on the occasion by the Home Minister. A medal com- 
memorative of the ceremony was struck, and the King of Holland 
conferred on Prof. Donders the distinction of Commander of the 
(.1 olden Lion. King Humbert sent him the Order of the Crown 
of Italy, and Sir Joseph LUier congratulated him on behalf of 
the Royal Society of England. In responding to the address 
recognizing his services to science and humanity. Prof. Donders 
declared that although the law rendered it necessary for him, on 
tbe attainment of his seventieth birthday, to resign his professor, 
ship, be did not consider that he had finished his task* The sum 
subscribed as an expression of gratitude for Prof. Donders* work 
is to be appropriated, in accordance with his own decision, for 
the benefit of young physiologists and ophthalmologists at the 
University. 

DuRiso the recent cruise of the Liverpool Marine Biology 
Committee in the s,*i, the electric light was stpplied to 


de(^ and surface low-netting after dark with important results. 
We hope shortly to publish fuller details. 

A Marine zoological station, on the plan of the one at 
Naples, is shortly to be established at Ostend. The proposal is 
supported by four Belgian Universities. 

A LETTER has been received by Sir J, D. Hooker from Mr. 
Joseph Thomson, dated Mogador, May 6, stating that he is on 
the eve of starting by a route through tbe provinoe of Shedma 
to Saffi, where, after a short stay with M. Hunot, H.B.M.'s 
Consul there, he will go direct to Demenat, an entirely unex- 
plored part of the Atlas, north-cast of the city of Morocco. 
Mr. I'homson describes the past seaso 1 as having been excep- 
tionally late and cold, and with an extraordinary rain and snow- 
fall ; the season's rainfall at Mogador having been more chan 
32 inches, against an average of less than 18 inches. 

It is stated that Mr. Knipping, of the Meteorological Depart- 
ment of Japan, is coming to Europe on a mission to report on 
European meteorological observatories. 

In the American Meteorological Journal for April, Mr. A, L. 
Rotch continues his article on the history of the meteorological 
organizations, dealing with tbe German Institute, and the various 
newspaper services. Prof. F. Waldo contributes a very interest- 
ing paper on the instruments for making observations of the 
amount and direction of the wind. Special attention is given to 
Dr. Robinson's anemometer, as the instrument almost universally 
adopted, and so called from his investigation of its principle, 
published in 1850. Its invention is attributed to Edgeworth, who 
first used it as a scientific instrument, but a similar apparatus, 
made of wood, with oval cups, is described in the MongoHscht 
Vblker, 1770. Dr. Robinson found that the velocity of the cups 
must be multiplied by the factor 3 in ortler to get the true wind 
velocity, and this value was generally adopted. Mr. Stow and 
Prof, Stokes in this country, and Dr. Dohrandt in Russia, first 
questioned the accuracy of this value, and recent careful experi- 
ments by Mr. Dines, just communicated to the Royal Meteoro- 
logical Society, show that the factor for anemometers of this class 
must be reduced to about 2*15. And further, it has been found 
that the formula for conversion of velocity to pressure (P« '005V*) 
adopted by Smeaton (Phil. Trans. 1763). and repeated subse- 
quently in texi-booka, requires amendment, so that tbe pressures 
deduced from velocity anemometers have been greatly exagger- 
ated. In fact great doubt has been expressed by competent 
authority as to the value of the records of this class of instru- 
ments. Prof. Waldo’s discussion of the subject is therefore 
very opportune. 

At Cragside, Rothbury, Northumberland, the seat of Lotd 
Armstrong, a very fine female of Pallas's sand grouse 
paradoxus) killed itself against the telegraph-wires near Ctag- 
side on Wednesday, May 23. The bird was picked up by the 
gamekeeper, and was sent by Lord Armstrong to Mr, John 
Hancock at the Natural History Museum, Newcastle-on-Tyne, 
where it will be carefully preserved. This bird was in iSne 
plumage, and was proved by dissection to be a female, the ovary 
containing seven ova about the size of No. i shot, and numefous 
others of very much smaller size. It is a curious cofticidonop 
that the first specimens of Pallas's sand grouse, recorded In 1863, 
were shot at Thropton, a few miles west of Rothbury, on Mty 
21, and were sent to Mr. Hancock. The crop eff anotbmr 
specimen (male) of this bird, which We are told was obtahifitd ki 
Wiolaton, five or six miles west of Newcastle^oo-Tyne, waR 
to the Museum on the a3rd inst. The crop was full of the iWiK) 
of a wild plant, probably charlbck or wild muitavd 
arvensisf L.). 

Dr. Trimkn’s report on the five Royal Botanic Qard^r^ 
Ceylon, which bisi just been issued, cmitains much 
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paatter to the economic aid cfvee by the institution to 

planting in Ceylon and elsewhere. Referring to the gradual 
deeline in the cultivation of coffee, Dr. Trimen mentions, os one 
of the causes, that it has suffered severely during the last few 
years from the attacks of a scale-insect or ** bug ** which has in 
some places actually kilted out the bushes. Practical planters 
think the insect different from either of the familiar 

hitherto as foes to coffee— Z^row/Kw cofies and Z. ni^rntn, the 
brown coffee and black bugs. I'he distinctions between the 
three have been pointed out by Mr. E, Green in a paper with 
illustrations printed by the Government of Ceylon. He names 
the new pest Z. viride^ it being generally known as the green 
bug. Dr, Trimen mentions that his principal employment dur- 
ing the past year baa been the compilation, with the aid of the 
library and herbarium, of a catalogue of the contents of the 
gardens, for use by the staff, the public, and conespondents in 
other countries. The list as now completed is brought down to the 
end of 1 886, and contains about 3000 species, mostly trees and 
shrubs. He also reports the commencement of the long projected 
museum of economic botany. 

A VOLUME on the life and works of Lavoisier, by Prof. E. 
Grimaux, of the Polytechnic School of Paris, has just been pub- 
lished. It is illustrated by many interesting engravings, two of 
which repre<ient Lavoisier in his laboratory. A number of 
hitherto unknown documents relating to Lavoisier have been 
discovered by Prof. Grimaux. 

Messrs. Macmillan and Bowes, Cambridge, will have 
ready in a week a ‘‘Bibliography of the Works of Sir Isaac 
Newton, together with a List of Books illustrating his Life and 
Works/’ by G. J. Gray. 

Messrs. Macmillan and Co. will shortly publish a work 
on “The Theory and Practice of Absolute Measurements in 
Electricity and Magnetism," by A. Gray, M.A., Professor of 
Phyaics in the University College of North Wales. Though 
nominally a second edition of the small book by the same author 
published in 1S84, it has been entirely re- written and extended 
in plan, so as to form a fairly complete treatise on the absolute 
measarement of electric and magnetic quantities. This has 
necesaiiAted the division of the work into two volumes, of which 
the first, extending to over 450 pages, is about to be issued. The 
following is a synopsis of the contents : — Vol. L contains a 
sketch of the theory of electro-statics and flow of electricity, 
chapters on units, general physical measurements, electrometers, 
comparison of resistances, comparison of capacities, and measure- 
ment of specific inductive cajmeities, and concludes with an 
appendix of tables of units, resistances, and useful constants. 
The chapter on the comparison of resistances contains full details 
of the various methods of comparing high and low resisuncen, 
calibration of wires, &c. ; the chapter on capacities discusses 
methods generally, and contains an account, as full as possible, of 
the priacipat determinations of specific inductive capacity made 
up to the present time. Vol. XL will contain an account of 
biAgnetic theory, units and measurements; electro-magnetic 
theory and absolute nseasuremrat of currents, potentials and 
electric energy ; the definitions and realization of the ohm and 
ether practical units ; the relationi of electro-magnetic and electro- 
static units and the determinatlou of v ; practical applications of 
electricity, and especially related points, of theory and measure- 
mentSi (This volume i| in hand, and will be Issued as soon a$ 
pqeefrde offer Vol. I.) An attempt has been made to arrange 
^ Kfork so 08 to avoid any too ^harp distinction between wbai 
is theoretical and what is practical, and at the same timepre- 
^ ^ former and prevent the oonslam 

of digretsiohs on theory into accounts of instruments 
||Q;pr<in0isei of ma^ 


A WORK of some' interest and importance, “ Excursions 
zoologiques dans les llesde Fayal et de San Miguel (Aijfores)," 
has just been prodiicedby M. Joles de Guerne, at the expense 
of Prince Albert de Monaco. Of the new species mentioned, 
some, perhaps all, have been elsewhere recorded in con- 
temporary periodicals. M. de Gueme concludes from his 
researches that the land fauna of the Azores has a definitely 
European character ; that the fresh-water fauna has the same 
character, many of the sj>ecies composing it being probably 
cosmopolitan, most of them provided with powerful means of 
dissemination, which have enabled them to reach the Azores 
that most of ?he species have been brought by the wind and by 
birds, the wind playing only a secondary part ; that the lakes 
in the craters are of modern origin, due to the accumulation of 
rain-water, and have not taken long to people ; that the 
character of the aquatic tyi>es and the absence of any great 
struggle for existence suffice to explain this rapid peopling of the 
waters ; that the land species, like those of the water, have been 
fortuitously introduced from the nearest islands and continents,^ 
though at a remoter epoch and more distant intervals, this 
greater antiquity accounting for the greater differentiation of the 
land fauna, and in especial of the Mollusca; that the alpine 
character of the land fauna has not been demonstrated, and that, 
on the theory of the gradual submergence of the islands, the 
animals of the littoral region in retiring to the higher grounds 
would have there produced a varied and numerous assemblage of 
species, which, as a fact, is not found. Incidentally, M. de Gueme 
points out a mistake which has crept into works of importance — a 
sudden depth of 58 fathoms at a single spot being attributed to 
the little Lagoa Grande in the Island of San Miguel, instead of 
the true depth, which is about 17 fathoms. 

TiiE Bancroft Company, San Francisco, announces that 
there will shortly be added to the series of guide-books to the 
l*acific Coast a hand-book of the Lick Observatory, which has 
been prepared by Prof. Edward S. Holden, Director of the 
Obicrvatory. This book is intended to give all the information 
which will be of value to each one of the many visitors to the 
Lick Observatory, which possesses the largest arul most powerful 
lele-icopc in the world, and is situated in one of the wildest and 
most lomantic portions of California. Besides the useful and 
ncce.ssary inform.ition of a mere guide-book, the work is to con- 
tain interesting and popular accounts of the various astronomical 
instruments, and of the w ay in which they arc made and used. 
It w ill be illustrated by twenty or more woodcuts from photographs 
and drawings. 

Mr, Henrv Bedford, of All Hallows College, Dublin, 
writes to us : — “I sec among the notes in your last number (p. 
87) that Herr Sander, in his paper on some recently deciphered, 
runic inscriptions in Sweden, says that * in four of them appeared 
the word /Vw or IHment {«>. a strong drink composed of wine, 
honey, and spice), which, os well as Klaret^ was mentioned in 
the Sa^a of Kollo the Ganger and the Normans,* and that ‘all 
these inscriptions were referred lo ibe close of the pagan age.’ 
Now if the word Klant refers like Puneftt to some kind of 
drink, does not this point to the direction in which we are to 
look for some more satisfactory explanation of our modern word 
Oant than that which our dictionaries give — as a derivation from* 
the French although the word is not used in that 

language to describe the French wine to which we apply it. 
Perhaps you or some of your readers will throw some light upon 
the origin of this obscure word.” 

The 800th anniversary of the University of Bologna will be. 
celebrated on June 1 % next. An oration will be delivered by 
the poet Gio8u6 Gardacci. There will also be a musical per- 
formance, an ode having been written for the occasion bp- 
Panzaochi, and set to music by Baron Francheiti. 
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Last week we printed a letter from M, Julius, of 
Holland, asking a question with regard to tables of reciprocals. 
Mr. T, S. Barrett and Mr. A. Freeman write to tw recom- 
tnending Barlow’s tables of squares, cubes, square roots, cube 
roots, and reciprocals of all integers up to io,ooo. The re- 
<clprocals are gifen to seven places of significant figures, besides 
the leading acros. The work was edited by the late A, De 
Moigan, and published for the Useful Knowledge Society 
Taylor and Walton, London, 1840. 

Prof. Ball, General Director of the Science and Art 
Museum, Dublin, mentions in his report for 1887, that early in 
the year he brought before the Council of the 'koyal Irish 
Academy the desirability of its handing over to the Museum an 
■old collection of moulds of Irish crosses and miscellaneous 
sculptures, togetlier with casts, most of which had been prepared 
for the Exhibition of 1853. To this proposition the Academy 
cordially assented, and, after much piecing together of broken 
fragments, it was found that the material provided a very 
valuable and representative set of casts. It is proposed tliat 
casts of many objects of ancient Irish art not included in this 
collection shall also be obtained. The collection, when com- 
pleted and properly arranged in the new Museum, ought to be of 
great service not only to archoeologists but to workmen, who 
would be well rewarded for a careful and elaborate study of the 
ideas of the mediaeval craftsmen of Ireland. 

Hrrr H. Forsku. has been chosen President of the Swedish 
Royal Academy of Science for the ensuing year, in place of 
Herr C. G, Malmstrom. 

The Biological Society of University College will hold its 
annual sotr^e at the College on Thursday, June 7, beginning at 
5 p^m, Prof. W. n. Flower, F, K.S., will deliver a lecture at 
9 P.m. on *' The Pygmy Race, of Men.” Tickets may be had 
on application to the .secretaries of tl»e Society. 

^ We have received the Annuaire for the year 1888 of the Paris 
JSociety for the Encouragement of National Industry. Among 
the contents arc a list of the members, and an extract from the 
programme relating to the prizes to be given by the Society from 
1S88 to 1893. 

Tiik D.anish Government has granted a sum of ^^"500 for the 
purjmse of having the oyster-banks in Denmark examined by 
an expert. Mis object will be to ascertain the results of their 
continued preservation, with a view to the resumption of fishing. 

Some months ago a large consignment of salmon ova was de- j 
s patched from Den m. ark to Buenos Ay-e:^, vi^ Hamburg, for the 
stocking of certain lakes and rivers in the Argentine Republic. 
The experiment has proved very successful, the ova ariving in 
excellent condition, and further consignments are to be made. 

The following incident in the trial of the great patent case, 
Edison and Swan Electric Light Company ta Holland and 
others, now proceeding in the Chancery Division of the High 
Court of Justice, before Mr. Justice Kay, is taken *frotn the 
shorthand report in the Elect rkian of May 1 8. On May 16, 
Prof, James Dewar, F.R. S., Professor of Chemistry in the 
University of Cambridge was under examination. A small 
-crucible was produced and handed to the witness, who said : 
In that crucible I have, with Mr. Gimingham, carbonized fila- 
■ments in the precincts of the court, using no packing and no 
luting of any description. The filament was a thread so far as 
'he could remember. 

Sir Horace Davey urged tloat this did not arise out of the 
eroas^xamiimtion. 

Mr. Justice Kay said it should have been produced in the 
««xainiftstHMa>'in*chief. If it were pursued, Sir Horace Davey 
ueottld be entiUed to ask any questions upon it J 

, Sir Horace Davey, cross-ewiminmgi— About what host was * 
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this produced at ? — It woe a mere experiment. It was a s^Ht* 
lamp that was used. 

Do you suggest that this coil, or whatever yon like to call h, 

I has been heated to a sufficient heat ibr use as a conductor in an 
I incandescent lamp ? --Not at the present time. 

Then it is not completely carbonized ? — It is carbonized ; but 
it does not conduct well enough. It wants to be heated for a 
longer tiiM at a higher temperature. 

Has it been heated to a degree at which the oxygen would 
combine with or attack the carbon ? — That I cannot say. 1 think 
it is probably at a low red heat. 

Mr. Justice Kay : I am very much disgusted. I am here trying 
all I can to understand the case, and this is clearly an attempt to 
mislead. I am greatly disgusted. 

Prof. Dewar : I have no desire to mislead your lordship. I 
have stated that this was a mere experiment. I did not produce 
it It was put to me. 

Mr. Justice Kay : You may stand down. 

The additions to the Zoological Society’s Gardens during the 
past week include a Rhesus Monkey {Macaetts rhesus 9) from 
India, presented by Mr, Ge ^rge Somerford ; a Barbary Ape 
{Macaetts inuus 9) from North Africa, presented by Miss 
Waterman ; a Brazilian Tree Porcupine {Sphin^urus prehmsilis) 
from Pernambuco, presented by Mr. Clement J. Bateman ; a 
Barbary Wild Sheep {Ovis tra^f^ehiphus\ from North Africa, pre- 
sented by Mr. E. 11 . P’orwood ; a Greater Black-backed Gull 
(Zants marl ft us) f British, presented by Prof. E. Ray Lank ester, 
F.R.S., F.Z.S. ; a Herring Gull {Z,arus ar^fttatHs)f British, 
presented by Mr. E. Wright; a Cape Dove {(Etm capensis), a 
Tambourine Pigeon ( Tympanistria bicohr) from South Africa, 
presented by Mr, R. 11. Milford ; a White-handed Gibbon 
{HylobaUs lar)Uova the Malay peninsula, a Chimpanzee {Anthro' 
popithecus troglodytes Q), & Marabou Stork {Leptoptitus crumeni- 
ferut) from West Africa, two Caracals {Ftlis caracal juv) from 
Africa, three Red-crowned Pigeons {Erythytrnas pulcherrimus)^ 

a PrasUn Parrot {Coraeopsis barklyi)^ two Kestrels {Tin- 

nunc ulus g^rarilL^) from the Seychelles, a Laughing Kingfisher 
{Dacelo gi^nteci), a Black -backed Piping Crow {Gymnorhma 
tibiccu), a Greater Sulphur-crested Cockatoo {Cacatua guUrita) 
from Australia, two Glass Snakes {Pscudopus pa Hast) from Dal- 
matia, deposited ; six Common Pintails (Dafila acu4a), eight 
Common Teal (Querquedu^a crecca)^ eight Garganey Teat 
{Querqttedulacircia)^ ten Wigeon {Afareca penelope\ a Shoveller 
( Spatula clypeata)t British, purchased ; a Red ICangaroo 
[Macropus ru/us\ bom in the Gardens. 


OUR ASTRONOAfZCAL COLUMN, 

Comet 1888 a (Sawerthal). — A t the beginning of lait 
week, apparently on May 20 or 21, the comet suddenly becajite 
very much brighter, gaining fully three magnitudes. It haszince 
faded again. Only a few observations nave as yet come to 
hand, but it is to be hoped that everyone who has observed it 
during the lost fortnight, and made any estimate of its bright- 
ness, will publish his observations without delay. 

The Short Period Comets and AsTBRoiDS.^Frof. 
Kirkwood, who has already given reasons for thinking that 
two short period comeU originally belonged to the groap**or 
asteroids, has extended his argument in the Sidereal Mes- 
senger for May to include the class of short period comets 
as a whole. He points out that, of the twenty comets con* 
cerned, seven have disappeared, either by dissolution into 
fr^Mts, like Bieia's comet, or by the transformation of the 
orbit by the influence of Jupiter, as in the case of 
comet. The instances of the comets of Lexdl and Wolf iiSu) 
are representative. Prof. Kirkwood considers, of the mcMfeTn 
which asteroidal may have been changed into oometaiy otbi|f . 
Had the latter, indeed, been diwovered before Its 
it would probably have been considered simply an ftstinsht df 
unusuAlly long period, for its eccemrioUy and itmtfoidiiM 
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wtoll within ftsteroidal Hmita* Of the twenty comets, not only 
have seven disappeared, but five, or, including Encke'e and 
Bida’s, sevetii have periods commensurable with that of Jupiter ; 
all the twenty have direct motion ; all but one have smaller 
ittcUnation than Pallas ; and, as with the asteroids, there is a 
tendency of the perihelia to concentrate in the 180^ from 
396® to no®. 

New Minor Planet, —A new' minor planet was discovered 
by M. Borrelly on May la at Marseilles, This may possibly, 
but not very probablyi prove to be Xanthippe, No. 156. Should 
it be really a fresh discovery, it will rank os No. 278, whilst the 
one discovered by Herr Palisa on May 16 (see Nature, vol. 
xxxviii. p, 89) wUI be numbered 379, 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK j888 JUNE 3-9, 

/UOR the reckoning of time the civil day, commencing at 
^ Greenwich mean midnight, counting the hours on to 34, 
is here employed. } 

At Greemvich on June 3 

Sun rises, 3h. 49m.; souths, 11b. 5701. 57*6s. ; sets, 2oh. 7m. : 
right esc. on meridian, 4h. 47 ‘4m. ; dec). 24' N. 
Sidereal Time at Sunset, lah. 58m. 

Moon (New on June 9, I7h,) rises, ih. 42m,; souths, 
7h. 30m, ; sets, I3h, 29m. : right asc. on meridian. 


oh. 

Plantt. 

18 '6m. ; 

Rhet. 

deck 2" 54* S. 

Soathi. Sets. 

asc. and declination 
on meridian. 


h. ID. 

h. m. 

h. tn. 

b. m. 

• f 

Mercury. 

‘ 5 4 

.. 13 .35 

... 22 6 .. 

6 25*2 

... 25 23 N. 

Venus .. 

. 3 21 

... II 14 

... 19 7 ■ 

4 3*4 

... 20 4 N. 

Mars 

. 14 19 

- *9 57 

... 1 35*-. 

13 47 '6 

... 5 3S. 

Jupiter .. 

• >8 3? 

... 23 0 

... 3 31®.. 

>5 51*7 

... 19 13 S. 

Saturn ,. 

■ 7 ^ 

... X5 32 

... 23 26 ., 

8 22 0 

... 30 s N. 

Uranus.. 

• «4 «9 

... 19 59 

... 1 39*.. 

12 49'8 

... 4 37 S. 

Neptune. 

. 3 30 

11 5 

... 18 so .. 

3 53*9 

... 18 38 N. 


* Indicaui th«t the ruintf; is that of the preceding eYening and the setting 
that of the following morning. 


June. h. 


8 .. 

. 20 .. 

Venus in conjunction with and 3” 39' north 



of the Moon. 


VahabU Stars. 


Great Nicobar, the area of which is 375 square miles, the totat 
area of the group being 678 square miles. The scenery, es- 
pecially of Great and Little Nicobar, is Of indescribable beauty*. 
There are several rivers in the former island whidi are navigaw 
by boats for some miles, espedaUy the Galatea, on the south 
coast. Its course is very tortuous, the banks are frin^d with 
tree-ferns, canes, bamboos, and tropical vegetation of infinite 
variety, through which occasional glimpses are obtained of 
high mountains in the interior covered with dense forests to 
their very summits, and generally cloud-capped. The country 
through which the stream runs is almost uninnabited ; a few huts 
appear here and there tenanted by an inland tribe of savages 
called ** iShom Pen,** of whom very little is known, except that 
they are in*sach an utter state of barbarism as to be held in con- 
tempt even by the Nicobarese inhabiting the coasts. On most 
of the islands the forest grows luxuriantly down to the beach. 
Mangroves, except in the island of Kamorta,' are not very 
plentiful, and in this respect these islands differ widely from 
the neighbouring Andaman group, where the creeks are 
fringed with mangroves mile after mile. The sea-beach con* 
sists largely of coral. The climate is very equable day and night 
all the year tlirough, and most pleasant to oae*s feelings, but 
unfortunately its character for unhealthincss is only two well 
established. The rainfall, which averages about 100 inches, is 
pretty evenly distributed throughout the year. The thermometer 
staiuls very steadily between 8cf and 85 in the shade, and hardly 
varies day or jiight. The inhabteants of these islands, Colonel 
Strahan states, are allied to the Malays, and are a complete 
contrast to their tiny, intensely black, woolly-haired neighbour!;^, 
the Andamanese. The Nicoharese are very strong, thickly - 
built men, not much if at all inferior to Europeans in physique, 
of a reddish-brown colour. They are unconquerably lazy, 
having no inducement whatever to exertion. They have a 
wonderful talent for learning languages. Fortunately, Mr. Man, 
the Settlement Officer at Kamorta, who has done so much for 
Andaman anthropology, has been carefully studying the Nico- 
baresc, their habits and language, and is now engaged on a book 
on the ‘'Ubject, which will shortly be published. 

Mr, C. M. Woodkord, the successful naturalist explorer of 
the Solomon Islands, is about to leave England on a third visit 
to the group. After spending some time in various parts of the 
islands not previously visited, he will investigate Santa Cruz, 
Woodlark Island, and other islands lying to the south-east of 
New Guinea. 


Sur. K.A. D«cl. 
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U Cephei ... 

n. m. 
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81 16 N. . 
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3 13*7 - 

3 29 S. . 

• II 
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R Leonis ... 

.. 9 4i*5-.- 

u S7 N. ■ 

• II 

4i M 

S Urste Majoris 
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If 

9, M 

V Virginis ... 
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3 36 S. . 

• II 

S, M 

U Coronse ... 

.. IS *3*6 .. 

3a 3 N. . 

• II 

7, 22 20 m 

U Herculis ... 
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• II 

3i <w 
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• II 

7i 23 48 
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CEOGRAPHICAL NOTES. 

In the Report of the Survey of India for 1886-87, Colonel 
Sttohon gtvM on account of the ourvey and exploration of the 
Nkobar Islands by bimeelf and party, A very careful survey of 
f^e whole group wasenackf end th* coastlines at hst accurately 
<>wiiiKtotlie4eMVec«latKm,tiieps^wereunable 
I6|^a«tnile ftfi^dlitaiwieint^lhetelei^, andonlyaW 
eofild be kttfftWHed. Thewidmthudittg pdiiiof the whole group, 
3 tP 5 fbet above iea-leveV hear Hio south-oast corner 


According to the new Survey Report, triangulation sirrveys 
have already been effected over 15,000 square miles in Upper 
Burma, and the out-turn of reconnaissance surveys amoitms lo 
11,000 square miles on the scale of 4 miles to an inch, in the 
following States .and districts : Northern Shan States and Ruby 
Mines distnet, 3000 square miles ; Southern Shan States, 3000 
Yemethin and Mehtila district, 2000; Yaw country, 1000; 
Mandalay and Kyaukse districts, 20co. 

In the summary Report of the Geological Survey of Canada 
for 1887, some of the results ore given of the expedition under 
Or. G. M. Uawson last summer, of the exploration of British 
Columbia. Mr. Ogilvie*8 instrumental survey to the intersection 
of the Yukon with the 141st meridian will form a sufficiently 
accurate base-line for future explorations in this region. In 
addition to this the geographical results include the completion > 
of an instrumental survey of the Sitkine to Telegraph Creek by 
Mr. McConnell, which is connected with Dense Lake by a 
carefully placed traverse by Mr. M*Evoy. Thence a detailed run- 
ning survey was carried by the Dease, Liard, and Felly Rivers, 
connecting with Mr, Ogilvie’s line at the mouth of the Lewis 
River, a total distance of 900 Taken in conjunction with 

Mr. Ogilvie's line, these surveys include on area of over 
6000 square miles, the interior of which is still, with the 
exception of reports received from a few prospectors and from 
Indians, a ttrra imeo^nita. The same remark may be applied to 
the whole surrounding region outside the surveyed circuit, but 
much general information has been obtained respecting the 
entire district, which will £udHtate further explorations. The 
whole region is more or less mountainous, though intersected 
wide areas of flat or valley country. The country, though 
generally okotmtainoits in character, includes large tracts of fiat 
and slightly bredten land, and, according to Dr. Dawson, mny 
eveomiJly unppprt a impulothm as Imge as that found its. 
correspaoding lathodm in Europe. ^ 
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Ta« onniveMftry meeting of the Royel Crcographlcel Society 1 
was held on Monday in the hall of the University of London, 
General R. Strachey presiding. The report, which was read , 
Mr. Clements R. Markham, having been adopted, General 
mrochey was for the third consecutive year elected President of 
the Society. The Founder’s Medal for the encouragement of 
eeographical science and discovery was presented to Mr. 
Clements R. Markham, who retires from the honorary secretary- 
ship after twenty-five years’ service, in acknowledgment of 
the valuable services rendered by him to the Society during 
that period. Lieut. H. Wissmann was .awarded the Patron’s 
Medal in recognition of his great achievements os an ex- 
plorer in Central Africa ; Mr. J, McCarthy, Superintendent 
of Surveys in Siam, the Murchi on Grant ; Major C'esting, the 
Cuthbert Peek Grant, for his services as a cartographer on the 
Gambia River and the country in the neighbourhood of Sierra 
Leone. The Gill Memorial for 1888 was secured by Mr. Charles 
M, Doughty, V^arious scholarships an<i prizes to students in 
training colleges were also distributed. The President then 
delivered hia annual address, passing in review the chief 
geographical events of the year. 


rJ/£ LINNEAN SOCIETY, 

^HE hundredth anniver>ary meeting of this Society was held 
^ on Thursday last, 24th inst., at Hurlington House, in the 
library, the usual meeting-room being inadequate for the reception 
of the large number of members present on this occasion. The 
^President, Mr. Wm. Carruthers, F. R.S., took the chair at three 
o’clock, and was supported by the two former Presidents who 
are happily still with us — Prof. Allman and Sir John Lubbock — 
the Council of the Society, and many distinguished Fellows, 
amongst whom wc noted Sir Richard Owen, Sir Joseph Hooker, 
Dr,, Gimther, Sir Walter Bullet, Prof. Duncan, Mr. Romanes, 
Colon '- 1 Grant, nnd amongst the visitors Dr. Henry Woodward, 
F.R.S., nnd Mr. Studley Marlin, a nephew of the founder. 

After preliminary business, H.M. the King of Sweden was 
elected an honorary member. The Treasurer, Mr. P>ank Crisp, 
.laid the last yearns accounts before the meeting, and brleny 
referred to the financial history of the Society during the century 
now closed. The senior Secretary, Mr. B. D.aydon Jackson, 
presented an account of the Linneau collections from their 
formation, their purchase by the founder of the Society, and 
their possession by the Linnean Society. This was succeeded 
by the President’s annual address, which was largely devoted to 
a review of the Society’s past career. He spoke of the original 
quarto Trausaction«, then of the octavo Proceedings, finally of the 
Journal, of which forty-three volumes arc extant. During the 
past year pcven parts of the Transactions and twenty of the 
Journal had been issued, an amount equal .to that published 
during fifteen years in the early part of the century. 

A novel feature was then introduced, one of those intended to 
mark the centenary of the Society. Prof. Thore Fries, the 
present occupant of Linn sc ns’s Botanical Chair at Upsala, 
.had been invited to pronounce a eulogium on his illus- 
trioua predecessor. As he was detained by his professorial 
duties in his University, his essay wis read by the Pre- 
aident. In it he spoke of the profound sleep of natural 
science during the Middle Agt s, and the hard struggle which had 
to be fought before men of science could liberate themselves from 
a narrow orthodoxy, or the fetters they had themselves forged by 
attaching infallibility to Aristotle and classic authors. Linneeus 
bore an honourable part in placing the study of natural science on 
a logical basis by his clear definitions, and admirable nomencla- 
ture, and by the enthusiasm he was able to rouse in hU disciples 
for the same methods. England, unluckily for Sweden, became 
his heir; many consequently ore the tics which unite the memory 
-of Lionseuawiih this country, the strongest perhaps being the 
Linnean spirit, the genuine spirit of freshness and enterprise in 
which scientific research is carried on in England. 

Sir Joseph Hooker then pronounceil a eulogy on Robert 
Brown, the greatest botanist of the present century. He 
specially dwelt on the evidence afforded by the ** Prodromus ” 
-of his, untiring industry, accuracy of observation and exposition, 

• together with sagacity, caution, and soundness of judgment, in 
which he has not been surpass^. Where others have advanced 
beyond the goal he reached, it has been by working on the 
fouadocions he laid, aided by modem appliances of optics and 
physics. Jiis memory was wonderfui, he seemed never to 
forget a plant he hod examined ; and the same with his books-- 


he could turn to desertions for a stotetnent or a figure udthout 
needing a reference. The noble title conferred npon him by 
Humboldt has been confirmed by acclamation by botanists of 
every country, Botonicorum ^Ue prineeps/' 

Prof. Flovrer, C. B., F.R.S., delivered on address on Charles 
Darwin, who, he said, had special claims on their considera- 
tion, inasmuch aa a large and vtry important portion of his work 
was communicated to the world by papers read before the 
Society and published in the Journal. His life was one long 
battle against our ignorance of the mysterie* of living NaturCr 
and he sought to penetrate the shroud which conceals the 
causes of au the variety and wonders round us, His^ main 
victory was the destruction of the conception of species as 
being fixed and unchangeable beyond certain narrow limits, a 
view which prevailed universally before his time. That other 
factors had operated besides natural selection in bringing about 
the present condition of the organic world was admitted even 
by Darwin himself. His work, and the discussions which hod 
sprung from it, had marvellously stimulated research, and he 
had shown by his life and labours the true methods by which 
alone the secrets of Nature may be won. 

Prof- W. T. Thiselton Dyer spoke on George Bentham, who 
presided over the Society from 1863 to 1874. A nephew of 
Jeremy Bentham, and trained to some extent under him, he was 
early imbued with a taste for method and analysis, and through 
I his mother’s fondness for plants he was led to study them, 

I with marvellous results. The records of his life-work are 
astonishing. Whilst President he delivered a scries of masterly 
addresses, and the latter part of his career witnessed the pre- 
paration of the “Flora Australiensis ” and a full share of the 
“Genera Plantarum.” He stood in the footsteps of Linnieas, 
and although the descent was oblique he inherited the mantle of 
the master whose memory was that day commemorated. 

The President stated that the Council had decided to establish 
a Linnean Gold Medal, to be presented to a botanist and a 
zoologist in alternate years, hut on this occasion it would be 
awarded in diiplicalc. The medal bore on the obverse a profile 
of Linnaeus, modelled from the bust in the library ; on the 
reverse, ihe arms of the Society and the name of the recipient. 
The President made the first presentation to Sir Richard Owen, 
recounting the chief services ne had rendered to zoology, Sir 
Richard, with some emotion, expressed his high sense of the 
honour conferred, and thanked the Fellows for their cordial 
reception of him. The President then presented a similar 
medal to Sir Joseph Hooker, with a like recapitulation of the 
splendid services he had bestowed on botany. Sir Joseph 
suitably replied, returning his cordial thanks for the distinction. 
The remaining formal business included the announcement 
of the newly-elected Councillors, and the re-election of the 
officers— Mr. Wm. Carruthers, President ; Mr. Frank Crisp, 
Treasurer; and Messrs. B. Daydon Jackson, and W. Percy 
Sladen, Secretaries. 

The annual dinner was held at the Hotel Victoria, Northum- 
berland Avenue, nt seven o’clock. The President took the 
chair, about sixty of the Fellows being present. In addition to 
the usual toasts, that of “ The Medallists ” was given, and 
replied to by Sir Joseph Hooker, who alluded to the fact that 
he bad personally known eight of the Presidents of the Society, 
and that tbe founder himself induced his father, Sir William 
Hooker, to take up the study of botany. As a proof of his close 
connection with the Linnean Society, he added that his father, 
grandfather, father-in-law, and uncle had all been Fellows. 

The final portion of the centenary celebration took place the 
following evening, when the President and officers held a recep- 
tion at Burlington House, A special feature was made of the 
Linnean manuscripts and memorials, which were displayed in 
glass cases with descriptions, a catalogue of them being also 
distributed. Memorials of other distinguished naturalists were 
also shown, conspicuously those of Robert Brown and George 
Beniham, lent by Sir Joseph Hooker and M. Alphonse dc 
Candolle, of Geneva, n foreign member of the Society, 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE 

Cambridge.— The Rede Lecture cm June 8» by Sir F. A. 
Abel, will be upon op^ications, of ectenod to the pfiotectloh of 
human life. Jt wUt tie illustrated Iw eapbrittente nnd 
exhibition of appliances. 
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Mfi Percy Groom, B.A., late of Trinity College, Ima been 
elected to the Frank Smart Studentship in Botany at GonvUle 
and Caiuft College. 

The fittings of the new Chemical Laboratory are costing £ 1000 
more than woe originally estimated (from rough drawings only) 
by Mr. Lj^on, Superintendent of the University workshops. 
Some of this is due to the fact that the fixing of the tables on a 
bottom independent of the floors of the rooms, and making the 
cupboard doors fairly dust-proof, originally recommended, was 
not adopted till after the tabl^ hod been fixed, and much 
cutting of the floors had to be done. Also much of the iron and 
steel work was not particularized at first. 

The Council are Uking steps to carry out the appropriation of 
the old Chemical Laboratory to the department of pathology. 

Prof. Darwin will lecture during the long vacation on the 
theory of the potential, and on attractions, commencing on 
Tuesday, July 10, The lectures will treat principally of gravi- 
tational problems, including attraction of ellipsoids, Gauss's 
paper, heat of tin, Jacobi’s and Dedekind’s ellipsoids, oscilla- 
tions of a fluid sphere, the foundation of the theory of tides, 
atmospheres of planets, &c. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, May 3 . — ** Effect of Chlorine on the Electro- 
motive Force of a Voltaic Couple.” By Dr. G. Gore, F.K.S. 

If the electromotive force of a small voltaic couple of 
vmamalga mated magnesium and platinum in disiilled water, is 
balanced through the coil of a moderately sensitive galvanometer 
of about loo ohms resistance, by means of that of a small 
Danielt’s cell, plus that of a sufficient numl^r of couples of iron 
and German silver of a suitable thermo-electric pile (see Proc. 
Birm. Philos. Soc., vol. iv. p, 130), the degree of potential 
being noted; and sufficiently minute quantilics of very dilute 
chlorine water are then added in succession to tlie distilled water, 
the degree of electromotive force of the couple is not aftected 
until a certain definite proportion of chlorine has been added ; 
the potential then suddenly commences to increase, and continues 
to do S'* with each further addition within a certain limit. 
Instead of making the experiment liy adding chlorine water, it 
may be made by gradually diluting a very w'eak aqueous 
solution of chlorine. 

The minimum proportion of chlorine necessary to cause this 
sudden change of electromotive force is extremely small ; in 
my experiments it has been i part in 17,000 million parts of 
water,* or less than 1/7000 part of that required to yield a 
Imrely perceptible oj>acity in ten times the bulk of a solution of 
sal-ammoniac means of nitrate of silver. The quantity of 
liquid required for acting upon the couple is small, and it would 
be easy to detect the effect of the above proportion, or of less 
than one ten -thousand-millionth part of a grain of chlorine, in 
one-tenth of a cubic centimetre of distilled water by this process. 
The same kind of action occurs with other electrolytes, but 
requires larger proportions of dissolved substance. 

As the degree of sensitiveness of the method appears extreme, 
I add the following remarks. The original solution of washed 
chlorine in distilled water was prepared in a dark place by the 
usual method from hydrochloric acid and manganic oxide, and 
was kept in an opatjue well- stoppered bottle in the dark. The 
strength of this bquid was found by means of volumetric analysis 
with a standard solution of argentic nitrate in the usual manner, 
the accura^ of the silver solution being proved by means of a 
knowja weight of pure chloride of sodium. The chlorine liquid 
contained a *3 milligr^mes or 0-03565 grain of chlorine per cubic 
centimetre, and was just about three-fourths saturated. 

o( a cubic centimetre of this solution ( *' No. i ”), or 
of chlorine, was added to 9*9 c.c. of distilled water 
and mixed. One cuWc centimetre of this second liquid (** No. 
3 ), oro‘0003565 grain of chlorine was added to 99 c.c, of water 
and mixed; the resulting liquid (“No. 3”) contained 

of uhlorine per cubic centimetre. To make 
sp!utioDs(**No. 4^') ibroKoittfigthe voltaic couple^ successive 
^l«ms of iV (‘*Nd 3") liquid were added to 

900 cdbic cenametres of distilled water and mixed. 


vm of Itt fTme eiflteiMtrts ef water bad no risible tflbci, 




I ]Mur«s or water nae no vmtHe etrec 
the infleoeoe of the diflereno 
eabeeedeMwk 


1 have employed the foregoing method for examining the 
states and degrees of combination of dissolved substances in 
electrolytes, and am also investigating its various relations. 

May 17. — “ Magnetic Qualities of Nickel.” By J. A. Ewing, 
F.R.S., Professor of Engineering, University College, Dundee, 
and G. C. Cowan. 

The ex;>eriments described in the paper were made with the 
view of extending to nickel the same lines of inquiry as hod 
been pursued by one of the authors in regard to iron (Phil. 
Trans., 1885, p. 523). Cyclic processes of magnetization have been 
studied, in which a magnetizing force of about 100 C.G.S. units 
was applied, removed, reversed, again removed, and re-applied, 
fjr the purpose of determining the form of the magnetization 
curve, the magnetic susceptibility, the ratio of residual to 
induced magnetism, and the energy dissipated in consequence of 
hysteresis in the relation of magnetic induction to mi^netizing 
force. Curves are given, to show the ch Tacter of fruch cycles 
fot nickel wire in three conditions : the original hard-drawn 
state, annealed, and hardened by stretching after being annealed. 
The efifecU of stress have aUo been exammerl (i) by loading and 
unloading magnetized nickel wire with weights which produced 
cyclic variations of longitudinal pull, and (2) by monetizing 
while the wire was subjected to a steady pull of p;reater or less 
amount. The results confirm and extend Sir William Thomson's 
observation that longitudinal pull diminishes magnetism in 
nickel. This diminution is surprisingly great : it occurs with 
respect to the induced magnetism under lx)th large and small 
magnetic forces, and als3 with respect to residual magnetism. 
The effects of stress are much less complex than in iron, and 
cyclic variations of stress are attended by much less hysteresis. 
Curves are given to show the induced and residual magnetism 
produced by various magnetic forces when the metal was main- 
tained in one or other of certain assigned states of stress ; also 
the variations of induced and residual magnet i.s in which were 
caused by loading and unloading without alteration of the 
magnetic field. Valuer of the initial magnetic susceptibility, 
for very feeble magnetizing forces, are stated, and are compared 
with the values determined by Lord Rayleigh for iron, and the 
relation of the initial susceptibility to the stress present is in- 
vestigated. The paper consists mainly of diagrams in which 
the results arc giaphically exhibited by means of curves. 

Chemical Society, May 3. — Mr. W. Crookes, F.R.S., in the 
chair. — The following papers were read "1 he determination of 
the molecular weights of the carbo-hydrates, by Mr. H. T. 
Brown and Dr. II. Morris. The law established by Blagdcn 
in 1788, that the* lowering of the freezing-point of aqueous solu- 
tions of inorganic salts is proportional to the weight of substance 
dissolved in a constant weight of water, was extended by de 
Coppet in 1871-72, who pointed out that when the lowering of 
the freezing-point is calculated for a given weight of the sub- 
stance in 103 grammes of water, the result, which he termed the 
coefficient of uepression, is constant for the same substance, and 
that the coefficients for different substances bear a simple relation 
to their molecular weights. Raoul t extcnde<l the law to organic 
substances and to other solvents than water, and showed that 
when certain quantities of the same substance are successively 
dissolved in a solvent upon which it has no chemical action, 
there is a progressive lowering of the point of congelation of the 
solution, and that this lowering is proportional to the weight 
of the substance dissolved in a constant weight of water. 
The ** coefficient of depression,” A— that is, the depression 
of the point of congelation produced by i gramme of tne sub- 
stance in 100 grammes of the solvent — is given by the formula 

= A, where C is the observed depression produced by 

X grammes of the substance dissolved in y grammes of the 
solvent, and from this value the “ molecular depression,” T, is 
calculated by the formula M x A = T, where M is the molecular 
weight of the substance in question. T is a value varying with 
the nature of the solvent, but remaining constant with the some 
solvent for numerous groups of compounds, whence it follows 
that A imd T being known, the molecular weight of the sub- 
stance in question may be determined from the equation 
M as T/A. This method of Raoult's, which is of value in cases 
where a vapour density determination is not possible, has been 
employed by the atubov# to determine the radecuUr weights of 
the following carbo-hydrates ; dextrose, cane-sugar, maltose, 
mtlk-swar, arabinose, and roffinose, and also that of mannkol 
(the Solent being water)* with results which lead to formulae 


n8 


NATURE 


lM0y t9Si9< 


jdaAtlc«l wilh those ordiiMrily ad^ted for these sabstaoees.— The 
tnolecttUr weights of nitric paroaide and nitrous anhydride, by 
Prof. Ramsay. The molecular weight of nitric peroxide as 
Hletermiaed by Raoult^a method in acetic acid solution, accords 
with the formula N1O4. Ko dehnite results could be obtained 
with nitrous anhydride since dissociation occurred at the 
temperature of experiment (16*), — In the discussion which fol- 
lowed the reading of these papers, and in which Prof. Debus, 
F.R.S., Dr. Perkin, F. R.S., and others took part, Mr. Wynne 
remarked that most results hitherto obtained by Raoul t's method 
pointed to a complete dissociation of tha complex molecules 
resent in solids and liquids, and would seem to show that the 
issociation is not depsndent on the particular solvent employed ; 
Mr, Crompton referred to the great irregularities noticeable on 
•comparing the molecular depressions of various substances as 
determined by Raoult, and thought that until more was known 
■of the cause of such irregularities, and of the mechanism of the 
changes under discussion, «nich results as those brought forward 
by Messrs. Brown and Morris should be accepted with great 
-reservation ; and Prof. Armstrov^g, F.R.S., observed that, apart 
from the information as to the comparative molecular weights of 
-dissolved substances which Raoul t’s method promised to afford, 
it appeared that, in order to gain as complete an insight as 
possible into the molecular composition of solids and liquids it 
was important to vary in every way the proportions of substance 
dissolved os well as the solvent. — The action of heat on the ! 
■salts of tetramethylammonium, by Dr. A. T. Lawson and Dr. 
N, Collie. In the majority of cases, the salts examined decom- 
pose in a simple manner, yielding trimethylamine and a salt of 
xntthy!.— The action of heat on the salts of tetramethylphos- 
phonium, by Dr. N. Collie. The salts of tetramethylphos- 
phonium with the oxy-acids, when heated, undergo as a rule two 
changes : the first and moH important is the production of tri- 
methylphosphinc oxide and a ketone, and the second, which 
■occurs only to a very limited extent, results in the formation of 
trimethylphosphine and a salt of methyl. 

Geological Society, May 9.— Mr. W, T. Blanford, F,R.S. 
President, in the chair.-— The following communications were 
wad !— The Stockdalc Shales, by J. E. Marr, and Prof. H. A. 
Nicholson. The Stockdale Shales extend in an east north-east to 
west- south- west direction across the main part of the Lake 
District, parallel with the underlying Coniston Limestone Scries 
-and the overlying Coniston Flags, with both of which they are 
conformable. They aWo occur in the neighbourhood of Appleby, 
and in the Sedbergh district. They are divisible into a lower group 
of black and dark gray and blue GraptoUte*beariag shales, 
interstratified with hard bluish-gray mudstones, containing 
Trllobites and other organisms, and an upper group of pale 
greenish-gray shales, with thin hands of dark Graptolitic shales. 
The lower group fSkelgill Beds) are well seen In the stream which 
Tuns past Skelgill Farm, and enters Windermere near Low 
Wood ; while the upper group (BrowgiU Beds) occurs fully 
■developed in the Long Slcddale Valley, and its beds arc very 
fossiliferous in Browgill. The authors divided these into a 
aeries of fossil -zones, and the beds were compared with the 
corresponding beds in Sweden, Bohemia, Bavaria, &c. The 
fossils other than Graptolites were shown to occur elsewhere in 
strata of Llandovery-Tarannon age, from which it was concluded 
that the Stockdale Shales occupy that horizon. A fault occurs 
everywhere between the Middle and Lower Skelgill Beds, except 
perhaps in the Sedbergh district ; but it does not seem to cut out 
a great thickness of rock, and the authors gave reasons for 
supposing that it was produced by one set of beds sliding over the 
other along a plane of stratification. The beds are found to 
thicken out in an easterly direction, and the possibility of the 
existence of land in that direction was suggested. The authors 
•directed attention to the importance of Graptolitoidea as a means 
■of advancing the comparative study of the stratified deposits of 
l/>wer Palaeozoic age. A description was given of the following 
inew species and varieties : — Phutops Boeck and Stars, var. 

gWv*, Cknrurus himucronaius^ March., var. aeanth^des^ 
moroides^ Acidaspis trinuctus^ Harpes judex, ff. 
^ngusius, Amtyx alomemiiy ProHus braehypy^^, and Atrypa 
On the eruptive rocks in the neighbourhood of Sam, 
Caernarvonshire, by Alfred Hariter. 

Zoological Society, May i,— Prof. Flower, F.R.S., 
Frestde^ in the chair.— Colonel Irby exhibited (on behalf of 
I>Qrd Lilford) a specimen of Aqutla ro/eurfrom Southern Spain^ 
Mieved to. be the first anthentic specimen of this speolea known 


from the Penmsula,— Flower exhibited and made remarks 
on a specimen of the Japanese Domestic Fowl with thn itiil^coveitl > 
enormously elongated, the longest attaining a Ijmgth of 9 fenti 
The specimen had been presented to the British Mewent by 
Mr. F. D. Parker,— Mr. C, M. Woodford made some meval 
remarks on the zoology of the Solomon Islands, and read some 
notes on the nesting-fiabits of Brenchley's Megapode, which Im 
its eggs in the sands on the sea-shore of these islands,— M j, Ci 
A. liotdenger read the description of a new Lond^Tortoist of 
the genus Hom&pm from South Africa, based on specimens 
living in the Society's Gardens, which had been presented to the 
Society by the Rev. G. U. R. Fisk, The author proposed to 
name the species M. Mr. F. K. Beddard read the 

second of his series of notes on the visceral anatomy of birds. 
The present paper treated on the air-sacs in certain diving birds, 
—Mr. Francis Day read the first of a proposed scries of 
observations on Indian fishes. * 

Royal Meteorological Society, April 18.— Dr. W. Marcet, 
F.R.S., President, in the chair.— The following papers were 
read Jordan’s new pattern photographic sunshine recorder, by 
Mr. J. B. Jordan, The improvement in this instrument over the 
previous pattern of sunshine recorder consists in using two semi- 
cylindrical or D-shaped boxc^, one to contain the morning, and 
the other the afternoon chart. An aperture for admitting the 
beam of sunlight is placed in the centre of the rectangular side 
of each box so that the length of the beam within the chamber 
is the radius of the cylindrical surface on which it is projected ; 
its path therefore fallows a straight line on the chart at idl 
seasons of the year. The semi-cylinders are placed with their 
faces at an angle of 60® to each other. They are fixed on a flat 
triangular plate which is hinged to a suitable stand having level- 
ling screws attached, and fitted with a graduated arc as a means 
of readily adjusting and fixing the cylinders to the proper vertical 
angle agreeing with the latitude of the station where used. — On 
the meteorology of South-Eastern China in 1886, by Dr. W. 
Doberck, This paper gives the results of observationR made at 
the Custom-houses ana lighthouses by officers of the Imperial 
Chinese Maritime Customs, In summer there is very little 
change of temperature with latitude. The temperature depends 
upon the di -stance from the nearest sea coast, and is greatest at 
stations farthest inland. The highest mean temperature occurred 
in July, and the lowest in January. The north-east monsoon 
blows from .September to June, and the south monsoon during 
July and August ; the latter does not blow with half the force of 
the former. Rainfall is greatest in Northern Formosa, and least 
in Northern China. Along the east coasts of Formosa and 
Luzon the winter is the wet season, while in China July seems 
to be the wettest month of the year. — Lightning in snowstonnf, 
by Prof. A. S. Herschel, F.R.S,— Insolation, by Mr. Rupert 
T. Smith. 

Edinbijiioh. 

Royal Society, May 7. — Lord Mad aren, Vice-President, in 
the chair. — Dr. G. Sims Woodhead communicated a paper 
written by Mr. Robert Irvine and himself, on the secretion of 
carbonate of lime by animals. — A paper by Mr. Irvine and Mr. 
George Young, on the solubility of carbonate of lime under 
different forms in sea-water, was also read. — Dr. Alexander 
Bruce described a case of absence of the corpus caliosum, in the 
human brain.— Dr. J. Murray discussed the distribution of some 
marine animals on the west coast of Scotland.— Mr. W, 
Hoyle described some larvx of certain Schizopodous Crustacea 
from the Firth of Clyde. 

May 21.— The Rev. Prof. Flint, Vice-President, in the chair.— 
A series of photographs of the Nice Observatory, presented by 
M. Bischoffsheim through the Astronomer-Royal /or Scotlana, 
were exhibited.— A note by Prof, Cayley, on the hydrodyxiamical 
equations, wm communicated. The author discusses tne result 
of the elimination of the symbol denoting the pressure by 
differentiation of the three fundamental hydrokinetical equations* 
— Dr. Archibald Geikie treated fully the history of volcanic 
action during Tcrtiaiy time in the British Islands, 

Paris. 

Academy of Sciences, aa.— M, Janssen, PresMeni^ 
in the cliair.— Obituary notice of M. Hervii Mangon, member w 
the Section for Rural Economy, and Vioe-Pnssidcttt of the 
Academy for the year 188S, by the President Mongol^ 
who was bora in Paris on July 31, tBai, And died there on 
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May 15* |88S,^ may be regarded as the founder of agronomic 
odiMoe, to which he devoted many years of assiduous labour. 
To him France is indebted for the introduction of all the more 
useful agricultural processes. He also gave a great stimulus to 
the ^ociated science of meteorology, and rendered important 
services to ballooning, especially in connection with military 
tactics.— On the part played by atmospheric nitrogen in vegetable 
economy, l>y M, E, Chevreul. A few summary observations 
are made in reference to the memoir recently presented to the 
Academy by MM. Gautier and Drouin. These observers having 
announced as a re.sult of their personal experiments and as some- 
thing new to science that the gaseous nitrogen of the atmosphere 
is aMorbed by plants, it is pointed out that the Commission 
apTOinted in 1854 to investigate the question decided in favour 
of M. Georges Ville’s theory and against that of M. Boussingault. 
Since then the part played by atmospheric nitrogen in the 
vegetative process has been carefully studied both in France and 
Germany, and hitherto the results, such as those of MM, Gautier 
and Drouin, have tended to confirm the conclusions first arrived 
at by M. Georges Ville. — The sardine on the Marseilles coast, 
by M. A, F. Marion. The sardine appears yearly in these 
waters, where a total of 409, oS5 kilogrammes were taken during 
the period between March 1887 and the end of February 1888. 
Details are given regarding the food, migrations, and breeding- 
season of this fish. — Study of the planet Mars, by M. F, Terby, 
Three small round spots, white and brilliant, are visible on the 
continuation of Erebus (left or west side), when the 7 rivium 
CharoHtis is midway from the central meridian in the eastern 
half of the disk. These spots, at first scarcely perceptible, 
become brighter and whiter as they approach the limb, where 
they become diffused by irradiation lilce the polar spot. The 
black line, which seems to divide the north polar spot, has been 
perfectly visible since May 12. Facing it on the outer side is a 
smdl hyperborean tract, white or snowy, but less brilliant and 
white than the true polar spot, of which it seems at first sight to 
form an integral part. It is evidently the same phenomenon as 
lliat which has recently been simultaneously observed by M. 
Pereotin, as well as by M, Schiaparelli. — On an clcctro-chemical 
acti nometer, by MM. Gouy and H. Rigollot. Copper oxidized 
or covered with basic salts, and plunged into water or into a 
solution of sulphate of copper, is known to undergo variations 
of electromotor force under the action of light, effects which can 
be clearly indicated only with intensely luminous means. But 
the authors find that the oxidized copper plunged into a solution 
of metallic chloride, bromide, or iodide becomes, on the contiary, 
extremely sensitive to luminous rays even of slight intensity, and 
rnay consequently be employed as an actinometer. Details are 
given of the process by wnich they have constructed the apparatus 
based on this phenornenon. — Determination of the heat of com- 
bustion of a new solid substance isomerous with benzine, by M. 
W. Louguinine. Five experiments with a beautiful specimen 
of this substnnee, discovered by M. G rimer, give a mean of 
10,863*9 calories for the heat lilicratcd in the combustion of X 
grain. The heat of combustion of benzine is much less 
(776,000 cal ), corresponding to a body whose constitution is 
absolutely different from that of the isomerous substance. — On 
the Pliocei^e formations of the Montpellier district, by M. 
Viguier. In this paper the conclusions are summed up of an 
extensive investigation of this geological area. Three distinct 
groi^ are determined: (i) Arnusian, fresh- water deposits, 
pudding and gravels, with remains of Elephas meritiumalis ; 
(3) Astian, also fresh-water, clays and marls, with remains of 
Semnoptthecus monspessulanuSf Ilelix quadrifasciata^ Triptyckia 
nmsir0rsa^ &c. ; (3) PlaUencian, marine deposits, sandy and 
other marts, with remains of Potamides basteroti^ Melampus 
my0HSf Rhinoceros leptorhinus^ Mastodon brevirostrh^ &c. 


Behun. 

Meteorological Society, May r— Dr. Vettin, President, in 
the chair.— Dr. PerlewiU spoke on aperiodic variations of tem- 
He bas^ his researdi^ ^ the observations made at 

y-ihree 
halves, 

— — rising lem- 

pemt urpt wo second half Iw a similarly normal curve of falling 
tmpmxwee. Both curveSi however, show negative irrcgolaritics, 
number may be very ooesiderableTn any one month : thus 
W May these irr^^tilittitiee (foil of tttBi p er et ere} eceurted on mort 
wmthhteen day# as agaii^ sevenmen days m 
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twelve days on which an irregularity (rise of temperature) was- 
observed as against nineteen days with a normally falling tem- 
perature. On the whole the number of these irregularities is 
greater in the first half of the year than in the second, so that the 
heat of the second half is greater than that of the first. A whole 
series of interesting details exists in connection with the number, 
magnitude, and periodic duration of the changes of temperature 
during both the normal and abnormal times ; tliese cannot how- 
ever be considered here.— Dr. Vettin communicated the results 
of his observations on the daily periodicity in the velocity of the 
wind, extending over a*period of two years. From direct deter- 
mination of the movement of smoke coming from n chimney, and 
from observations with a home-made anemometer, he found that 
in addition fb the well-known maximum velocity of the wind 
which occurs at midday, there is a second maximum just after 
midnight. This latter maximum is very small in summer, but 
in winter, on the other hand, it is much greater and even exceeds 
that maximum vs Inch occurs at midday. This second maximum 
is not very marked as an average on the whole year. The 
speaker then gave a detailed description of the construction of his 
anemometer, which he exhibited to the Society. He further 
described a spring vane which he had made, which he has erected 
at the window of his house in a moderately wide street ; this- 
vane incUcates accurately not only the direction of the wind which 
is blowing up or down the street, but also of any wind which 
may be blowing over the houses at right angles to this. Experi- 
ments made with tobacco-smoke in a glass-covered chamber nave 
shown that the wind which blows over the houses gives rise to 
ascending and descending currents of air along their walls, causing 
an elevation or depression of the vnne. The vane also records 
accurately the direction of a wind which blows at any angle other 
than at right angles to the axis of the street. Suitable as this 
spring vane is for ob!?crvers who live in narrow streets, it is 
specially adapted for observations in narrow mountain valleys, 
in which the direction of the wind cannot be ascertained by any 
other means. 

Physical Society, May 4. — Prof, von Bczold, President, in 
the chair. — Prof. Schwalbe gave expression to the lo>s whicli the 
Society had sustained through the death of Prof. Hoh, for many 
years an active collaborator with the ** Fortschritte der Physik,'^ 
— In the election which then followed, Prof. Kundt, the new 
Director of the Physical Institute, was chosen as fost Vice- 
President in the place of the late Prof. Kirchhoff.— -Dr. Koenig 
spoke on the instantaneous photographs made by Otlonmr 
Anschiitz, of Lissa, accompanied by demonstrations and examples- 
of the photographs. Anschutz began taking instantaneous photo- 
graphs in 1882, opeiating at first upon bodies of troops during 
the manoeuvres, 'Later on, at the instance of the Minister of 
War, he photographed horses and riders moving at every sort of 
pace. In addition, up to 1885, he busied himself with photo- 
graphing many animals in the different and frequently very 
bizarre positions in which they place themselves during their 
movements. Some of the most interesting photographs taken at 
this time arc those of storks. From 1885 onwards he has been 
taking serial -photo graphs of men and animals in motion, obtain- 
ing pictures of the consecutive stages of each movement. From 
these serial-photogrtxphs it is possible to draw many scientific 
deductions, by following the course of the centre of gravity of 
the object in the successive pictures of horses and men when 
running and jumping. A complete knowledge of the mechanics 
of motion can, however, only be arrived at from these scries of 
photographs when the interval of time between each consecutive 
member of the series is equal and extremely small, a result which 
Anschutz has nearly obtained. Latterly he has taken pictures of 
large masses in motion, such as processions, &c. The numerous- 
photographs which the speaker exhibited and briefly explained, 
testified completely to the technical excellence at which AnschiUz 
has already arrived, The apparatus used for instantaneous 
l>holography was exhibited at the same time. 

Physiological Society^ May ix. — Prof, du Bob-Reymond, 
President, in the chair.— Dr. Koenig spoke on his measureraeot 
of the imensitieB of light in the spectrum. The method em- 
ployed was as follaws. A circular field of vision was divided into 
two halves, of which one was iUnminated with some colour of 
the specttum of fixed intensity, usually with ted ; the colour to 
to compared With tlhis then applied to the other half, and 
made to vh«y antil it prodneed the aeswatioa of a light-intanaity 
eqaal to tint df dio The fimt akeaaucemaitta were oaade am 
0r. BfoMhtet iriMxsi eym m dtefaromdk 
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By taking the mean of the separate determinations for different 
parts of the prismatic spectrum, Dr. Koenig had constructed a 
curve for the light intensity of all the colours of the spectrum ; 
there was a difference of at most 2 per cent, between the values of 
the separate measurements and tne mean. The speaker then 
made similar measurements with his own normal trichromatic 
eye# ; in this case he obtained a greater difference between the 
value of the Separate determinations and the mean (up to 5 per 
cent.) but the curve of light-intensity for the whole range of the 
spectrum was found to be identical with that obtained from Dr, 
Broddahn. By reducing the prismatic spectrum used in these 
experiments to one produced by diffraction, he was able to cal- 
aiiate ihe curve of light -intensity for a normal spectrum. 
Comparing this curve wiih those which be had •bbtained, in 
conjunction with Dr. Dictcrici, for the sensations of the three 
primary colours, red, green, and blue (ns determinetl for each 
point in a normal spectrum), he found that the curve of light- 
intensity of the s(>ectrum was identical with that for the sensation 
of reti. From this it mu^t be concluded that the sensation of 
luminous intensity for each separate light is simply dependent 
on the amount of red contained in it, or, to state this more 
accurately, the brightness of each kind of light is determined by 
the extent to which it stimulates ihe rcd-pcrceiving fibres of the 
retina. Dr. Koenig had some time ago given expression to the 
conjecture that in the dichromatic eye it is not the fibres for the 
perception of the third colour which are wanting (the red-j^er- 
cciving for red colour blindness and green- perceiving for green), 
but that they arc, so to say, differently tuned ; tuned down in 
those who are colour-blind to green, so that they can only |ier- 
ceive the sensation due to light as red, tuned up to a higher 
pitch in those who are red colour-blind, so that when they are 
stimulated by rays of greater wave-length they only perceive 
gieen. It is now possible to verify the above conjecture cx|>cri- 
mentally ns follows. The measurements of luminous intensities 
throughout the spectrum were made upon the eye of another 
person who was colour-blind, and this time on one who was red 
Colour-blind ; in this case the curve obtained wa.s identical with 
that of the .sensation of green. The phenomena observed by 
Dove, that the relative luminous intensities of red and blue vary 
according to the intensity of the illumination, were verified by 
Dr. Koenig, but only op to a certain limit ; beyond this limit, 
the rdative luminosities of these two colours underwent no 
further alteration in the brightness of the illumination. — Prof. 
Gad discussed Prof. Kick's views on blood-pressure in the 
capillaries, which the latter believed he had placed on an experi- 
mental basis by means of an artificial vascular scheme ; accord- 
ing to this the pressure in the capillaries could not be much less 
than in the arteries, and only sinks appreciably as the cainllaries 
are passing over into the veins. Prof. Gad showed tnat the 
conditions existing in the above scheme cannot be applied to the 
blood-capillaries ; he further pointed out that the requisite data 
for calculating the true blood- pressure in the capillaries can be 
obtained from a theorelical consideration of the rate of flow in, 
and sectional area of, these vessels, and from this the pressure 
would appear to be about half of that which exists in the aorta. 
A true basis for any theory of capillary blood-pressure can only 
be obtained from such experimental investigation as admits 
of being applied to various parts of the purely theoretical 
consideration. 


* Stockholm. 

Royal Academy of Sciences, April ii.— Prof. W. C, 
Williamson, of Manchester, was elected a foreign member of the 
Academy.— Critical remarks on the researches of Foeppl on the 
electrical conductibility of the vacuum, by Prof. Ealund.— A 
theory of isohydric solutions, by Dr, Arrhenius.— Remarks on 
the fossils of the Cretaceous formation of Sweden, by Prof. B. 
Lundgren. 

May 9.— On Trig/aps pingdu, an Arctic fish, found for the 
first time off the shores of Sweden, and on some ^edmens of 
^frrAaptes paradoxus lately shot in Sweden, by Frot F. A. 
Sroitt.— The whale of Swedenborg {BaUena svtdenhorgu^ 
Liljeborg) found in the diluvial strata of Sweden, de«criM by 
Dr. Carl AurivilUus.— On the anasolic, stored up nutriments of 
the Gramineee, by Dr. C. J. Johanson.— A generalization of the 
researches of Laplace on the ubration in the orbits of the planets, 
by Dr* K. Boblin.— On the poinu of approximation in the theory 
of perturbation, by the same.— Some extraots from the npprt of 
the French scientific expedition to Spitzbemen and other plabn in 
the yean 1S38, 1839, and 1840^ by C. B. Lilliehobk, R.N.— 


Contributions to the theo^ of the undulatory movement in a 
g^eous medium (conclusion), by Dr. A. W. Biicktund. — 
Derivatesof the 8-amido<naphthalme-sulpho-acid, by Prof. P. T. 
Clcve. — Derivates of the y-amido-naphthaline-sulpho-acid, by the 
same.— On naphthol acids, by Dr. A. O. Ekstrand.^On ab- 
normal forms of the first abdominal appendices of some female 
cray-fisheR, by Dr. D. G. Rergendofal. — On two new Lamelli- 
branchiates from the Arctic post-glacial beds of Scania, by Htkr 
G. Clessin, of Ochsenfurth, Bavaria. 

Amsterdam. 

Royal Academy of Sciences, April 27. — Mr. J. A. C* 
Oudem.nns spoke of Airy's double-image micrometer, and stated 
the result of his efforts to discover the conditions to which this 
apparatus mii^t be made to conform, in order that the value of 
one screw-turn may be independent of the adjustment of the eye. 
He had found that the distance from the first to the second lens 
must be equal to the focal length of the first lens — a condition 
already fulfilled in the micrometer for another purpose. 


BOOKS. PAMPHLETS, and SERIALS RECEIVED. 

British Petrogri^hy : /. J. Harris Teall (Dulau).— A Manual of Orchi- 
daceous Plants, Part 3 (Vritch) — lAinamana* Commercial Mai hematics 
(IxiugmxtiH) — A Wanderer's Notes, a vols, : W. Beatty- Kingston (Chap- 
mnn and Hall).— Principles of .Asricvilturiil Pn-ictlce ; J. Wrightson 
(Chapman and Hall), — Discromatopaia, Enrico dal Pozzo di Mombelln 
(Scariglia, Foligno).— Soaps and Candles: J. Cameron (Churchill).— Die 
ReKenverhUltnisse der IbcHschen HRlblnref: G. Hellmann (Pormetter, 
Benin). — Proceeding'^ of the Ocologiiils' Association, February (Stanford). 


CONTENTS. PACK 

Al-Birfini 97 

The Scientific Writings of Joseph Henry ^ 

An Elementary Text-book of Physiology 99 

Our Book Shelf ; — 

Lc Conte : ** Evolution and its Relation to Religious 

Thought” 100 

Slattcr : ** Outlines of Qualitative Analy.sis ” . . . . 100 

Powles : ** The Land of the Pink Pearl ” loi 

Stevenson : ** A Treatise on Alcohol, with Tables of 

Spirit Gravities ” * loi 

Letters to the Editor ; — 

The Dispersal of Seeds by Birds.— Dr. H. B. 

Guppy loi 

Nose-Blackening as Preventive of Snow-Blindness.^ 

Dr. Robert L. Bowles loi 

Mysterious Sky Lights. ZJ'Vz^raw.)— W, 

Maiticu WillUms loa 

Curious Apparent Motion of the Moon seen in 

Australia,— T. McUard Reade j02 

Another Specimen of Lepidosiren paradoxa. — Prof, 

Henry H. Qiglloli 102 

Dreams. — E. H, 103 

Strange Rise of Wells in Rainless Season. — E. H. , . 103 
Milk V. Lightning. — Rev. John Cyprian Rust . . 103 
The Rencwwl Irruntion of SyrrhapUs.-^Fxoi. Alfred 

Newton, F.R.S . 103 

“The Shell-Collector's Hand-book for the Field,'* — 

Dr. J. W. Williams; Dr. Henry Woodward, 

P-R-S 103 

Freaks of Nature.— Major D. Erskine ; C. H. 

Erskine ; 104 

Whirlwinds, Waterspouts, Storms, and Rotating 
Spheres. {Jilustrated.) By £. Douglas Archibald . 104 
Timber, and some of its Diseases. Vll. UUusfmttdA 

By Prof. H, Marshall Ward . ,oS 

Hervd Mangon . 

Notea tra 

Otar Aationomical Colnmn i— 

Comet 1888 a (Sawerthal) Hx 

The Short Period Comets and Asteroids 1 14 

New Minor Planet , iic 

Astronomical Phtsemena for the Wook 

oiefffap^aj NotM* I I I I [ * * III] . ! ! / uc 

TlieXinnean Society ; , iid 

U^iMitiltysmdNdSceManalltih^ «... . ttd 

800^0 and Acadatniee %ly 

$ook^ PamphlatiiL and Sariala * . iap 


NATURE 


121 


'THURSDAY, JUNE 7, 1888. 


TECHNICAL EDUCATION. 

W E are glad to see that the Government Bill for 
' the Promotion of Technical Instruction (which we 
print elsewhere) is down for second reading as first order 
of the day on June 14. The objects effected by this Bill 
are substantially the same as those of the Government 
Bill of last year, and of that already introduced by Sir 
Henry Roscoe and other friends of education, this year, 
on behalf of the National Association for the Promotion 
of Technical Education That is to say, it is an enabling 
Bill, giving powers to localities, if they think fit, to 
apply local rates to the purpose of promoting technical 
instruction, 

In Clause 6, technical instruction ” is defined to 
mean “instruction in the principles of science and art 
applicable to industries, and in the application of special 
branches of science and art to specihc industries or em- 
ployments.^’ It does not include teaching the practice of 
any trade, or industry, or employment ; but, subject to this 
reservation, it includes “ instruction in the branches of 
science and art with respect to which grants are for the 
time being made by the Department of Science and 
Art, and any other form of instruction which may for 
the time being be sanctioned by that Department by 
a minute laid before Parliament, and made on the 
representation of a School Board or local authority that 
such a form of instruction is required by the circumstances 
of its district.” This definition appears good, so far as 
it goes, but in our opinion it does not go far enough, for 
it does not specifically include, as Sir Henry Roscoe’s 
Bill does, the commercial subjects and modem languages. 
This, however, may easily be amended by a slight altera- 
tion of the wording of Clause 6, which should read ; 
“Technical instruction means instruction in subjects 
applicable to industry and commerce, and in the appli- 
cation of special branches of science and art to specific 
industries and employment.” It is, however, to be noticed 
that Clause 5 suggests the possibility of Imperial grants 
in aid of instruction in technical subjects in the words, 
“Every minute of the Department of Science and Art 
with respect to the condition on which grants may be 
made for technical instruction shall be laid on the table 
of both Houses of Parliament.” What the precise nature 
and amount of such grants may be is not stated, and 
we ^tl await with interest the explanation of the 
Government on this essential point 
In any case, however, it will be necessary that such 
grants shotdd bS accompanied by inspection under 
Imperial autibority, but this does not necessarily form 
part of the Bill, which, after all, is one simply for giving 
ntthig power, and only contains one compulsory clause, 
that in which School Boards availing themselves of 
the provisioits are reqntred to grant similar powers to 
Vyoliifilary Sthobls in their districts claiming such powers, 
it tdways nnderetood, to ^e limit of (me penny in 

, xx^ntt*-^Na 


There are many points of difference between this 
Government Bill and that of last year. In the drst place, 
the clause giving powers, granted by the last Bill, to hfty 
ratepayers to denmnd a poll is very wisely omitted from 
this Bill In the second place, under the BilTof last year 
the powers of promoting technical instrudion could only 
be exercised by School Boards or by Town Councils 
where School Boards do not exist. No provision was 
made for districts Jn which neither exist. Under the 
present Bill, where a School Board does not exist, the 
powers may be exercised by any local authority which 
can carry out the Public Libraries Acts, and this gives, of 
course, a much wider sphere of action than the former 
Bill. But, more than this, the present Bill gives power to 
Town Councils and other local authorities to grant aid 
from the rates (even where a School Board exists) to 
supply higher technical instruction, whereas under the 
former Bill technical instruction both of an elementary 
and of a higher character was in the hands of one author- 
ity, viz. that of the School Board. Another new point is 
that the annual rate in aid for technical instruction is 
limited to one penny in the pound in the case of that 
levied by the School Board, and at twopence in the 
pound where the powers given under the Public 
Libraries Acts are exercised concurrently. In the 
Bill introduced on behalf of the National Associa- 
tion no such limit is named. Possibly, in view of 
Parliamentary objections, some limitation is advisable, 
although very serious objections may be raised to this 
proposal. Admission to technical schools and classes, 
may, under Sir Henry Roscoe’s Bill, be granted to all 
comers who pay the required fees ; powers being, however, 
given to Boards and local authorities to institute an 
entrance examination in reading, writing, and arithmetic, 
should they think fit. The Government adhere to their 
former proposal to restrict all attendance in these schools 
and classes (with the exception of those in which manual 
instruction alone is given) to such pupils as shall have 
passed an examination equivalent to that of the Sixth 
Standard. The exception made this year in favour of 
manual instruction is a step in the right direction. We 
should have preferred perfect freedom of admission in the 
Technical, as is now the case in the Science and Art 
Classes of the Department, or at least to leave it to 
the locality to determine whether any such entrance 
examination is advisable or not. 

No powers are granted in the Government Bill respect- 
ing payment of fees to deserving students or for the 
establishment of scholarships, as in Sir H. Roscoe’s 
Bill, These seem to be minor defects, which can 
be easily remedied. A more important point, and 
one concerning which not only much discussion in the 
House of Commons may be expected, but upon which 
the success or failure of the Bill will probably depend, 
is the much-vexed question of whether, and, if so, 
under what conditions, any aid from local rates can be 
given for the special purposes of technical instruction 
to public elementary schools not under control of a 
School Board, to voluntary or denominational schools. 
Here the difference of opinion between tho two great 
political parties is very marked. One party will not on 
I any consideratiem sanction payment from the rates 
I G 
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unless the spending of this is placed under the definite 
control of the ratepayers ; the other will not permit the 
Board schools to reap a distinct advantage which is 
-withheld from those carried on by voluntary enterprise. 
The Bill of the Association summarily cuts the Gordian 
knot by specifically excluding voluntary schools from 
^articipatioh in income derived from the rates j naturally, 
therefore, denying to any higher institution of a 
distinctly denominational type similfir assistance. Sir 
Hart Dyke’s Bill, on the oier hand, having in its first 
clause declared that “ Any School Board in England may 
from time to time supply or aid the supply of such manual ■ 
or technical instruction, or both, as may be required for 
supplementing the instruction given in any public ele* ; 
mentary school in its district, whether under its own 
management or not,” goes still further in its second clause, 
and makes distinct provision as to the equality of treatment 
between Board schools and voluntary schools such that, 
if the Board aids its own schools, it shall, on the request 
of the managers of any other public elementary school 
in its district fulfilling like conditions as to the supply of 
manual or technical instruction in that school, aid the 
supply of such instruction in that school in like manner as it 
aids such supply in the schooler schools underitsown man- 
agement, subject to such terms as may be agreed on or deter- 
mined in pursuance of this Act.” Moreover, if the managers 
object to these terms, the Department of Science and Art 
shall act as umpire. The support or opposition to this 
Bill by those who object to payment from the rates with- 
out representation, and therefore the probable success or 
defeat of the measure, will, we venture to think, much 
depend upon the exact meaning which the Government 
attaches to these “ terms of agreement.” If the expres* 
sion may be taken to mean that the School Board shall 
have some direct representation by its members on the 
governing body of the voluntary schools to whom that 
Board makes grants, qud the technical instruction given 
tn such schools, some of the opposition may possibly be 
removed. But this should be distinctly expressed ; in- 
deed, it would be better to make such an arrangement 
imperative. If this meaning is not to be attached to 
these words, we feat that the Bill will lose the support 
of very many ardent educationalists in the House, 

Another provision which we do not find in the Govern- 
ment measure is the one contained in the third clause of 
the Association Bill, and also in the fourth clause of the 
Government Bill of last year, in which School Boards 
may join together to contribute towards the promotion 
of technical instruction, power being already possessed 
for this purpose by local authorities under the Public 
Libraries Acts. This power, in the case of small or 
sparsely-populated districts, is especially important, with 
u view to the foundation of higher elementary technical 
schools, which from their nature do not need to be very 
numerous, and which the School Boards of many of the 
single areas of the kind included in the Bill would be 
quite unable to create or maintain. 

Tlie above by no means exhausts the points which 
may be brought up for discussion on this Bill, It will, 
however, serve to show the general scope of the Bill, 
whieii, upless greatly modified, cannot, we fear, be 
coneidered a satisfactory one. 



OLD BABYLONIAN AND CHINESE 
CHARACTERS^ 

The Old Babylmian Ckea^acters and their Chinese Deri^ 
vates. By Terrlen de Lacouperle. (London : Nutt, and 
Triibner and Co., ifiSS.) 

P ROF, TERRIEN DE LACOUPERIE has long been 
known as the advocate of a theory which would 
the ancestors of the Chinese from Western Asia, and see In 
the characters they employed derivatives from the cuneiform 
symbols once in use in Babylonia, The proofs Of bia 
theory have been gradually placed before the learned 
world. In two articles published in the Journal of the 
Royal Asiatic Society he has endeavoured to trace the 
history of the Yh-King, the oldest and most mysterious 
of Chinese books, and to show that its earliest portions 
contain lists of characters and their meanings, anctesit 
poems and similar fragments of antiquity, misunderstood 
and misinterpreted by successive generations of com- 
mentators. Elsewhere he has given us for the first time a 
rational account of the vicissitudes undergone by the 
Chinese system of writing, based upon the statements of 
the Chinese writers themselves. Lately he has communi- 
cated to the Philological Society an interesting and 
exhaustive description of the languages spoken in China 
before the arrival of the Bak ” tribes or Chinese propen 
as well as of the 'modern dialects which are descended 
from them. Now we have the last instalment of his 
proofs in the shape of a comparison between the primitive 
forms of the Chinese characters and the pictorial forms 
out of which the cuneiform script subsequently developed. 
Prof, de Lacouperie claims to have proved in a typical 
number of instances that the correspondence is exact, 
or fairly so, as regards form, signification, and phonetic 
value ; and thsit consequently an early connection between 
Chinese and Babylonian must be assumed. Since the 
Babylonian forms can be shown to presuppose those of 
China, we must bring the Chinese from the West, and not 
conversely the Babylonians from the East, 

1 am not a Sinologist, and therefore can pronounce na 
opinion on the Sinological side of the argument. Chinese 
scholars must determine how far Prof, de Lacouperie’s. 
restoration of the primitive forms and values of the 
Chinese signs is correct. Assuming it to be so, the 
j resemblance between many of them and the corresponding 
characters of Accadian Chaldsea is certainly surprising. 

On the Babylonian side, Prof, de Lacouperie has been 
at great pains to secure accuracy, and has left but little to 
criticize. Zih^ however, it may be observed, is not a 
value of the Babylonian ideograph of but goes 

back to an erroneous conjecture of Dr. Hincks ; and the 
original meaning of the character which has the value of 
pa was ** the l^af ” or leafy branch ” of a tree. 

The Babylonians seem never to have forgotten that the 
cuneiform characters they used had originated in pictures. 
Indeed, their scribes long claimed the privilege of adding 
to them, the result being that hieroglyphic forms took their 
place in the texts by the side of forms that had long ^ 
generated into a cuneatic shape. The original bier^y^ 
phics bad been the invention of the so-called Accudkmai^ 
the early population of Chaldaea, who spoke agglutihaM^ 
dialects, and were evenhially superseded by the 
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^ceive<] the hieroglyphics frooi their inven 
al^er they ha 4 already assumed a cuneatic form, and 
further to the heritage. When the Semitic 
1 * was reigning in Babylonia in b.c. ^Boo, 
tj)ur>»orib^ at bis court were still occupied in devising new 
Isrms of cbarhcters, and in increasing the number of phon- 
values the student was required to learn. This is the 
oauae of the fact pointed out by Prof de Lacouperie, that, 
wh^;teas most of the cuneiform characters have to be 
turned on their sides in order to be restored to their 
^idmitive position (Chaldscan writing having once been 
traced tin vertical columns), there are other characters 
which have never been thus displaced. As time went on, 
the forms of the characters became more and more dis. 
torted ; the number of persons in Babylonia who could 
i:ead and write was very large, and while the general form 
of script varied from age to age, the individual in each 
age was distinguished by a peculiar form of handwriting 
as much as is the individual of to>day. An official scrip- 
never prevailed in Babylonia as it did in Assyria, where 
education was practically confined to the class of scribes • 
and while, therefore, the Assyrian student has little need 
of learning more than one form of writing as long as he 
confines himself to the monuments of Assyria, he is 
bewildered by the number of cursive hands which the 
documents of Babylonia oblige him to decipher. 

The oldest Babylonian monuments yet known are those 
discovered by the French Consul M. de Sarzec at Telloh 
in Southern Babylonia. They are earlier than the epoch 
of Sargon I., and belong to the pre-Semitic era. The 
inscriptions engraved upon them still preserve in some 
measure the old vertical arrangement of the characters, 
and in some few cases the characters themselves have a 
pictorial form. But more generally they have already 
become cuneatic, and not unfrequently have departed so 
widely from their primitive appearance as to make it im- 
possible even to guess what they were primarily intended 
to represent If this were the case in the fourth millen- 
nium before our era, we may have some idea of the vast 
antiquity to which the beginnings of Babylonian writing 
must reach back. 

In other instances, though the transformation of the 
character is not so complete, it is difficult to determine 
with certainty the object originally portrayed. Some of 
Prof, de Lacouperie’s examples are in this plight, and as 
regards at least two of them — those pronounced f(a and 
du or prefer the explanations suggested by Mr. 

Pinches and Mr. Berlin to those suggested by himself. 
In fact, in the first case he has misinterpreted, like the 
earlier Assyriologists, the Assyrian explanation of the 
ideograph nasu sa wwi y which signi6es, not ** the summit 
of man/^ but “ the lifting up of a man.’’ It is consequently 
natural to regard it as representing the uplifted arm. 

Prof, de Lacouperie rejects the theory which saw in the 
mountains of Elam the birth-place of Babylonian writing. 
Whatever, however, may be the value of the arguments 
urged by the advocates of this theory, the arguments 
brought against it by ?xof. de Lacouperie do not appear 
to me to be oogent. Certainly it is not my experience 
timt the coast of a gat couotiy like Chaldea ** always looks 
** tq the seafarer j tshile the Accadian word a 
«|V signifies^ not because of the 

meaning of the chMaetar wbldi represented 


it, but because the Accadian ada^ father,” became ip 
pronunciation, through phonetic decay, first ad, and then a. 
The symbol of “ country ” attached to the ideographs of 
**man " or servant/* “ handmaid *’ and “ wild o?c/’ need 
not have been introduced before the Accadians had long 
been settled in the Babylonian plain, and it is not quite 
correct to say that ** while [Babylonian writing] possesses 
primitive symbols for * boat * and for ' wind,* represented 
by an inflated sail; there are none for ^ river.'** Both 
''ship** and river** are alike denoted by a double 
ideograph.* 

The question, however, whether the cuneiform system 
of writing originated in “the mountains of the East,*' as 
the Babylonians called them, or in the islands of the Persian 
Gulf, does not affect Prof, de Lacouperie*5 main contention. 
If this can be established, a new and important chapter 
will be opened in the history of the ancient East, and the 
mystery which has so long enveloped the origin of the 
Celestial Empire will be cleared away. I must leave it to 
the Sinologists to determine whether, on the Chinei§ side, 
Prof, de Lacouperie's conclusions are sustainable ; on the 
Babylonian side, he has nothing to fear from Assyrian 
scholars. ^ A. H. Sayce, 


D/e. EIMER ON THE ORIGIN OF SPECIES. 

Die Entstehung der Arten auf Grund von Vererben 
erworbener Eigenschaften nach den Gesetsen organ- 
ischen Wachsens. Von Dr. G. H, Theodor Eimer, 
Professor der Zoologie und vergleichenden Anatomle 
zu Tubingen. (Jena: Gustaf Fischer, 1888.) 

I T is a little curious that, although Darwin was so much 
more an experimenter than an anatomist, the im- 
mediate stimulus of his work was to anatomy, and not to 
experiment. There is, however, ample evidence that 
morphology is beginning to advance on the lines prophesied 
for it at the end of the “ Origin of Species/' and that 
morphologists are to enter the “almost untrodden field 
of inquiry on the causes and laws of variation, on correla- 
tion, on the effects of use and disuse, on the direct action 
of external conditions.’* 

Dr. Eimer's book is written from the stand-point of one 
who believes that there is more to be made out of the 
study of the influence of the environment on a single set 
of organisms than of the anatomy and microscopy of 
many organisms. It is an abundant storehouse of facts, 
old and new, about the influence of the physical environ- 
ment. Many curious problems are dealt with, and tho 
infinite fertility of the field of investigation ia shown. But 
the book claims to be far more than this ; it claims to 
supply a new theory of the organic world — a theory in 
which natural selection plays only a casual and incidental 
part. 

Dr. Eimer starts from the premiss that natural selection 
is insufficient to account for the evolution of the organic 
world because it is essentially the rule of chance. One 
had thought that this misconception had, even in the con- 
troversy of the ignorant, long ago died of inanition, Not 
only the whole tenoar of Darwin’s book opposed to 
lipch a conception, but Darvrin has specifically guarded 
against it. For him and for his theory “ chance ** is but a 
convenient way of denominating processes of whose 
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details^ fifom their complexity or from their intricacy, we 
are ignorant. 

From his study of the life-conditions of some lizards, 
t>r< Eimer has reached the conclusion that at any given 
time variations occur only in a few definite directions. 
These directtons depend on inner constitutional causes. 
The variations are produced by the direct action of the 
environment, are always transmitted, and when accumu- 
lated, become the inner constitutional cause determining 
the direction in which the organism will respond to new 
stimuli. In old males which have been subjected for a 
longer time than other forms to the environment there is 
a tendency to the appearance of new characters. These 
show the direction in which species-variation is going to 
take place. Not only does the ontogeny repeat the 
phylogeny in a condensed form, but the later stages of 
the ontogeny are prophetic of the new phylogeny. Varia- 
tion, so directed and limited, assimilation causing growth, 
and j^production or discontinuous growth, are the chief 
IsLvrim organic growth. 

Suppose a primitive undifferentiated plasma capable of 
responding to stimuli of heat, light, moisture, &c. In 
response to the action ..of the environment ever slightly 
varied in such details, various conditions would ** crystal- 
lize out” of the plasma, just as from a homogeneous 
jporganic mass crystals form in varied groups. As the 
organic world continued to grow, this original differentia- 
tion would increase. With increase of complexity due to 
the storage in each generation of the complete effect of 
the environment on each stage of the phylogeny, the 
different directions in which forms were developing would 
become more different. Each new character appearing 
would through correlation influence the whole organism. 
A'low a little to natural selection and a little to the results 
of sexual mingling, and the varied species, orders, and 
classes into which the organic world can now be divided 
appear as the inevitable result of its mode of growth. 
There is no need to search for intermediate forms ; they 
may never have existed. As the brai^ching of a tree is 
the natural consequence of its mode of growth, so is 
separation and isolation inevitable in the whole organic 
world. 

The two crucial points in Dr. Elmer’s theory are his 
view of the action of the environment and his extreme 
Lamarckian acceptance of the transmission of acquired 
characters. Probably he is correct in his supposition that 
the extent of the direct action of the environment has as 
yet been unappreciated. Many characters hitherto unex- 
plained may come to be referred to direct action, and 
experiment only can determine its scope. But it is no 
explanation of the presence of chlorophyll to refer it with 
the author to the continued action of sunlight upon proto- 
plasm. And still less is it an explanation of the difference 
between queen and worker bee to refer it to the difference 
in their food. But indeed in this latter case The refutation 
of the author is easy. The neuter is not a different kind 
of bee produced by a different kind of food. It is merely 
an arrested queen— a queen that has not become some- 
thing else on account of a different diet, but a queen that 
is not quite a queen because it has not had enough to 
eat. That this is the true state of the case is apparent 
the less specialized colonies of wasps. There the 
queen in spring lays female eggs, and hashmelf to forage 



, for the whole brood. As a resujt.t^ 
enough to eat, and thedevdopmentt^ i$^Si^aib^ 
is arrested. They in turn help to ^ 

the individuals of which reach a furdier etate 
ment. As the summer wears on, idid eyer^iiuM^^ 
band of workers bring in an increasing nipply of 
finally a condition is reached when there is 
to make perfect females of a whole brood Clearly 
bee colony, with its sharper distinction between lietitei' 
and queen, is merely a specialization of this condition. It 
is but a verbal explanation of the difference between 
queen and neuter to refer it to the direct action of food 
upon the organism. Moreover, to explain the condition 
of things even in the wasp colony, natural selection is 
necessary. Obviously, insufficient food would arrest 
general development as well as sexual development, and 
natural selection acting on variations naturally arising 
had to select those whose genitalia suffered most with 
least detriment to general powers. From the many in- 
teresting cases adduced by the author, this one has been 
selected because it is fairly typical of the slight gromds 
on which he refers important characters to the direct 
action of the physical environment. 

As for the inheritance of acquired characters, it may 
be said at once that Dr. Elmer has added nothing 
of importance to the controversy. He certainly has 
adduced a few isolated cases that seem to be explained 
best on this theory ; and were the inheritance of acquired 
characters merely of incidental value to his argument, his 
easy acceptance of the traditional view might avoid 
criticism. But when it is said that the direct action 
of the environment, together with inner constitutional 
causes, produces varieties and species, and that these 
inner constitutional causes that determine the direction 
of variation are merely a summation of direct action, a 
summation effected by inheritance, we perceive at once 
that a new and all-important is assigned to heredity. 
There is no attempt to meet the serious theoretical diffi- 
culties involved in every conception of the mechanism ot 
the inheritance of acquired characters : there is no 
adequate attempt to establish the fact Were it possible 
and were it true, undoubtedly it would be, as Dr. Eimer 
in elaborate and learned detail has shown, of immense 
importance. But to prove its possibility or truth Dr. 
Eimer has done little or nothing. 

Dr. Eimer appears to have mistaken a generalized 
expression of the process of evolution for an explanation 
of it. Natural selection acts at a time only on the one or 
two characters which the environment temporarily ele- 
vates into criteria of existence. But, as these change, 
there arc changed with them a vast multitude of minor 
characters— in a word, there results what the author 
happily calls “ kaleidoscopic variation.” These changes 
can be referred only indirectly to selection, though they 
may play no inconsiderable part in determining the 
appearance of the organism. With all these variations 
are correlated variations In the results produced hy the 
direct physical action of the environment. 

Dr. Eimer has concentrated his attention on 
secondary and certainly neglected changes, abd his 
theory is a statement of their course, tint he has brought 
forward no motive power to take the {dace ^ natural 
selection in determining the ruling changes i gild 
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fttatament^ even when raised into a 
. with a name, is not an explanation of 
Darwin has convinced men of evolution 
r failed and where certainly Dr. Elmer 

because he discovered any law, but 
he dfscovered an intelligible mechanism, an 
of cause and effect, which could, and 
psqibibly did, act P. C. M. 


OUR BOOK SHELF. 

The Birds of Dorsetshire : A Contribution to the 
NeUurai Ifistory of the County. By J. C. Manscl- 
Pleydell, B.A*, F.L.S., &c. 8vo. pp. i-xvi., 1-179. 
(London and Dorchester: R. H. Porter, 1888.) 

Notes on the Birds of Herefordshire^ contributed by 
Members of the Woolhope Club. Collected and Ar- 
ran^d by the late Henry Graves Bull, M.D., &c. 
pp. i-xxxii., 1- 274. (London and Hereford : Jakeman 
and Carver, 1888.) 

County lists of birds are still the order of the day. 
First we have Mr. Mansel-Pleydell*s book on the 
Ornithology of Dorsetshire, a very neat little volume, 
compiled evidently with the greatest care. The author’s 
long acquaintance with the country and his well-known 
love of natural history have rendered him the most 
competent authority on the subject, and be has been 
aided by many well-known naturalists in supplying him 
with instances of the capture of rare birds, so that the 
list is a very complete one. The inevitable Great Black 
Woodpecker {Picus martius) of course appears, on 
Pulteney’s authority, but no recent specimen is extant, nor 
is likely to be. The Pied- billed Grebe {Podilymbus 
^dicefs)^ which was first recorded by ourselves as a 
British bird, is placed between brackets, and considered 
to be “ extremely doubtful ” by the author. All we can 
say is that we should not have been godfather to the 
specimen, to add one more doubtful species to the already 
overburdened British list, unless we had felt tolerably 
certain of its authenticity, while the fact of the specimen 
being immature renders its occurrence as a chance 
wanderer much more probable than if it had been an 
adult bird in breeding-plumage. The bird has ten times 
more claim to a place amongst our stragglers than such 
mcies as Picus medius^ Pycnonotus barbatus^ and 
dforens of others. A most interesting history is given of 
the celebrated swannery at Abbotsbury, with a photo- 
graphic plate, in which the birds are well depicted, 
But the keeper’s face hicks expression ! Some pretty 
. woodcuts by Mr. Lodge are interspersed in the text. The 
author informs us that Puffinus obscurus (p. 1 1 3) should 
be P. ^seus. 

Dr. Bull’s Birds of Herefordshire” is one of the most 
useful of the county lists ; for it contains a complete list 
of British birds, with special notes on the Herefordshire 
spedest A spreat deal of care has evidently been taken 
over this book, which is rendered more interesting by the 
poetical researches of the author. Mr. Phil. Robinson, 
when he issues a new edition of his Poets’ Birds’* 
vdH certainly have to consult this work of Dr. Bull, which 
ctmtains many quotations we have not seen elsewnere. 

R. Bowbler Sharpe. 

Otflegyjer Alt. By J. ILogan Lobley, F.G.S., &c. 
(LOBoon : Ropef ud Drowicy. 1868). 

Tkx oil^eet of this little bMk !« to give an account of the 
jffipoltattt ftlitt attd dbdBetims in geology, without 
•cieatifie fenttfaolbgy.” 1%at ih«K i* room 
fw Mibh A >ork will not flueatioaed, and doubtless 
SMkity' ; tA the sul^Iect would 
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begin to study it if only their lessons were made easy 
and attractive. This was accomplished in old times 
by Hugh Miller, and more recently by Canon Kingsley in 
his charming Town Geology ” ; and Mr. Lobley, in his 
enthusiastic preface, raises the hope that he will follow 
a similar course, and provide “aJl intelligent readers’* 
with a simple record of the earth's history. In this 
respect, however, we are disappointed, The work is a 
condensed account of the leading geological facts and 
deductions, arranged much after the fashion of an 
ordinary text-book. Of its general accuracy and clear- 
ness we can speak with confidence ; and indeed, through 
his long connection with the Geologists’ Association, the 
author has had ample opportunities of qualifying himself 
for his task. The work, however, is more adapted for the 
young student who wishes to pursue the subject, than for 
the general reader. We fear the patience of the latter 
will be tried when he reads the explanations — and not 
always happy explanations — of outcrops, anticUnals, un- 
conformities, and outliers, for there are no diagrams to 
give pictorial aid. Nor is the chapter on the composition 
of rocks likely to prove more readable ; for surely the 
accounts of the physical characters of minerals, ii|||||d the 
chemical formute, introduce unnecessary scientific 
terminology.” Again, when we read of the acidic and 
basic rocks, of the seismic focus and the meizoseismic 
curve, of the “ homocircle {sic) or equal-lobcd tailed 
fishes,” and of those that present a ‘*.hetcrocircle-tailed 
character,” we feel that the author has not sufficiently 
carried out his good intentions. In the chapter on meta- 
morphic rocks a popular account might have been given 
of recent researches in the Highlands, and then perhaps 
the author would not have remarked that “ rarely a 
reversed- fault is seen.” H. B. W. 

Sounds Lights and Heat. By Thomas D unman. 
Electricity and Magnetism. By the same Author. 

(London: Ward, Lock, and Co., 1888.) 

These two books are revised reprints of the articles on 
the subjects which have already appeared in Messrs. 
Ward, Lock, and Co.’s well known Universal Instruc- 
tor.” They have been published in their present form for 
the convenience of students. The work of revision and 
expansion has been undertaken by Mr. Chapman Jones, 
the death of the original author having rendered it neces- 
sary for other hands to perform this part of the work. 

As might be expected, the books are of a popular cha- 
racter, but their value to students of elementary physics 
does not in the least suffer on this account. The almost 
entire absence of mathematical statements makes them 
suitabler for the most elementary students. 

The method of treatment is that of the orthodox text- 
book, and there is very little that calls for special remark. 
They differ mainly from other element^ text-books 
inasmuch as they are brought quite up to date, especially 
in electrical matters. The 300 diagrams which are dis- 
tributed throughout the text, though not of a hi^h order 
of excellence, will do much towards enlightening the 
minds of those who read the books. 

Though not designed to suit the syllabus of any 
examining body, they are well adapted for students 
preparing for the Science and Art Department examin- 
ations. 

Seaside and Wayside, By Julia ^ McNair Wright. 

(Boston : D. C. Heath and Co., 1888.} 

This little volume is the first of a series of ^‘Nature 
Readers,” intended for the use of beginners in reading. 
As a rule, the authors of reading-books take little trouble 
to excite the interest of children. Their object is to bring 
together a number of simple sentences, and they seem to 
be indiflfcrcnt whether the sentences express sense or non- 
sense. In the present ^es an attempt will be made to 




€<>nvty^ through reading-lessons, some of the more 
ettracme elementary facts of actence ; and, if we may 
judgOihmt the degree of success attained In “ Sea-side 
and Way-side,” the volumes are likely to be cordially 
Ivekomed in many prima^ schools in England as well as 
fn the United States. The author has taken, as the 
siibjects or%er lessons, crabs, wasps, bees, spiders, and 
sheil<^h ; and she has contrived to put into the simplest 
dhd most direct language a great deal of really useful and 
entertaining information. Almost all children And some- 
thing to interest them in what they are told about the 
habits of animals, and it is not improbably that these 
bright and pleasant lessons will implant in a good many 
young minds the seeds of an enduring love of natural 
ni story. 

Reminiscences of Foreign Travel. By Robert Crawford. 

(London : Longmans, Green, and Co., 1888). 

Mr. Crawford is already favourably known as the 
author of “Across the Pampas and the Andes." The 
present volume will maintain his reputation as a traveller 
who knows how to observe what is most significant in the 
couttMnes he visits, and who possesses the faculty of re- 
producing his impressions in a lively and attractive 
narrative. His reminiscences relate to Canada, Austria, 
Germany, Sardinia, Egypt, Algeria, and various other 
lands ; and in every chapter he records something that 
most readers will find fresh and interesting. The most 
instructive sections of the book arc, upon the whole, those 
relating to Canada and Algeria. 

LETTERS TO THE EDITOR. 

[ 7 %« Editor does not hold himself responsible for opinions 
expressed by his correspondents. Neither can he under- 
take to return, or to correspond vsith the writers of 
rejected manuscripts intended for this or any other part 
Nature. No notice is taken of anonymous communi- 
cations i] 

Dr. OigUoli and Lepidosiren. 

Dr. GrOLioiJ asserts, in his interesting letter published in 
the Inst issue of Nati^re (p. 102), that the Lepidosiren whose 
capture he records is “the fifth specimen known." Reference 
to his earlier remarks (Nature, vol. xxxv. p. 343), concerning 
that which he regards as “ the fourth known " specimen, shows 
that while he has acknowledged the examples of Nattercr and 
Castlenau, he has apparently overlooked that of Bibron and 
H. Milne- Ed wards, recorded in 1840. Readers of Nature 
interested in this wonderful creature, now apparently verging on 
extinction, will find a resuml of all that is topographically 
important concei’ning the last-named and the three, previously 
recorded specimens in the Zoolog Jahib. for 1887 (pp. 575 to 
583). For this welcome communication, to which a full biblio- 
mphy is appended, we are indebted to Dr. G. Baur, of Yale 
CoDege Museum, U. S. A. It forms one of the series of historical 
miscellanea with which he has enriched our recent literature ; 
and, if the conclusions at which he (in common with Briihl) 
arrives are sound, Dr. Giglioli's “fifth" specimen will be in 
reality a sixth. 

Zoologists in general will unite in congratulating Drs. Rodrigues 
and Giglioli upon their recent acouisition ; and while hoping for 
a repetition of the same, they will eagerly await the results of 
the promised “future study.” G. B. Howes 

South Kensington, June 2. 


“ A Text-book of Biology." 

Will you allow me to point out that the reviewer, in your issue 
“PPWentlymisunderstands the object of my 
, Text-book of Biolo^ ? The work is not meant to supplant 
lectures, m to aid them , by reducing for the student the wearisome 
ttbour of note-taking, and by enabling the teacher to enlurge 
where neceesuTy, anti to treat the subject from other points of 
vfeiy, rahnihg meanwhile less risk of addressing an euSience of 
toiere sdribblitg-mnchines. 

The riSView also im|>lies that a pteviously published ^rk 


Covers the samb ground ee the present book. Thic, Ik 

not the case, as my book deals wtUi the BoMtyM wetf da with fbe 
Zoology of the course, 

1 cannot but thhdc that the reviewer is led by his ehtlfti^lOte 
into the comihott tmstake 6f demanding that the 
man shall fbltow the same course as tlw specialist, I shpMe 
that the University of London prescribes at the IntewnedUda Pass 
stage a portion, not too small, of Biology, which shall torm part 
of a general course of science adapted to the average studebt. and 
to iM time at his disposal; perhaps your reviewer Vrill xtttdly 
explain, less vaguely, whnt other mtem he would propose to 
substitute ? J. R. Ainsworth Davis. 

Aberystwyth, May 24. 

Reaiataace of Square Bara to Torsion. 

The attention of writers on Applied Mechanics should be 
called to the error continuously repeated in about thirty editions 
of the late Prof. Rankine's dinerent works whidi have appeared 
during the last thirty years. The error is still reproduced in 
quite recent works of other writers: Prof. Ewing’s article, 
“ Steam-Engine," in the Encyclopeedia Britannica ; Prof. 
Unwin’s “ Elements of Machine Design " ; Prof. Alexanders 
•* Elementary Applied Mechanics " ; &c. 

It is stated that the moment of resistance of a square bar to 
torsion appears from Saint -Venant’s investigations to be — 

0-281 fh ^, 

where/ = maximum intensity of stress, and A = side of the 
square. ’Phis formula is also quoted at discussions of Institu- 
tions of Engineers and accepted without dissent. It is easily 
seen to be wrong, because the moment of torsion of a ronnd bar 
of equal area is only 

o -282 /A*. 

The error is reproduced In the text of Prof. Cotteriil's “ Applied 
Mechanics," but is corrected in an appendix, where the author 
says Rankine gives the formula without further explanation. 
The explanation is that on the old theory the torsional moment 
of inertia was— 



which had to be multiplied by the maximum Intensity of stress 
and divided by the corresponding radial distance — namely, from 
the centre to the middle of the side, giving the moment of 
resistance 

3 

on the old theory. (Rankine was aware that the imutiimim 
stress does not occur at the angles, as in Coulomb’s method. ) 

Now, in Saint -Venant’s “Memoire," the torsional rigidiiv of a 
square bar is proved to be the fraction 

0843 

of the fallacious result of the old theory. Rankine accordiilgty 
wrote 

0 843 X = 0-38i/i> 
as the true moment of torsion. 

But the torsional rigidity determines the amount of twisty and 
not the maximum stress. A few pages farther on, Saint- Venant 
gives the correct formula, equivalent to 

It seems strange that the taljirted author of the expretthw dis- 
tinctions strain and stress shonld himself have taken thefommta 
for the strain instead of that for the stress. The teaaoa m, 'tlutt 
up to that date (Todhunter's “ History of Elasticity") the skMdn 
and stress were supposed to be proportional to each other. 

Saint- Venant’s researches are given in Sir 
William Thomson's article “ Elasticity," in th6 Encydopsadia 
Britannica, Thomson and Tait’s “ Natural Philosophji;.^ and 
MlwhmV; Statics." Strange that in all d( these i^nihod 
is given which deterthines Sie strain to be 0*841 df the old 
fallacy, while nothi^ is said about what is of mote impoekmoc 
***J^P^ ™ Mectoics, the maximum nor the turned 
os given above. 

Perhaps this hint may he attendkd to in fittnre ediikMbtf 

'' T X' 
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TS£ <S£ 0 LOGICAL STRUCTURE OF SCANDI- 
NA VIA AND THE SCOTTISH HIGHLANDS. 

T he obvious connection and analogy between the 
get^ogical structure of the crystalline rocks of the 
Hlglllaiiids of Scotland and those of Scandinavia have long 
en^ilged the attention of geologists. Among the northern 
obsenw to whose labours we are largely indebted for 
our knowledge of the Scandinavian regions^ Ur. A. E. 
Tdmebohm has proved himself a keen and indefatigable 
explorer of the Swedish uplands. Many years ago he 
showed that above clay-slates and limestones, with re* 
cognizable Silurian fossils, there lies a great thickness of 
quartzites, gneisses, and schists, called by him the Seve 
group. In more recently studying the relations of these 
rock-masses, he encountered some great difficulties, of 
which he sent me at the time an account. I 
could not pretend to solve them, but suggested, as 
at least a working hypothesis, that the Scandinavian 
structure might be fundamentally similar to that now 
recognized as characteristic of the North-West High- 
lands, where the apparent conformable superposition 
of a series of schists upon fossiliferous Lower Silurian 
strata has been produced by great terrestrial displace- 
ments, whereby the overlying rocks have been crushed 
and deformed, until they have assumed a new crystalline 
structure along the planes of movement, these stupendous 
changes having occurred at some time subsequent to the 
Lower Silurian period. I have recently received from 
Dr. Tttrnebohm the following letter, which he gives me 
leave to publish, and which will no doubt be read with 
interest by those who are aware of the recent progress of 
research in this subject : — It will perhaps interest you 
to learn that your suggestion four years ago regarding the 
construction of our Scandinavian fjelds has turned out to 
be correct, at least in my opinion. My late researches 
have little by little driven me to the conclusion that the 
crystalline schists belonging to what I have called the 
*' Seve group * have been placed over Silurian strata by 
an enormous eastward thnjsL I admit that I have most 
reluctantly come to this conclusion, knowing that it 
implied a horizontal thrust of enormous masses of rock 
for more than too kilometres. Such a stupendous move- 
ment of entire mountain-regions is hard to realize ; but 
facts are stubborn things.” 

It will be observed that Dr. Tdrnebohm speaks of the 
movement having been towards the cast, whereas in the 
north-west of Scotland it has been in the opposite direc- 
tion. In a more recent letter, in reply to one in which I 
had called his attention to this difference, he says; — 
“ Though in Scotland the great thrusts are westward, in 
Scandinavia it is quite the reverse. Here the chief 
movement has been to the cast or south-east. In the 
region of Trondhjem, indeed, there have been lesser 
movements towards the north-west, but these may 
have taken place somewhat later. At least I rather 
stiuipect this, but am not prepared positively to affirm it.” 
I may remark that in Scotland also there are districts 
where the thrusts have not come from the normal direc- 
tion but from the westward. In the Island of Islay, for 
examine, 1 recently found the limestones and quartzites 
piled up by aharply-cut thrust-planes which had a general 
inclination at lower angles than the displaced 
siratiu One of* the great problems in worlring out the 
c 0 wipU<jated geology of ^e HigWands is the determina- 
tion of the positions and extent of such thrust- planes, and 
the direction in which the displaced rock-masses have 
hOw inovod. There can be little doubt that much mutual 
in thix research will be gained by a co-operation 
geologists who are engage hi the study 
of these problems In Scotland and, in Scandinavia. 


TIMBER, AND SOME OF ITS DISEASES} 
VIII. 

T here is a large and important class of diseases of 
standing timber which start from the cortex and 
cambium so obviously that foresters and hdrticulturists, 
struck with the external symptoms, almost invariably term 
them "diseases of the bark*'; and since most of them 
lead to the production of malformations and excrescences, 
often with outflowing of resinous and other fluids, a sort 
of rough superficial analogy to certain animal diseases has 
been supposed, and such terms as " canker,” " cancer,” 
and so forth* have been applied to them. 

Confining our attention to the most common and 
typical cases, the following general statements may be 
made about these diseases. They usually result from im- 
perfect healing of small wounds, the exposed cortex and 
cambium being attacked by some parasitic or semi- 

f )arasitic fungus, as it tries to heal over the wound. The 
ocal disturbances in growth kept up by the mycelium 




tpr. 



Fig. 98. — Piece of ircc stem nffcctcd with “ canker,” The injury oon 

after the two inner /onei of wood (land 2) had been dcvolopecf ; it extended 
further in successive periods of growth, as shown by the receding zones 
3, 4, 5, and 6, until all the cambium and cortex was destrt>y«d except the 
pieces D to D. Cam, cambium ; Cor, living cortex ; D D, dead tisauiML 
At each period of growth the attempt has been made to heal over the 
wound, ns sJiowm by the mccessively receding lips. 

feeding on the contents of the cells of these tissues lead 
to the irregular growths and hypertrophies referred to ; 
the wounds are kept open and " sore,” or even extended, and 
theie is hardly any limit to the possibilities of damage 
to the timber thus exposed to a multitude of dangers. 

In Fig. 28 is represented a portion of a tree stem 
affected with ‘‘ canker ** ; the transverse section shows 
the periods of growth numbered i to 6 from within out- 
wards. When the stem was younger, and the cambium 
had already developed the zones marked i and 2, the 
cortex suffered some injury near the base of the dead 
twig, below the figure i. This inju^ was aggravated by 
the ravages of fungus-mycelium, which penetrated to the 
cambium and destroyed it over a small area : in conse- 
quence of this, the next periodic zone of wood (marked 3) 
is of course incomplete over the damaged area, and the 
cortex and cambium strive to heal over the wound by Up- 
like callus at the margins. The healing is prevented, 
* from p. itt. 
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however^ by the mycelium, which is continually extending 
the area of injury : consequently the next zone of wood 
(4 in the figure) extends even a shorter distance round 
the stem, and so on with 5 and 6, the cambium being 
now restneted to less than half round the stem — ix. from 
D to and the same with the living cortex. Of course 
the injured |irea extends upwards and downwards also, 
as shown by the lips of the healing tissue. As soon as 
the injury extends all round, the stem dies— it is, in fact, 
ringed. It is also interesting to note that the zones 4 and 
5 (and the same would be true of 6 when completed) arc 
thicker than they would have been normally: this is 
partly due to release from pressure, and partly to a 
concentrated supply of nutritive materials. 

Much confusion still exists between the various cases : 
some of them undoubtedly are due to frost or to the 
intense heat of direct insolation ; these are, as a rule, 
capable of treatment more or less simple, and can be 
hesJed up. Others, again, can only be freed from the 
irritating agents (which, by the bye, may be insects as well 
as fungi) by costly and troublesome methods. 

I shall only select one case for illustration, as it is 
typical, and only too well known. As examples of others 
belonging to the same broad category, I may mention the 
“canker” of apple-trees, beeches, oaks, hazels, maples, 
hornbeams, alders, and limes, and many others ; and 
simply pass the remark that whatever the differences in 
detail in the special cases, the general phenomena and 
processes of reasoning are the same. 

Perhaps no timber disease has caused so much conster- 
nation and difference of opinion as the “ larch-disease/' 
and even now there is far too little agreement among 
foresters either as to what they really mean by this term, 
or as to what causes the malady. The larch, like other 
timber-trees, is subject to the attacks of various kinds of 
fund and insects, in its timber, roots, and leaves ; but the 
well-known larch-disease, which has been spreading itself 
over Europe during the present century, and which has 
caused such costly devastation in plantations, is one of 
the group of cancerous diseases the outward and visible 
signs of which are manifested in the bark and young 
wood. 

The appearance presented by a diseased larch-stem is 
shown in Fig. 39. In the earlier stages of the malady the 
stem shows dead, slightly sunken patches, of various 
sizes on the cortex, and the wood beneath is found to cease 
growing : it is a fact to be noted that the dead base of a 
dried-up branch is commonly found in the middle of the 
patch. The diseased cortex is found lo stick to the wood 
below, instead of peeling off easily with a knife. At the 
margins of the flattened patch, just where the dead cortex 
joins the normal living parts, there may frequently be 
seen a number of small cup-like fungus fructifications 
(Fig. 29, b)^ each of which is white or gray on the outside, 
and lined with orange-yellow. These are the fruit-bodies 
of a discomycetous fungus called Peziza WillkommU 
(Htg.), and which has at various tinies, and by various 
observers, received at least four other names, which we 
may neglect. 

In the spring or early summer, the leaves of the tree 
arc found to turn yellow and wither on several of the twigs 
or branches, and a flow of resin is seen at the dead patch 
of cortex. If the case is a bad one, the whole branch or 
young tree above the diseased place may die and dry up. 
At the margins of the patch, the edges of the sounder 
cortex appear to be raised. 

As the disease progresses in succeeding years, the 
merely flattened dead patch becomes a sunken blistered 
bole from which resin flows : this sinking in of the de- 
stroyed tissues is due to the up-growth of the margins of 
the patclu and it is noticed that the up-growing mai^n 
r.H:edes uirthor and further from the centre of the patch. 
If this goes on, the patch at length extends ah roimd the 
stem or branch, and the death of all that lies above is 


then soon brought about, for, since the young wood and. 
cambium bez^th the dead cortex are also destroyed^ the 
genera] efiect is to ** ring the tree. 

To understand these symptoms better, it is necessary 
to examine the diseased patch more closely in its various 
stages. The microscope shows that the dead and dying 
cortex, cambium, and young wood in a small patch, contain 
the mycelium of the fungus which gives rise to the Cup- like 
fructifications — Pzz/za referred to 

(Fig. 30) ; and Hartig has proved that, if the spores of this 
Peziza are introduce into the cortex of a healthy living 
larch, the mycelium to which they give rise kills the celts 
of the cortex and cambium, penetrates into the young 
wood, and causes the development of a patch whlcn 
eytryont would recognize as that of the uu-ch-disease. 
It is thus shown that the fungus is the immediate cause 
of the patch in which it is found. 

The next fact which has been established is that the 
fungus can only infect the cortex through some wound or 
injury — such as a crack or puncture — and cannot pene- 
trate the sound bark, &c. Once inside, however, the 
mycelium extends upwards, downwards, sideways, and 
inwards, killing and destroying all the tissues, and so 
inducing the outflow of resin which is so characteristic of 
the disease. The much-branched, septate, colourless 



Kic. 3g.—Po-^tion of stem of a young lardi a/Tectod with the larch-diMAce, w 
indicated by the dead " cancerous *' patch of cracked cortex, « ; at ood 
near the nmivins of the patch are the small cup-like fructifications of 
Ptuita WillkommU (Htg.), which spring from mycelium in the dead and 
dying cortex and cambium oeneath. (After Hess.) 

hyphse can penetrate even as far as the pith, and the 
destroyed tissues turn brown and dry up. 

After destroying a piece of the tissues in the spring, 
the growth of the mycelium stops in the summer, the 
dead cortex dries up and sticks to the wood, and the 
living cortex at the margiris of the patch commence to 
form a thick layer of cork between its living cells and the 
diseased area. 

It is this cork-formation which gives the appearance of 
a raised rim around the dead patch. It has long^been 
known that the patches dry up and cease to spread in the 
dry season. It should be pointed out that it is one of 
the most general properties of living parenchymtous 
tissue to form cork-ceth at the boundaries of an injury : 
if a slice is removed from a potato, for instance, the cut 
surface will be found in a few days with several layere 
of cork-cells beneath it, and the same occurs at the cut 
surface of a slip, or a pruned Iw^ncfa,-— the “ callus ** Of 
tissue formed is covered with a layer of ewk* 

If it is remembered that the cambium and young wood 
are destroyed beneath the patch, it will be at once clear 
that in succeeding periods of growth the annual rihg«. ^ 
wood will be deficient beneath the patdb. 

Next year, the cambium in the healthy parts cf tte 
stem b^lns to form another ring 1 hut the fbngai 
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myc^uini awakens to renewed activity at the same time, 
and spreads a little further upwards, downwards^ and 
sideways^ Us hyphae avoiding the cork-layer and travers- 
ing tl^ young wood and cambium below. During this 
second spring, therefore, a still larger patch of dead tissue 
-cortex, cambium, and young wood— is formed, and the 
usual cork-layer describes a larger boundary. Moreover, 
since the cambium around the, as yet, undiseased parts 
has added a further annual ring — which of course stops 
at the boundaries of the diseased patch— the centre of 
the patch is yet more depressed (cf. Fig. 28). 

And so matters go on, year after year, the local iryury 
to the timber increasing, and ultimately seriously affect- 
ing, or even bringing to an end, the life of the tree. 

At the margins of the diseased patches, as said, the 
fungus at length sends out its fructifications. These 
appear at firk as very minute cushions of mycelium, from 
wnich the cup-like bodies with an orange -coloured lining 



Fig. 30. —A, vertical section (magnified) tlirougb the dead cortex of a larch, 
infected wiih the mycelium (rf) of tViBkafttwii (Hxg.), which is 
develofnng iu frucciAcatiomt (a and £). The mycelium fill* op the gaps 
in the cortex, with a white felt-work, n is a boss like cushion of this 
foU-workburstiiis forth to become a cup-like fructification the mature 
Pw'Ma fructificavion (in section) ; c, its stalk ; r, the margins of the cup ; 
A, the layer of spore-sacs (arr/). B, four of the asci from A, very highly 
magnified. «, halHike barren filaments between the asci ; c, a fully- 
developed ascue, containing the eight spores ; an ascus emptied of 
qmres (they have escaped through the hole at the apex) ; a young 
aacus in which the spores are not yet formed : to the left below is a small 
one atill younger. (After Hartig and WlUkomm.) 


arise : the structure of this fructification is best seen from 
the illustration (Fig. 30, A). The orange-red lining (A) is 
really composed of innumerable minute tubular sacs, each of 
which is termed an asa^s, and contains eight small spores ; 
as seen in the figure (Fig, 30, B), these asci stand upright 
like the pile of velvet lining the cup. They are formed in 
enormous numbers, and go on ripening and scattering the 
spores day after day. Tnerc are many interesting details 
connected with ths development and structure of these 
frucUflcaiions and spores ; out vre may pass over these 
particulars here, the chief point for the moment being 
that very large numbers the minute spores are formed, 
and scattered by the wind* rain, animals, &c. Moreover, 
m already stated, it has been shown by experiments that 
the vDores will infiect the stem of the larch if they are 
httmduced Into a w^und j but it is important to notice 
cannot the sound cortex. 


events, infection of the larch can take place to any great 
extent ; for, unless this is the case, we cannot reconcile 
the above peculiarities of the fungus with the prevalence 
of the disease. 

It must be borne in mind that the larch is an Alpine 
tree, growing naturally at an elevation of from about 3000 
to 6000 feet above sea-level, and even more. In its native 
heights, both the larch-disease and Pezisa Wtllkommii 
occur associated as we have described them, but the 
malady does not become epidemic, as it has done in the 
valleys and plains of Europe. 

Several insect-enemies of the larch are known, some 
of which fe%d on the buds, and others on the leaves, 
&c. : it is not impossible that insect- wounds may serve 
occasionally as points of entry for the fungus. 

But attention should be directed to the remark made 
when describing the symptoms of the disease — namely, 
that a dead branch often springs from near the centre Oi 
the patch. Now it is a well-known fact in the hill-forests 
of Switzerland, Germany, Austria, &c, that heavy falls 
of snow often load the branches until they bend down to 
the ground, and the bark in the upper angle where the 
branch joins the stem is ruptured ; similar cracks are also 
caused by the bending down of the branches under the 
weight of water condensed from mists, &c. If a spore 
alighted near such a place, the rain would wash it into 
the crevice, and it would germinate in the moisture 
always apt to accumulate there. This certainly account's 
very completely for the situation of the dead branch, 
which of course would at once suffer from the mycelium. 
Another way in which such wounds as would give access 
to the parasite might arise, is from the blows of hailstones 
on the still young and tender cortex. 

But probably the most common source of the crevices 
or wounds by which the fungus gains an entry is frost ; 
and to understand this wc must say a few words as to 
what is known of the larch at home in its native Alps. 

It is well known, since Hartig drew attention to the fact, 
that in the high regions of the Alps the trees begin to 
put forth their shoots very late : the larch in the lowlands 
of Germany and the British Isles often begins to shoot at 
the end of March or beginning of April, whereas in the 
mountains it may be devoid of leaves in May. This is 
because the transition from winter to spring is very sud- 
den on high slopes, whereas in the lowlands and valleys 
it may be very gradual The consequence is that in the 
Alps, when the buds once begin to open they do this 
rapidly and vigorously, and the tender leaves and shoots 
are quickly formed and beyond the reach of those late 
spring frosts which do so much damage in our countr)' ; 
in the lowlands, on the contrary, the leaves slowly deve- 
lop at a time when late frosts are very apt to recur at 
night, and th^ are for several weeks exposed to this 
danger ; and if a sharp frost does come, the chances are 
that not only will the first output of tender leaves be 
killed off, but the whole shoot suffers, and frost- wounds 
are formed in the young cortex. 

Another point comes into consideration also. In warm 
damp valleys the whole tree is apt to be more watery, 
and it is well known that the soft tissues, like the cortex, 
suffer more from frost when filled with watery sap, than 
do harder, drier, more matured ones. It has been shown, 
according to Sorauer, that dead patches, exactly like those 
which characterize the larch-disease in its early stages, 
can be artificially produced by exposing the stem to 
temperatures below zero, so as to freeze the water in the 
cells. 

Given the above conditions for producing frost-wounds, 
then, and the presence of spores of Pzziza Wilikommit^ 
there is no difficulty in explaining the well-known 
pbenomeBa of the larch^disease. 

But Hartig has brought to light some other facts of 
great importance in considering this admittedly com- 
plex question. We have already stated that the Pniza 



1 jjQ NAT{/Ji£ [yum % , 


dofK occur a± the margin$ of the wounds in the Alps 
where is native. In these higher regions^ how- 

evoTf tliM air is usually dry during periods of active growth 
and the young fructifications of the fungus are particularly 
M^thre to drought ; consequently, even when many 
scattered trees are infected, the cups developed at the 
edges of the |rounds are apt either to dry up altogether, 
or to produce relatively few spores, and these spores have 
fewer chances of germinating. In fact, the fungus enjoys 
at best a sporadic existence, chiefly a^ the bases of trees 
where the herbage affords a certain degree of dampness. 

When the larch was brought down to the plains and 
valleys, however, and planted in all directions ever large 
areas, the Peaiiza was also brought with it ; but it will be 
clear from the foregoing discussion that the climatic 
conditions were now proportionally raised in favour of 
the fungus, and lowered to the disadvantage of the larch. 
Plantations in damp valleys, or in the neighbourhood of 
the sea, or of large lakes, were especially calculated to 
suffer from frost, and the damp air favoured the propaga- 
tion of the fungus, and the disease tended to become 
epidemic. The enormous traffic in larch plants also 
s^vrs how man too did his share in spreading the epi' 
demic ; and in fact the whole story of the larch-disease 
is of peculiar interest biologically, as illustrating the risks 
we run every day.in trusting to the chapter of accidents 
to see us safely through any planting undertaking, no 
matter how great the stake at issue, or how ruthless the 
interference with those complex biological and physical 
conditions which always play such an important part in 
keeping the balance in the struggle for existence between 
air organisms living together. 

Let us now very shortly see what arc the chief lessons 
taught us by the bitter and costly experience which the 
lar^-disease brought to foresters. It is evident that the 
larch should not be planted at all in low-lying situations 
exposed to late frosts ; and even in more favoured valleys 
experience points to the advantage of mixing it with other 
trees : large areas of pure larch are planted at enormous 
risk in the lowlands. 

As to the treatment of trees already diseased, it is 
possible (when it is worth while) to remove diseased 
branches from trees of which the trunk and crown arc 
healthy, but it hardly needs mention that such diseased 
branches must be burnt at once. As regards trees with 
the stems diseased — in those cases where the patches are 
large, and much resin is flowing fromi the wounds, ex- 
perience points to the advisability of cutting them down. 
In those cases where the tree is already very large, and 
the diseased wound but small, it may be expedient to let 
them alone ; theoretically they ought to go, or at any mte 
the diseased tissues be excised and burnt ; but it seems 
to be proved that such a tree may go on forming timber 
for many years before the wound will spread far enough 
to reduce -the annual increment below the limits of profit, 
and we all know the view a practical forester will take of 
such a case. At the same time, it i^ the duty of the man 
of science to point out that even such a tree is a possible 
source of danger to its neighbours. 

H. Marshall Ward. 

( 7 b Be continued) 


MARINE BIOLOGY AND THE ELECTRIC 
LIGHT 

T he Liverpool Salvage Association, with their u^t 
liberality, placed their famous old steamer the 
Hyam cxict more at the service of the Liverpool Marine 
Bioloffy Committee this Whitsuntide^ for a three 
diedipng expedition. Paring the three former biologM 
endm ^the Hytenn in iS$ 5 , i& 86 , and 1S&7, the 
exploded has bem the southern part of the L,M.B.C dhi* 


trict, around the coasts of North Wales and Aftfleae^ 
(see Fig). 

On the present occasion the Committee decided to nm a 
couple of lines of soundings and dredgings between the 
Mersey and the Isle of Man, and to spend some tittjke 
dredging round the southern end of tWt island ; the 
eneral objects being (i) to get some knowledge of the 
epths, bottom, and animals, across the eastern half Of 
the Irish Sea, and (2) to investigate the rich fauna living 
around the ^ Calf" and south end of the Isle of Man. 

About 7 a.m. on Saturday morning, May 19, the 
Hycma left the Liverpool landing-stage, with a party of 
nearly twenty biologists on board, and provided with 
dredges, trawls, tow-nets, sound ingdine, deep-sea reversing 
thermometer, microscopes, and the other necessary instru- 
ments, dishes, bottles, and reagents. After the well-known 
sand-banks round the mouth of the Mersey had been 
passed, soundings and bottom temperatures were taken 
occasionally, and several times during the day a stop was 
made for trawling, dredging, and tow-netting. A fair 
amount of material, including some interesting larval 
forms, was obtained, and for the most part preserved for 
further examination. No greater depth than 23 fathoms 



M«P of ih« L.M B.C. District, •howm* tlie c •urn* of the Hvantt in 1885, 
1887, and 18B8. w. HUbre leland ; r. Puffin laland ; r, Ramsey : 
D, Douffias ; K. Port Erin ; c, the Calf. 


was, however, met with ; and there was nothing specially 
noteworthy amongst the animals dredged, so far as could 
be seen at the time. 

It had been intended to anchor for the night in Douglas 
Bay, but during the dredging and trawling the vessel had 
drifted so far out of her course that when evening caune 
It was found advisable to run for Ramsey. Here half tht 
party went on shore for the night, the rest staying cm 
board for the electric light experiments which wifi be 
described farther oa 

On the following morning an early start for the south 
was made, and the rest of the party was picked up at 
Dou^s, and thMi the work of the day commenced^ 
The Hyana steamed slowly round Uie east and south 
coasts of the i^and to Fort Erin, dredging and tovNnetttng 
at intenrais. whhr verv good tesuks. When a ttofi wae 
made for collecting, the fsllest advantage was pf it 
Thx SQundwg-hite and deep-sea tbermometer were 
amM^hipi, and two dredges, a large bottom towvnet and 
one settee tow^ets^^^ put out astern, olte 

deep toweset, dented and worked by Mt W> & HeMOlecv^ 
waa no weigted.iOrd hmfti as m wodc. «teldilf ;at>a 
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tBHaACo of a foot or »o above the sea-bottom, and it 
yielded a large amount of material, which was in some 
eases conspicuously different from the contents of the 
sttirfisce nets, worictm by Mr. L C. Thompson during the 
StKtue time. 

h large area of the sea- bottom between Port Soderic 
attd Port St. Mary is apparently covered by masses of 
MiMesia calcccrea and the dead valves of Pectunculm 
and incrusting Polyzoa are especially abundant 
UMaboth the Nullipore and the shells. Mr. J. Lomas, 
has charge of the Polyzoa, infonns me that amongst 
a number of other rare forms he has identified Stomatopora 
johmtoni and S. incrassatay TubuHpora iobulaia^ Licneno-- 
p &m frispiday Ceiltpora diekotomat Membranipora aurita^ 
and a peculiar variety of C^iiaria Jistulosa. 

Towards evening three very successful hauls of the 
dredge wiere made, which covered practically all the 
ground in a line from the southern end of the Calf” to 
tae northern side of Port Erin Bay, just under Bradda 
Head. Amongst the material obtained in these hauls 
the following species were noticed : Astehus glaciafisy 
S&iasttr endecay Stichasttr roseusy Porania putvillusy 
Lnidtu fragiiissimay Aniedo/t rosctceusy Ebalia sp., Xmiiho 
Bix^^P/eHfvbran^Aus membranaceuSyAscidia v€nosayAscidia 
piibeia^ Corella paralislogramnuiy Polycarpa sp., Lepto- 
cUnum sp., and other Compound Ascidians. 

In Port Erin Bay after dark the electric light was again 
used successfully in the bottom and surface tow-nets. 

On the third day an early start was again made, with 
the object of leaving time to run down into the deep water 
lying to the south of the Isle of Man. Unfortunately, 
however, a thick fog was encountered, which hampered 
our movements during the morning and changed all the 
plans for the day. After passing the Chicken ” Rock, the 
Hyana steamed slowly for Liverpool, and reached the 
Mersey about i a.ni. on Tuesday. A few hauls of the 
trawl and dredge were taken on the way home, with no 
great results, and the tow-nets, both bottom and surface, 
were worked whenever practicable. 

The important feature of this cause, however, was the 
use which was made of the electric light for collecting 
alter dark. C n the first night, in Ramsey Bay, after the 
shore party had left and the ship was anchored for the 
night, an electric light of 1000 candle-power was 
lu&t^ a few feet above deck, and this allowed work 
to be carried on almost as comfortably a$ during the day. 
Captain Young, of the Liverpool Salvage Association, 
who was in command of the Hyanay then kindly arranged 
for me a 60 candle-power Edison-Swan submarine in- 
^ndescent lamp in the mouth of a tow-net. This illum- 
inated net was carefully let down to a depth of 3 fathoms, 
and allowed to remain there for half an hour. At the 
sajwe time, another tow-net without any light was let down 
to the same depth over the opposite side of the ship. 
When the nets were being hauled in, as the one with 
the electric light approach^ the surface numerous small 
animals (Crustacea probably) were noticed accompanying 
it, and darting about in the bright light. This tow net, 
when emptied into a glass jar of sea- water, was found to 
contain an abundant gathering, consisting mainly of 
Crustaceans ; while the net in the dark on the other side 
of the ship had practically nothing. 

The two nets were then put out again. The one had 
the electric light in its former position, but this time it 
was let down to the bottom at a depth of 6 fathoms ; 
while the other net was placed in the dark at the ship's 
stem, and also reached the bottom. The tow-nets re* 
mahied stationarv, but were kept distended by the tide. 
HMtOvtiuie of the illuminated net could be made out 
indlsdymthr at a depth of 6 huhoms. After being out for 
fhpSfH|uatters of an hour, both nets wore haolea m, with 
the siB#a ^ult m he^cm the Ittuimiuated net contamed 
of Gruatacne fehieff y ^Ai^hipoda, Schisopoda, 
Pmacea)^ while %b)& dixU net egatn contuned 


practically nothing. These two mepenments showed 
pretty conclusively the effect of the 'brilliant l^ht in 
attracting the free-swimming animals^ the diflemnee 
between the contents of the two nets bmg on both 
occasions most marked. Consequently, on the second 
night, in Port Erin Bay, bobb nets were rUummOted, and 
while the one was let down close to the bottom, at a 
depth of 5 fathoms, the other was kept at the surface of 
the sea on the ppposite side of the ship. This experhnent 
was tried three times, with the same result each time : 
both the nets were found to contain abundance of 
animals, but the bottom and surface gatherings differed 
greatly iff appearance and in constitution. The net 
from the bottom contained mainly large Amphipoda, 
and some Cumacea, while the gathering from the sur- 
face was characterized by the abundance of Copepoda, 
As Mr. A. O. Walker, who is reporting upon our higher 
Crustacea, pointed out to me, the Amphipods from the 
deep net appeared to be chiefly red-eyed species, such 
as Ampelisca IcFingata and Baikyporda pilosa. If this, 
on a detailed examination of the material, turns out 
to be the case, it may indicate an interesting relation 
between the colour of the eyes and sensitiveness to the 
electric light. 

Mr. Thompson has already identified the following 
species of Copepoda from the illuminated surface net : 
Calanus finmarchicuSyPseudocalanus ehngatuSyDias longi- 
remiSy Idya furccduy Ceniropages hamatuSy Anoma/o~ 
cera patersoniiy Isias ciavipesy Oithona spiniftonsy 
Harpacticus cheli/eTy and Harpacticus fulvus. The 
specimens of the last two species are remarkable for 
their unusually large size and their abundance. 

The various groups of animals collected will as usual 
be worked up in detail by specialists, and the results will 
appear in future L.M.B.C. Reports; but the application 
of the electric light to marine biology, as a bait or 
attraction in the tow-net worked after dark, seems of 
sufficient importance to warrant the publication of this 
preliminary account of the results of the Hyana cruise 
of Whitsuntide The obvious extension of this 

illumination method to deep-water tow-netting and 
trawling during the day-time I hope, thanks to the 
kindness of the Salvage Association, to be able to 
experiment upon in a future expedition. 

W. A. Heruman. 


A RE.\rARKABLE CASE OF FASCIA TION IN 
FOURCROYA CUBENIS, HAW 

T here was lately exhibited in this city a plant of 
Fourcroya cubensiSy Haw., in which the well-known, 
tree-like inflorescence had been deformed into what I 
believe to be the largest fasciation on record. The plant 
came from Carapa, a small village distant about 4 miles 
towards the west from Caracas. Its aspect is given in 
the accompanying figure, engraved after a photograph. 

The stem of the plant, covered by the leaves, is about 
I metre in height. From between the upper leaves 
there branch out two flattened and curiously twisted 
bodies. The one to the left was soon checlud in its 
growth, so that it forms but little more than a semi- 
circle ; whilst the other, after having described a curve 
somewhat like a very large capital 8, rises to a height of 
about 4 metres from the soil. Both together have in 
the front view the appearance of a small boat with hoisted 
sail filled by the wind. The under and lower parts of this 
deformed flowe^stem are covered by numerous bracts, 
and measure 80 centimetres in their greatest breadth. 
Towards the top it divides into shred-like branches 
bearing flower^ds ; chose of the latter 1 examined being 
in every respect of normal stnicture- 
There can be htde doubt that, in this case, the malte- 
mation is due to some injury done to the young flower- 
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Stem, when it was scarcely i foot high, vestiges beit^ 
still visibie tbei It was bent towards the right and kept in 
this forced position by some of the leaves. The upward 
growth being thus checked^ numerous adventitious buds 
made their appearance on the injured organ, coalesced 
from the very outset, and formed by their subsequent 
growth the fosciated stem, the twisting resulting from the 
unequal rate of development of its component parts 
(Masters, “ Veget. Teratology,” i8). 



Fasciation is likely to be not at all uncommon in 
Fourcroya and other allied plants, though I know of but 
three cases in the former, and never heard of any in 
Agave. In 1854 a very curious case of this kind was for 
several months the cause of considerable excitement 
among the good people of Caracas ; it is described in the 
newspapers of the time as having been likewise twisted in 
the snape of a gigantic S. Another instancy came under 
my notice in 1876, and was described in the Journal of 
Botany of that year, p. 180. 

Caracas, April 19. A. ERNST. 


NOTES. 

The following were elected Foreign Members of the Royal 
Society, on Thursday, May 31 : Prof. Edmond Becquerel, of 
Paris, distinguished for bis researches on the effects of light on 
bodies, especially with reference to phosphorescence ; Prof. 
Hermann Kopp, of Heidelberg, for his researches on atomic 
volumes and boiling-points; Prof. Eduard F. W. PflUger, of 
Bonn, for his researches in physiology, especially in relation to 
irrUaWlUy of nerves, respiration, and animal heat ; and Profl 
Jfulius Sachs of Wurzburg, for his nsearches in botany, 
cspedaily vegetable physiology. 


The Board of Visitors tna^ their annual inspcctfoll uf tfca 
Royal ObeerVatory at Greenwich on Saturday last; 

The Vienna Comtpondent of the Times announoei tbal^ fo 
pursuance of a res^ution passed at a recent meeting, the VWha 
geologisU will Invite the International Geologists* Congraw, 
which will assemble in London In September, to hold its niiat 
meeting in Vienna* 

At a recent meeting of the iTioforia Royal Society, the 
President (Prof. Kerrot) announced that the first meeting cf the 
Australian Association for the Advancement of Science would 
be held at Sydney, beginning September 4, the second at Mel*> 
bourne, the third at Adelaide. The proposal that Victoria should 
join in the movement was favourably received, but at that 
meeting no action was taken in the matter. 

It will be seen from our list of the additions to the Zoological 
Society’s Gardens during the past week that a living specimen 
of Pallas*s sand grouse (Syrr^ffes parat/oxtts)^ the new visitor 
from Central Asia, has been presented by Mr. H. Hewart Crane, 
of Berwick «on’Tweed. It was captured at that place on May 25- 
The Tartar sand grouse seems to have appeared in Denmark 
and Scandinavia before making its appearance here. In the 
Island of Bornholm, in the Baltic, large flocks, numbering many 
hundreds, were seen early in May, some being shot, others 
captured alive. A few days later, birds were seen in varioas 
parts of Denmark and Sweden. In Norway a fiock of birds 
was seen at Lister, on the extreme west coast, on May 12, and 
two were shot, a male and female. Their crops were full of 
liny black seeds unknown to that country, whilst the eggs in the 
hen were far developed. During the immigration in 1863 these 
birds were seen as far north as Nordijord. In that year, too, 
many nested on the west coast of Jutland, where the soil is 
sandy, but they were all gathered by the fishermen. 

Prof, A. Graham Bell, who is now on his way to England, 
will shortly appear before the Royal Commission engaged in 
making inquiry as to the best methods of caring for and edneat* 
ing deaf-mutes. In announcing this fact, Seience reminds its 
readers that several years ago Prof, Bell presented a paper, at a 
meeting of the National Academy of Sciences, on the formatiofn, 
through the intermarriage of deaf-mutes, of a deaf variety of the 
human race, and gave some important statistics to show that a 
much larger percentage of the children of deaf parents are deaf 
than of those whose parents possess the sense of hearing. This 
paper attracted wide attention, and gave rise to very interesting 
discussions both in America and elsewhere. The Royal Com- 
mission has requested Prof, Bell to lay before it the results of his 
subsequent investigations and studies upon this branch of the 
subject, and he has devoted much time lo the preparation of 
facts and figures in regard to it. He will also give the Commis- 
sion the result of his studies of other divisions of the subject* 
According to Allm*s Indian Mailt Mr. Barrington Browne^ 
the geologist sent by the Secretary of State to examine the 
Burma Ruby Mines, has lefl Simla for England. He has^ it U 
understood, handed in to the Government of India his rep<^ on 
the mineral wealth of Upper Burma. 

The hydrographic survey of Canadian waters, which W 
already taken about five years. Is now nearly half doine, Cboa- 
mander Boulton is hard at work In Geotgian Bay, one of the 
most dangerous of inland waters In Canada, and it is said that 
the survey wUl be extended to Lake Superior, 

From September 15 to October 25 there will be in Vieesia an 
Intemadonid Exhibition of Amateurs* Photographs and Fhefo- 
graphic Apparatus. The Exhibition is being ovganlsed bjr^^ 
Vienna Club of Amateur Photographers, and will be 
honour of what is called the JuWlee ” of the Etnpew 

Joseph. It win Inclode every branch of art ax^ ttiahafoime 
I Gosnected with photography. The ChiVs Degum 
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of hononrable naention will be awarded to the best 
exhibfl or exhibit* in each class of photography, photographic 
a^iparatiia, lenses, &c*, provided the jury deem any exhibit or 
eachibita of oaffloient merit, From the decision of the jury there 
will be no appeal. The Club, as far as its funds permit, will 
purchase the most interesting exhibits. Amateurs have not to 
pay hire for the space allotted to them. On application they can 
obtain Che use of fiumes free of chatge. A catalogue will be 
published, possibly with illustrations of the most interesting 
objects. According to the statutes of the J. and K. Austrian 
Museum for Arts and Manufactures, admission will be free five 
days a week. 

The current number of the Board of Trade Journal contains 
an abstract of the third volume of the Reports of the Royal 
Commission appointed by the King of the Belgians in April 
1886 to inquire into the condition of labour in Belgium. The 
volume contains the piopositions of the various sections of the 
Commission with respect to th^ different questions relating to the 
condition of the working classes, and also the final conclusions 
of the whole Commission. The third section of the Commission 
dealt with technical education, and the conclusions adopted by 
the whole Commission arc as follow .* — (1) They recommend that 
in the technical schools practical lectures be given on the applica* 
tion of art and science to industry. (2) Manual dexterity should 
be cultivated in the elementary schools. A I the industrial schools 
the theoretical application of science to industry should be taught. 
(3) The Government should limit its action to providing grants 
for these schools, and fixing the p.^sition each school is to occupy 
in a proper gradation of educational institutions. (4) The local 
bodies should introduce manual exercises into the primary schools, 
and found more technical schools and schools of design and 
modelling. (5) The aid of the Government and the communes 
should be given conditionally on a minimum age l)cing fixed for 
apprentices, and on a test examination at entrance being made 
necessary. (6) The Government should aid in increasing the 
facilities by which workmen would get tccimical ins ‘ruction in 
subjects suited to their occupation. 

M. CoUMBARY, Director of the Imperial Meteorological 
Observatory at Constantinople, has published a pamphlet upon 
the climatology of that place, deduced from twenty years’ 
observations (1868-87). Hitherto, what has been known about 
its climate is mostly ov. ing to observations and summaries con- 
tained in the periodicals of the French Meteorological Society, 
commencing with the year 1847, and to the telegraphic reports 
in the French Bulletin International. M. Coumbary issued a 
monthly Bulletin in 1869, containing observations made at 
several places in the Ottoman Empire, but this was discontinued 
in *874. The present discussion shows that the mean tempera- 
ture U 57*7. The absolute maximum was 99® ! in August 
l88o* and the minimum if ^2 in January 1869, giving a range 
ofSa*. The French observations show greater extremes, but 
this i* probably owing to imperfect protection from radiation in 
earlier years. The greatest daily ranges were 57® ’8 in December, 
and 36® in March ; in other months the range has not exceeded 
#7*. ' The extremes are of course modified by the influence of 
the Black Sea ; it is not unusual for the thermometer at Odessa, 
for instance, to indicate 24” below the temperature at 

Constantinople. The mean annual rainfall is a8 inches, and 
the days of rain average 84. Snow falls on 14 days, on an 
avisiage. About three years ago the Sultan showed his interest 
in the subject by the establishinient of a second observatory in 
Ms .^ace at Yildis. Both institutions are famished with the 
M tnatminenU. 

, We received the twelfth Aimnal Report 6n the Meteoro- 
id Df: Ihdia, contaitting the observations taken in x886. It 
deals wiMi atfiurly the same area as last year, and is published in 


the form previously adopted. For fullness and thoroughness in 
the discussion of results, it remains unexcelled, and it includes, 
as before, monthly charts showing very clearly the mean pressure 
and temperature, and the resultant winds over the vast region 
embraced in the Report. Among the more important additions 
are an observatory at Mandalay, where the transitions of the seasons 
are said to be sudden, and earthquakes not infrequent, and a 
station on the Great Coco Island, in the Bay of Bengal, an island 
which is said to be destitute of drinking-water. The results show 
that in every month of the year 1886 the mean ''equilibrium 
temperature^of insolation throughout India was below the average 
of the last ten or eleven years by amounts var3ring from o®*8 to 
1® '8. The annual variations for the past seven years show a fairly 
well-marked periodicity, and suggest a slight variation in the sun’s 
radiating power. The rainfall is represented by 500 stations (14 
more than in the previous Report), and was characterized by 
several striking features. On the mean of the whole area there was 
an excess of 2 77 inches as compared with the averages for previous 
years. 

Three important new chlorine compounds of titanium have 
been obtained by Drs. Koenig and von dcr Pfordten, of Munich. 
They may be considered as chlorine derivatives of titanic acid, 
Ti(OH)4, and form the only complete series of such compounds 
with which we are as yet acquainted in the whole range of 
inorganic chemistry. They are formed, by the replacement of 
the hydroxyl groups by chlorine, and have therefore the follow- 
ing constitutions t TiCl(OH)g, TiCla(OH)4, and TiClgOH. 
The well-known tetrachloride of titanium, TiCIa, thus completes 
the series, and in reality formed the starting-point from which 
the three intermediate compounds were successively prepared. 
Trichloride of titanic acid, TiCljOH, was obtained by the 
careful addition of concentrated hydrochloric acid to the tetra- 
chloride in such proportion that the amount of water present in 
the strong acid was that required by the following equation ; 
TiCl^ + Hs ,0 = TiClsOH + HCl. The reaction is very violent, 
and a solid mass of the trichloride was almost instantly formed 
and considerably distended by the escaping hydrochloric acid 
gas. The substance was at once transferred to the vacuum of 
an air-pump, and after a few days was found to be entirely freed 
from last traces of the gas. The solid trichloride thus formed 
is extremely deliquescent, and readily dissolves with considerable 
hissing in water and alcohol, the aqueous solution being remark- 
ably stable. The dichloride, TiClg(OH)a, was prepared by 
addition of a slight excess of strong hydrochloric acid to the 
tetrachloride, and also by placing the latter compound in a small 
quantity of ice-cold water. In the latter case, the drops of 
TiCU are at first decomposed with loud hissing, which, as the 
drops continue to fall, gradually diminishes until a point is 
reached when a drop floats on tlie surface and remains un- 
attacked. This last drop is then removed, and the clear 
solution evaporated in vacuo, when the dichloride is left as a 
compact deliquescent solid. The monochloride, TiCl(OH)„ is 
the product of the action of moist air upon the tri* and 
di-chlortdes, hydrochloric add gas being at the same time 
evolved, in accordance with the following equations i 
TiClaOII + 2 HjO = TiCl(OH)s -b aHCl, 
TiCl,(OH)j + HjO = TiCl(OH)j + HCl. 

I The monochloride thus formed remains stable in air ; on evapora- 
tion over oil of vitriol 4 is obtained as a white solid, crystallizing 
I apparently in the hexagonal system, and very difficultly soluble 
in water. In conduston* the Munich chemists show very con* 
clustvely that these new substances are true compounds and no 
mere mixtures ; and, it may be added, the analyses, which must 
of necessity have been extremely difficult, are quite satisfactory, 

The British Consul at Mogador, in Morocco, in his lost report 
^ notes, in connection with the fisheries of the year, a curious 
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phenomeiuuk A fish looAlly called the ** taaaigeU ** ( Ttmmod^n 
laitaior) haa appeared in vast shoals, having 1<^ the waters 
,uavUlt«df save a few stray specimenst since 1859, It weighs 
from six to e^ht pounds, and has flesh of rich flavour, of which 
tha natives never seem to tire. It first appeared in large 
numbers early^in September, and from that time till December 
tbe flshermen were busily occupied taking them. The mode of 
mature is rather primitive. A piece of white rag or a strip of 
the skin of tbe tasorgeh itself is fastened to a large and often 
horhless hook, which in turn is tied by strong brass wire to tbe 
end of a short bamboo rod. When tbe bait is drawn rapidly 
through the water, the fish rises quickly to it. *l'he tasargelt 
was accompanied by shoals of tbe '‘axUmsah " or ^*maigre,'* a 
fish which frequently weighs as much as sixty or seventy pounds. 
The presence of these voracious fish ruined the ordinary hook* 
anddine industry. Though shoals of bonito appeared, only one 
small specimen was taken, for they refused to take any bait. 
Tbe sardine fishery was also a failure. 

The British Consul at Varna, in the course of his Report on 
the trade of his district for the past year, refers to the vineyards, 
and says that, though the Phylloxera has not made its appear* 
ance in these regions, there is a kind of insect pest which he 
believes to be peculiar to the Varna vineyards. Its ravages 
have been confined to certain areas, and the vine it attacks is 
disabled only for the year of the attack, and only to the extent 
of the particular shoots which it may lop off. The local name 
of the insect is Kara tertit or ** tbe black tailor,” an appellation 
which is supposed to indicate its appearance and habits. In the 
absence of local entomologists, Mr. Brophy describes this new 
pest as an adipose black beetle, somewhat resembling the 
ordinary dung-beetle, measuring, when adult, about three- 
fourths of an inch in body-length, and furnished with a short 
pair of shears ; with these, in the mornings of April and May, 
it cuts through and off the young vine-ihools, which it leaves on 
the ground until they are parched by the sun, when it drags 
them into the recesses of its deep end tunnelled hole, generally 
situated at the foot of the plant attacked. The vineyards chiefly 
affected are situated on ground near tbe sea-shore, whence the 
usect makes its way inland ; **and as the Kara ferzi does not 
appear to have obtruded itself upon tbe notice of the vine- 
growers by its obnoxious habits until comparatively recently, it 
may perhaps be fair to suppose that the temptation of green and 
succulent vine-shoots may, in the course of generations, have 
perverted tbe present race into abandoning the more innocent 
diet which satisfied their ancestors, and which, when the vine- 
shoots have passed the tender stage, has still to suffice those of 
the present day.” Mr. Brophy says that if the circumstances 
of insect-life here related prove in any way new or interesting, 
it would not be difficult to procure, in summer, spedmens of 
this beetle for inspection by qualified entomologists. 

At two successive meetings of the Oriental Society of Pekin, 
Prof, Russell, of the Tung- Wen- K wan, or Foreign Language 
College, read two papers on subjects connected with Chinese 
astronomy. In the frit be described the instruments in the Pekin 
Observatory, which were ^constructed by the order "of the great 
Emperor Kanghi about 1670. In the course of the discussion 
which followed, it was stated that this prince was very fond of 
mathematics and astronomy, and that the present Emperor was 
credited with similar inclinations. Kanghi was sixteen when he 
ordered the instruments to be constructed. The clepsydra used 
in the Observatory, it was stated, consisted of five eJatems, and 
was used for observing the time of edipses, being put in order 
for this purpose three days before^ each eclipse. One of the 
kutruments is usually said to be of European desigR and to 
have been presented by Louis XIV. The inscripiion or emUem 
on it has been carefully removed, and its place supplied by a 


place of bronse matching tbe metal of the instv^menL Ja 
Chinese books it is said that this instrnmeat was mnfaetvred by 
a foreign pciest. Verbiest^ta Jesuit of tbe time of 
pointed out a mistake in the Chinese mdendar ; tbe motler was- 
sefeited by the Emperor to (he Board of AetroDomy^ and 
Verbiest*s aoouroey was acknowledged. From that Ume a 
Jesuit missionary occupied the post of Vice-President of dw- 
Board down to 1808. 

The second paper, also by Prof. Russell, was on early 
Chinese eclipse calculations, and entailed vast labour in re* 
calculating. It appears from the investigations of the learned 
Professor that the earliest calculations of a solar eclipse and also 
I of a lunar eclipse which have been preserved were mode by 
.the Chinese. The discussion turned largely on like historical 
value of the Chinese classics with regard to these astrooomical 
observations, and the attention with which the Chinese from the 
earliest times have studied astronomy. Passages found in one 
or other of the few works which survived the destruction of the 
books before the Christian era bear witness to the devotion with 
which the stars were studied in China at that remote epodi. 
The full text of these two interest iog papers will be awaited 
with interest. 

At a recent meeting of the Scientific Society of Upsatav- Dr.. 
C. Auriviliius read a paper on the skeleton of the so-called 
Swedenborg whale {Eubalena svedenborjjfii, Lillj.), discovered 
last November in the province of Holland, in a layer of marl! 
50 feet above the sea. Remains of this species of whale 
have only been found once before, viz. early last century,, 
when some parts of one were discovered in the province of 
Western Gothland, 330 feet above the sea, and 70 miles in- 
land. It was at first believed that they were the bones of 
some giant, but it is said that Swedenborg discovered their 
true nature. The skeleton has been presented to the Upsala 
Museum. 

In the Proceedings of the Moscow Archecological Society^ 
there is a most interesting communication by M. Anutdiin, on 
the use of sledges, boats, and horses, or saddles, at the burials of 
various races. He shows that until the seventeenth century the 
Slavonians used sledges even in summer for the transport of the 
corpse to the grave. The Samoyedes and Ostyaks, and many 
Russian peasants of Northern Russia, still follow this custom. 
The boat was used by the Normans, the Old Germans, and gener- 
ally by races mbabiting the shores lakes. Many tribes of 
North America used to bury their dead together with a horse, 
or transported the dead to the grave on a horse. It is remark- 
able that the same custom is found among the Lithuanians, who, 
even in the sixteenth century, put their dead on a saddle. The 
sledge, the boat, and the horse, or saddle, were obviously 
intended to aid the dead in passing into another world, and in 
visiting kinsfolk there. 

An ancient canoe has been found in the Tunhovd Fjord, in 
Valders, in South Central Norway. It has been hollowed out 
by means of red-hot stones, and is 4^ metres long and 80 centi- 
metres broad. It is in fair condition. The find is of interest, as 
no other primitive vessel of the kind has been found Inland In 
Norway, The boat will be sent to the Museum at Christiania, 

StUme says that a citizen of the United States, who bos long 
resided abroad, proposes to give to the Smithsonian InstkSition 
a large collection of armour from the Middle Ages^ sowe* of it 
connected with most famous historical tmmes^icKduditag hoe^ 
armour, helmets, swords, and all the pa‘i‘i|iphemdlia df 'dihtet 
warfare. These ol^ects, numberiog about thousfl^ kave 
bee^ brought togetber at great expense, and Aa ooUaolHm iskna 
rtf the most valuable of thekind la the worW* wwikWtam of 
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the {iTMAtation is that the Smltbeontan Institution shall furnish 
1^ iSre'^^oof building for the collection. 

At the Jest meeting of the Ceylon Branch of the Royal Asiatic 
Soeietf^ a lengthy f>aper was by Mr. P. Ramanaihan, the 
lemUn^ Tamil of Colombo, on the ethnology of the Moors of 
Ce)doQ« These Moors, or Moormen, are usually classified in 
the island as a race by themselves, apart from the Tamils, 
Singhalefle, and other races inhabiting it, but Mr. Ramanatban 
came to the conclusion that the history, social customs, physical 
features, and language of the Moon, class them as Tamils who 
were eonverted to Mohammedanism in India before their migra- 
tion to Ceylon. He does not think there is any difference be- 
tween the two classes of ** Ceylon Mt>ors ” and ** Coast Moors ” in 
race or in the history of their conversion, the difference drawn by 
the members of these classes between themselves being due to a 
break in the course of immigration from India caused by the 
persecution of Mohammedans by the Dutch when the latter had 
possession of Ceylon. He pointed out that it was iuipossible 
that the very large number of Moors now existing in India and 
CSDdoD could be, as is popularly supjiosed, descendants of the 
small bands of Arab and Moorish merchants and refugees 
who visited India in early times. lie thought that only about 
5 per cent, of the existing Moors could owe their origin to 
these immigrants. The paper, which was a very long and 
exhaustive one, evidently could not be fully appreciated by those 
who merely heard it read ; but in the subsequent discussion most 
of the speakers appeared to think that Mr. Rauianat ban’s con- 
clusion was not satisfactorily established. It was argued that in 
several directions — especially in regard to the shapes of the 
skull;! — the facts were insufficient, and that at best Mr. Kama, 
nathan's evidence for his thesis was only secondary. The value 
of the paper as a starting'point for further investigation was 
ger^rally acknowledged. 

The CompUs rendus of the French Academy of Sciences for 
May 14, publishes some interesting remarks on the vital statistics 
of Germany, by M. Ch. Grad, author of a work on the power 
and resources of (he German people. The population of the 
empire increased from 40,816,000 in 1870 1046,855,000 in 1885; 
that is, an increase of over 6,000,000 in fifteen years, or at 
the rate of i per cent, per annum. Compared with thU the 
increase in France has been extremely slow, less than 5,000,000 
for the period of fifty years between 1831 and i88i (32,560,000 
and 37i 3^1,000 respectively), or at the rate of only 0 3 per cent, 
per annum, with a constant tendency to diminish. During the 
lost fifteen years the excess of births over deaths has been seven 
times greater in Germany than in France. The contrast becomes 
greater when it is added that, while few Frenchmen emigrate, as 
many as 4,000,000 Germans have removed to the United Stales 
since 1830. In 1880, the population of the empire included 
3 , 860,000 of Polish speech, 300,000 of French, 150,000 of 
Danish, 150,000 of Lettish, 137,000 of Wendish, and 34,000 of | 
Checkish or Bohemian. But on the other hand there arc at 
present in Europe over 60,000,000 of Germanic speech, if the 
6,000^000 Dutch and Flemish speaking inhabitants of the Low 
Cotinbnes be included. Altogether, the Teutonic nationality has 
doubled In Europe since 1840. But the increase has been almost 
entirely in the urban population, which advanced from 14,790,000 
in 1S71 to 18,730,000 in i860, while that of the rural districts 
remaitwd almost stationary (36,3x9,000 and 36,5x3,000 respec- 
tiva(y)i For the whole empire the density of the population is 
abottt $6 per square kibmetre as compared with 73 in France. 

Ilofitfe 'figures with re^erenoe to aloobolistti and crlminaUty 
VW communicated to the Frendi Academy df Medi- 

% M. M^i^ambat, They referred to an examinAtion of 
■ i^Maona j and it oppaan that 79 per cent of 

,^miH8Ahoeuls and-tt were drunkards, 50 to 57 per 


cent, of assassins and incendiaries, 53 per cent, of persons con- 
victed of outrages on morals, 71 per cent, of thieves, 8harperj>, 
&c. In acts of violence against the persoQ, 86 per cent, were 
found to be drunkards ; against property, 77 per cent. Among 
youths under twenty, drunkards were nearly as numerous as 
among adults, the difference being only 10 per cent. Of these 
youths, 64 per cent, were addicted to drinking. An examina* 
tion of the departments showed the largest number of drunkards 
from the regions wherp spirits are most largely consumed. 

A FrPTH edition of the late Prof. Balfour Stewart's "Ele- 
mentary Treatise on Heat '* (Clarendon Press) has just been 
issued. Prof. Tail undertook to read the proofs, but found that 
there was little for him to do. “ Prof, Balfour Stewart bad him^ 
self," he says, "given impHmatur to all but the last six sheets ; 
and for these I was furnished with ' copy ’ (excepting four pages) 
fully revised and initialed by him. The book is published, 
therefore, precisely in the form in which its author intended it 
to appear." 

The February and May numbers of the Journal of the 
Anthropological Institute are of more than usual interest. 
Among the contents are the following papers ; on an ancient 
British settlement excavated near Rushmore, Salisbury, by 
General Pitt-Rivers ; on the stature of iJie older races of Eng- 
land, as estimated from the long bones, -by Dr. John Beddoe ; 
the Lower Congo, a sociological study, by Mr. R. C. Phillips ; 
the origin and primitive seat of the Aryans, by Canon Isaac 
Taylor ; the Maori and the Moa, by Mr. E. Trcgear ; on the 
shell money of New Britain, by the Rev. Benjamin Danks ; on 
tattooing, by Miss A. W. Buckland ; on the evolution of a 
characteristic pattern on the shafts of arrows from the Solomon 
Islands, by Mr. Henry Balfour ; on the occurrence of stone 
mortars in the ancient (Pliocene ?) river gravels of Butte County, 
California, by Mr. Sydney B. J. Skeitchly ; and the address 
delivered by Mr. F. Gallon, as President, at the anniversary 
meeting of the Institute. 

Messrs. John Wit.ev and Sons, the American publishers, 
have in preparation a translation of Roscnbusch's " Microscopi- 
cal Physiography of Minerals anti Rocks," by Joseph P. 
Iddings, of the United States Geological Survey. 

Last week we referred to the edition of Barlow's Tables of 
Reciprocals issued by Taylor and Walton in 1840. The work 
has also been issued by E. and F. N. Spon. With reference to 
our note on this subject, Mr. V. B. Sprague and Mr, George King 
call attention to the "Table of the Reciprocals of Numbers 
from X to 100,000, with their differences, by which the recipnro- 
cals of numbers nmy be obtained up to 10,000,000, by Lieut.- 
Colonel W. H. Oakes, A. I. A, London ; Charles and Edwin 
Layton, 150 Fleet Street, 1865." This table gives to seven 
significant figures the reciprocals of all numbers from 10, OCX) up 
to 99,999 ; and by means of the proportional parts the recipro- 
cals of all numbers up to xo,ooo,ocx> may be obtained. Mr. 
Sprague points out that reciprocals can also be obtained with 
great facility by the use of Thomas’s arithmometer ; and this, he 
thinks, is the most convenient method when the number contains 
eight digits, and it is desired that the reciprocal should Contain the 
same, or a larger number, of significant figures. 

A Russian translation of Prof. Everett's " Units and 
Physical Constants” has just been published at St, Petersburg. 
This is the fifth language into which the work has been translated, 
the other four being Dutch, French, Polish, and German. The 
German edition was long delayed by the compiling of additional 
exixsrimental data* and only made its appearance a month ago. 

TilE New York State Museum of Natural History has issued 
auseftd BuUetiu (No. 3) on " Building^Stone in the State of 
: New Yotk,” The authot is Mr. John C, Smock. 
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ThA additions to the Zoological Society’s Gardens during the 
past week include a Pudu Deer {Pudu humilis Q ) from Chili, 

piresehted by Mr. Q, E, Pngh’ Cook ; two Squirrels 

-^) from Demerara, presented by Mr. R. Forrester 
Daly ; a 31 ne and Yellow Macaw {Ara ararauna) from South 
America, presfnted by Mrs. Alfred Palmer * a Pallas’s Sand 
Grouse [Syrrhapt^s parad0xus) from Berwick-on-Tweed, pre- 
sented by Mr. H. Hewort Crane ; two Australian Waxbills 
{Bitrtlda temporalis) ; seven Spotted-side^J Finches {Ansadina 
lathami) from Australia, presented by Mr. David S. Hodge ; a 
Nose-crested Iguana rhinolopha) from St. Lucia, West 

Indies, presented by Dr. T. Dennehy ; a Tent Tortdlse {Testudo 
tentoria\ a Fisk’s Tortoi e ( lest ado pski) from Cradock, Cape 
Colony, a Dwarf Chameleon {Chameekon pumilus\ a Purplish 
Gecko {Phyllodactyius porphyrcus\ a Hoary Snake {Coronella 
cana)^ three Narrow-headed Toads (ffu/o angusiiceps)^ five 
Gray’s Frogs {Kana from South Africa, presented by the 

Rev. G. 11 . R, Fisk ; two Tigers {Felts tijiris) from India, two 
Puff Adders (Vipera arietans) from South Africa, deposited ; a 
Long-billed Butcher Crow {BaHta destructor) from New Holland, 
received in exchange ; two North African Jackals 
born in tlie Gardens. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK ms JUNE 10-16. 

/TJ'OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 
IS here employed.) 

At Greenwich on June 10 

Sunrises, 3h. 46m. ; souths, iih. 59m. 15*58. ; sets, 2oh. 13m. ) 
rij;ht asc. on meridian, 5h. i6'3m. ; decl. 23* 4' N. 
Sidereal Time at Sunset, I3h. 31m. 

Moon (New on June 9, I7h.) rises. 4h. 35m. ; souths, 
I2h. 40m. : sets, 2oh. 49m. : right asc. on meridian, 
5h. S7*3m. j decl. 20* 45' N. 


Plante. 


Rises, 
h. m. 


Souths, 
h. m. 


Mercury., 

5 

• 

•• 13 

46 . 

. 22 

7 •• 

7 

3*0 

Venus 

3 

18 . 

. IX 

22 . 

. 19 

26 .. 

4 

39*5 

Mars 

14 

0 . 

. 19 

34 . 

1 

8^ , 

12 

53’2 

Jupiter.... 

18 

7 . 

. 22 

29 . 

. 2 
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GEOGRAPHICAL NOTES, 

Major Hobday reports of the operations in Upper Burma 
that during the season of 1S87-SS, the whole of the Yaw country 
has been thoroughly surveyed by surveyors attached to the 
various columns converging^ on Gangaw. Oo the north a con^ 
nection has been made the work executed by C<^onel 
Woodthorpe's party last year in the Kabo Valley. A good deal 
of the geography of the Schwele River and the Mohlalng dis- 
trict has also been obtained. The extent of surveying that has 
been done by the surveyors who accompanied the column from 
Bhamo to Mogdung and thence by the Jade Mines and 
Bndawgyi I.Ake to Katha, on the Irrawaddy, is not yet known, 
as reports have not yet been received. In the Southern Shan 
States a party under Lieut. Jackson, R. E. , has carried on survey 
operations in continuation of last year’s work from Fort Stedman 
to Pekon, in the Saga Valley, thence vid Maukme, and Mon^ to 
Maing-pan and the Salween River, where the Siamese mission 
under Mr. Archer was met. Returning to Mon^, they carried 
the survey through Legya and Bansan to Maing-ye. In the 
Northern Shan States a sub-surveyor has carried our surveys 
from Thibaw to Namsan, and across the Myit-nge or Namtu 
River to TheinnJ, on the Salween, and thence tdd Maing-yaw to 
Manse and Maing-ye, thus effecting a junction with Lieut. 
Jackson’s work. Major Hobday himself has extended the 
triangulation from Kyan Nyat to Bhamo, of which the position 
is thus determined, and a basis provided for the surveys in the 
direction of M9gauDg. It is hoped that the triangulation exe- 
cuted by thU party will be connected during this season with 
that of the surveys in Lower Burma. In addition to the work 
done by members of this department, many reconnaissances 
have been executed by regimental and other militaiy officers 
and the results given to Major Hobday for incorporation in his 
sheets. 

We are glad to notice that Signor Guido Cora’s Cosntos now 
appears more regularly and frequently than formerly. The 
last number contains a detailed account of recent Danish expe- 
ditions in Greenland. 

The whole of the new number of the Deutsche Geographische 
Bliuter is occupied with the narrative of J. G. Kohl’s Ameidcan 
studies, the results of journeys made thirty years ago in North 
America. 

The principal paper in the new part of the Zeitsehrifi of iht 
Berlin Geographical Society is an elaborate examination of Sir 
John Mandevihe’s writings by Dr. A. Bovenschen, in which the 
author comes to conclusions decidedly unfavourable to Sir John's 
trustworthiness. Dr. G. Hellmonn contributes an important paper 
on the rainfall of the Iberian peninsula. In the Verhandhmgm 
of the same Society we find papers on the geography and 
ethnography of Southern Mesopotamia, by Dr. B. MoriU, and 
on the Isthmus of Corinth, by Dr. A. PhUtppson. 

It may be useful to state that in No. 1 of the third series of 
the Bulletin of the Egyptian Geographical Society U a connected 
account in French, by Dr. O. Lenr, of his last journey across 
Africa. 

The June number of the Journal of the R^al Geographical 
Society contains the first part of Mr, D, W. Freshfield's paper 
on the Caucasus ; it deals with Suanetia, and Is illustiatea wlh 
ma^ and diagrams. The same number contains Mr. Wood- 
ford’s paper on his explorations in the Solomon Jilanda. 

Two Swedish colonists, MM. Valdau and Knutson, have 
recently done some interesting geographical work in the 
Cameroon^ territory, M. Valdau has explored the northern 
slopes of the ran^, which arc very thickly peopled hy the 
Bomboko tribe. The main chain of the mountams does not 
extend as far as 4* 30’ Ni lat., as the highest fiioint uttninhd by 
the travqllef, about 4* 28’ N. lat., only measured 2850 , 

Knutson h^ explored the River Memeh, which, he nsoerta)hhdi 
empt^ itsdf into the iea a little to the south ^ Ifttudbi Thh 
river is navigable for thirty miles, to the Dhben whMt m 
lOD feet in height. ^ 
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BIOLOGICAL NOTES. 

t!'0S6|L Fisk JUmains from New Zealand.— M r. DavU 
has FMently described a namber of fish remains from the 
Teriiary aoo Cretaceo-Tertiaiy formations of N ew Zealand. The 
memoir forms a part of the Transactions of the Royal Dublin 
Society, and is illustrated by seven well- executed plates of the 
fosslll- Some short time ago Mr. Davis received the remains of 
some fossil Tertiary Elasmobranchs from Prof. F.W. Hutton, from 
Kew Zealand, which formed the subject of a short communication 
to the Oeological Society of London ; but a much larger collection 
having been in the meanwhife received, permission was granted 
for the withdrawal of the paper, and now, based on several addi- 
tional collisions, we have the present memoir, which for the first 
time does justice to these interesting fossil forms by full descrip- 
tions and excellent figures. The memoir opens with an account 
of the Tertiary formations of New Zealand, based on the results 
att^ed by tne Geological Survey under Sir James Hector, 
while notice is taken also of the views of Prof. Hutton and Sir 
J. von Haast. In addition to the remains of fish, some Saurian 
teeth, as welt as those of a Squalodon, have been found. Of 
the thirty-five siJecies of fish described, no le-s than twenty- 
eight ap^ar as new species ; of these thirty-five, twenty-eight 
are Sharas, four are Rays, two belong to the Chimerids, and one 
to the Teleostei. A new species of toothed Whale, Squalodon 
strrcUuSy is also described. — (Transactions of the Royal Dublin 
Society, vol. iv. (scr. 2), part i. pp. 1-50, plates i.-vii.) 

Mammals op Liberia. — Dr. F. A, Jentink continues his 
account of the recent zoological researches in IJberia, which 
have been carried on for the last seven or eight years by 
J. Buttikofer, C. F. Sala, and F. X. Stampfli. The amount of 
information collected by the first -named investigator is very 
great, and merits the high praise bestowed upon it by ihe 
Director of the Leyden Museum. Of the ninety species of 
Mammals sent home, thirteen belong to the Monkeys, eleven to 
the Carnivores, thirty-three to the Ruminants, five to (he 
Pachyderms, twenty-nve to the Rodents, one Siren iad, four 
Insectivures, seventeen to the Bats, and three to the Edentate**, 
Amo^ the more interesting species mentioned arc the follow- 
ing ; CiycopUkectis stampjlii^ n. sp., from Pessy Country ; Ter pone 
hngiceps^ Gray ; Cephal&phns doria^ Ogilby, and Euryceros 
euryettos^ Ogilby j Gra^itmts napgiasH^ n. .sp. ; CliwiglU 
crtLssuandatus^ n. g. et n. sp. ; Crocidura Imttikoferi^ n. sp., and 
C. siampftii^ n. sp. ; Pe^kyura meg^ura^ n. sp. ; Bpomophorm 
veldkampHt n. sp. ; fimd Vesperugo siampjlih n. sp. This num- 
ber also contains notes of 151 species of Birds, collected by J. 
Buttikofer and F, X. Staropfii, during their last sojourn in 
Liberia. The last-named is still collecting on the Farmington 
River, a large confluent of the Junk. — (“Notes from the Leyden 
Museum/’ vol. x. Nos. i and 2, January and April, 188S.) 

On New England MeDUS/E.—In a list of certain Meduste. 
found by Mr. J. Walter Fewkes, off the coast of Maine and 
from Grand Manan, he redescribes and figures the interesting 
and beautiful Nanomia cara, A. Ag. This Physojdiore, described 
some twenty -five years ago, though repeatedly referred to in 
text- books and genera) works on zoology, seems to liave since 
escaped attention, but many specimens were found at Grand 
Mauan. It will be remem berea that the form thought to be 
adult by A. Agassiz, is not above six inches in length, but Mr. 
Fewkes capture specimens measuring, when extended, over 
four feet in length, and three feet when retracted ; while many 
hundreds were seen of the size of the specimen he figures, which 
is about sixteen inches long. When floating in the water they 
were easUy distinguiahed from the southern Physophore, Agalma 
the oectodifyees are biserial, the specimen figured has 
thirteen pairs of welbdeveloued bells, and many of the adults 
hod fifteen pairs. Among tne moat interesting and it would 
seem excqitional structures In this form are the organs referred 
to by A* Agaesiz as the third kind of jiolyps/^ now called 
"Mroc^s^'or “tasters**; these hang from the polyp stem 
mlderay between the polypites, a single adult and many half- 
develoj^ tasters occurring between each pair of polypites. They 
a^smallf slehder, flask ^shaped bodies, the distal end is closed, 
aw naar tha biual attachment there is a prominent red body of 
shape, known os the ** oil globule '* ; each taster has als 1 
\warte tong tentacle. Contrary to what A. Agassiz thought, 
the adnlt Khnonda has male and female bells on cme and the same 
baoH fbmate bell carries a tingle ovum, which, when 
they dseapH. eoufd be earily seen by the onasslsied virion. 


liydrickthys tnirus ^ is also described and figured as a new genua 
and species l>elonging to the Hydroida ; it was found attached 
to the side of a small fish {Seriola zonaia^ Cuv.) which had been 
taken in the dip-net at a time when the sea was quiet. The 
atch had at first all the appearance of a Fungoid growth. ^ The 
sh and Hydroid parasite were kept alive for some lime in an 
aquarium, and from the latter many thousands of Medu^se were 
raised. The Hydroid colony formed a cluster of reddish and 
orange-coloured bodies ; the basal attachment is a flat thin 
plate with ramifVJng tubes ; upon it are separate clusters of 
gonosomes and (r) hyd^nths. Each gonosome is botryoidal ; 
the free extremity of the gonosome is w'ithout tentacles, its rim 
is entire, and it is destitute of Medusa buds. It seems possible 
that no food i# taken in by the gonosomes, but that the wh<de 
structure is dependent upon the tubes of the basal plate for its 
nutrition. The filiform structures (hydranihs ?) are elongated 
flask-shaned bodies of about uniform size, with terminal open- 
ings. The Medusa is closely related to Sarsia, and so far shows 
the new Hydroid to be allied to the Tubularians, but there are 
not wanting certain features which hint at a kindred to the 
Siphonophores. The rare and interesting Callinema ornata^ 
Verrilf, is redescribed, and for the first lime figured. With a re- 
mark of the author, “that histological researches lose some of 
their value if not preceded by an accurate identification or8j>ecific 
description of the animal studied, if it be different from known 
species,” we heartily agree. — (“ Studies from the Newport Marine 
Laboratory,” Bull. Mus. Comp. Anat. Harvard College, vol. xiii. 
No. 7, February 1888.) 


THE BILL FOR THE PROMOTION OF 
TECHNICAL INSTRUCTION 

'^llE following is the Bill for the promotion of technical 

^ instruction, introduced by the Government 

Be it enacted by the Queen’s most Excellent Majesty, by and 
with the advice and consent of the Lords Spiritual and '1 emporal, 
and Commons, in this present Parliament assembled, and by the 
authority of the same, as follows ; 

1.— (!) Any School Board in England may from time to time 
supply or aid the supply of such manual or technical iptruction, 
or both, as may be required for supplementing the instruction 
given in any public elementary school in its district, whether 
under its own management or not. 

(2) Manual or technical instruction shall not be supplied or 
aided under this section except for such scholars as — 

{a) are recognized by the Education Department as in attend- 
ance at a public elementary school and receiving instruction in 
the obligatory or standard subjects prescribed by the minutes of 
the Education Department for the time being ; and 

{b) (in the case of technical instruction only) have obtained 
from the Education Department certificates of having passed 
the examination in reading, writing, and arithmetic, prescribed 
by the standard set forth in the schedule to this Act, or an 
examination equivalent thereto. 

(3) For the purpose of supplying or aiding the supply of 
manual or technical instruction under thi-. section, a School 
Board shall have the same powers, but subject 10 the same con- 
ditions, as it has for providing sufficient public school accommoda- 
tion for its district, subject to this restriction that the amount of 
the rale to be levied in any one year for Ihe additional purposes 
authorized by this section shall not exceed the sum of one penny 
in ike pound. 

If a School Board aids the supply of manual or 
technical instruction in any school or schools under its own man- 
agement, it shall, on the request of the managers of any other 
public elementary school in its district fulfilling like conditions 
as to the supply of manual or technical instruction in conformity 
with the requirt meats of the Department of Science and Art, 
and on proof of sufficient demand for such instruction in that 
school, aid the supply of such instruction in that school In like 
manner as it aids such supply in the school or schools under its 
own management, subject to such terms os may be agreed on or 
determined in pursuance of this Act, 

(2} If the managers of a public elementary school in the dis- 
trict of a School Board object to the terms on which the School 
Board proposes to aid the supply of technical instruction in that 
school, the Department of Science and Art shall, on the appU- 

* Vide Naturk, vot. xxxri. p. 604* w« belitvi tht» geaui and 

•pacies wen fu«t 4 e«i 3 |ih«l by the auitor. 
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cotton of thosQ mitnAgen, determine whether the terms so 
pro{>oMd ere reasoiUkble. 

3,^(1) Any local authority empowered to carry into execution 
thffc provUions of the Pitblic Ubmrieg Acts with respect to the 
establishment and maintenance’ of public libraries, public 
ttmsenms, schools for science, art galleries, and schools for art, i 
may from time to time suppler or aid the supply of technical in- 
etwction by providing or aiding in the provision of teachers, 
apparatus, or buildings to such extent and on such terms as the 
authority think expedient, and may exercise its powers under 
this section either with or without exerci^ng any of its p^wer$ 
sinder the Public Libraries Acts. 

(2) Provided as follows : — 

(a) In a district for which there is a School Boa'd, the local 
authority shall not out of their own funds supply or aid the supply 
-of technical instruction suitable for scholars receiving at a public 
elementary school instruction in the obligatoiy or standard 
subjects prescribed by the minutes of the Education Department 
for the time being, except to the extent, if any, to which the 
authority was so supplying or aiding before the establishment of 
A School Board. 

(^) In a district for which tliere is not a School Board,’ the 
managers of a public elementary school shall not receive aid 
■under this section except for scholars for whom technical in* 
struction may be supplved or aided by a School Board in a 
district for which there is a School Board. 

(3) The amount of the rate to be levied in any one year 
under the Public Libraries Acts as amended by this Act for the 
adiUtional purposes authorized by this section shall not exceed 
the sum of penny in the pounds and where the powers given 
<by the Public Libraries Acta are exercised concurrently w’ith 
the powers given by this section shall not exceed twopence in (he 
pound. 

— (j) The managers of any technical school in the district 
-of a School Board or local authority may mike an arrangement 
with the Board or authority for transferring their school to that 
Board or authority, and the Board or authoruy may assent to any 
such arrangement. 

(2) The provisions of section twenty-three of the Elementary 
Education Act, 1870, with re.spect to arrangements for the 
transfers of schools, shall apply in the case of arrangements for 
the transfers of schools in pursuance of this section. 

54— Every minute of the Department of Science and Art with 
respect to the condition on which grants may be made for technical 
dnstruckion shall be laid on the table of both Houses of Parlia- 
ment within three weeks after it is made, if Parliament is then 
sitting, and if Parliament is not then sitting, within three weeks 
after the then next session of Parliament, and shall not come 
into operation until one month after being so laid, 

6. — In this Act — 

The expression ** technical instruction” means instruction in 
the principles of science and art applicable to industries and 
in the application of special branches of science and art to 
specihe industries or employments. It does not include teaching 
the practice of any trade or industry or employment, but, sub- 
ject as aforesaid, includes instruction in the brunches of science 
and art with respect to which grants are for the time being 
made by the Department of Science and Art, and any other 
fonn of instruction which may for the lime being be sanctioned 
'by that Department by a minute laid before Parliament and 
made on the representation of a School Board or local authority 
that such a form of instruction is required by the circumstances 
of its district. 

The expression “technical school” means a school or 
• de[wtment of a school which is giving technical instruction 
to the satisfaction of the Department of Science and Art. 

The expression manual instruction” means instruction in 
4 he use of tools and modelling in clay, wood, or other material. 

The expression “the Education Department” means the 
Lords of the Commit tee of Her Majesty’s Privy Council on 
Education. 

The expression “local authority” means the Council, Com- 
inbsloners, Board, or other persons or authority carrying into 
^execution, or empowered to carry into execution, the Public 
Libraries Acts. 

The expression “Public Libraries Acts” means the Public 
Libraries (England) Acts, i855to 1887, and the Public Libraries 
^(Irelattd) Acts, rSss to 1884. 

7. -^This Act may be cited as the Technical Instruction Act, 
.2808, 


SCHEDULE, 

Standard. 

Heading , — To read a passage from some standard author* 

IVriHng, — A short theme or letter on an easy subject, spejlitig, 
handwriting, and composition to be considered. An exercise id 
dictation may, at the oiscretion of the inspector, be submitted 
for composition. 

Aiiikmieiic, — Fractions, vulgar and decimal, simple pro- 
portion, and simple interest. 


AGHICULTUHAL EDUCATION IN NORTHERN 
ITALY AND IN PRUSSIA, 

jVTR. COLNAGHI, Consul-General nt Florence, in the course 
of an elaborate Report on his district, refers at some 
length to agricultural education in the province of Florence. 
He describes especially the well-known “Academia dei Geor* 
gofili,” the Tuscan Society of Agriculture, the ComJzi Agrari, 
or Agricultural Boards, the Stazioni Agraric, and also refer# to the 
various institutes and schools which have been established of 
late years in the province. The “ Academia dei Georgohli ” of 
Florence was founded in 1753, and was the first Association of 
the kind formed in Italy to promote the science of agriculture. 
On the roll of the Academy are to be found the names of the 
most distinguished Italian agronomists, and the long series of its 
Transactions contains important papers on all points of interest 
connected with the agriculture of Tuscany. 

The Royal 'J'uscan Society of Horticulture, which was estab- 
lished in 1854, now numbers about 700 members. Much useful 
work has been done by this body in encouraging the improved 
cultivation of fruit, vegetable.s, fiowers, and ornamental place# 
and by the holding of annual shows in Florence. 

Each district of the province has its Com i /Jo Agrario, the 
objects of which are to extend agricultural skill and knowledge, 
or encourage improvements, and to form a centre for the 
diffusion of information. The Comizi offer prizes for improve- 
ment# in cultivation, hold Conferences on various subjects, and 
publish Bulletins containing miicli useful information on prac- 
tical sul)jects. These bodies are supported by members' 'inhscrip* 
tions, and by grants from the Minister of Agriculture and horn 
I the province. Besides th^ annual shows held at Florence, there 
! arc regional agricultural shows (Concorsi Agrarii Regionali), 
instituted by the Ministry of Agriculture and the Comizi Agrari, 
which are held at stated periods, and in which some five or six 
provinces are included. These larger shows have been useful in 
bringing agriculturists from various parts of the country together, 
showing the latest improvements in machinery, and in displaying 
the various products of the different districts. 

At the “ Stazione Agraria” of Florence, which is a branch of 
the Technical Institute, and is under the direction of Prof. 
Bcchi, experiments are made on tlie culture and diseases of the 
vine, the olive, and other plants, and analyses arc made of soil, 
minerals, water, wines, &c. Attached to the Stazione is nn 
experimental farm six hectares in size, and also a Government 
depot of agricultural machinery. 

There is also in Florence a Bureau of Agricultural Entomo- 
logy, under Prof. Tragioni-Tozzetti, where great attention Is 
paid to the Phylloxera. This Bureau is in fact the centre of 
information for the whole of Italy on entomological subjects. 

For practical instruction the province contains the Regio 
Istituto Forestale (Vallombrosa), the Regia Scuola di Pomo- 
logia e d’OrticoItura (Florence), and the Scuole Agrarle of 
Castaletti, near Sigoa, and of Scandicci, in the immediate 
neighbourhood of Plorence. The Forest Institute of Vallom* 
brosa, now under the Presidency of Prof. Piccioli, who is 
assi’^ted by eight professors, was founded in 1869, on the model 
of the forestry schools of France, Germany, and Austria, to 
supply a sufficient number of trained officers for the Department 
of Woods and Forests. From 1869 till the present time, uo 
students have entered the school, and of these 136 have recrived 
diplomas. All of these have entered into the service of Idtrir 
native conntxy, except one who was a Swiss. The courae of 
study lasts three years, during which time Instruction il given in 
for(»iry and kindred subjects, and in French and Oermon. The 
limits of age at entrance are sixteen and twep^-two, and iS 
annud f^harap for board, residence, and instruction is (HA ht 
700 lire. The State pays aporliori of the cost, of sortte ^ Ijbt 
students, and aometlmes their respective ptovhtee# do wiu 
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to the Instilute is « librayy of works on forestry, 
'llo 4 tlso tlt« requisite collections end instruments, both 
ehettttcu} nnd scientific. A nursery which contains nearly 
450|tMK> JsletitSy and which can supply annually nearly 100,000 
paints of from three to five years old, is oho annexed. There is 
also m small fisfa«breedtng estabh^ment, in which about 10,000 
trout-’fi 7 are ADDuatly batched, and ploo^ in the neighbouring 
streams. 

The Royal School of Pomolc^ and of Horticulture was 
established in 188a, and is now under the direction of Prof. 
Vslvasaori. Its object is to train vegetable and fruit gardeners. 
The course lasts three years, and is both theoretical and 
practical. The for the admission of pupils is from fourteen 
to seventeen, preference being given to the sons of the smaller 
fanners, and the charges are 23 lire per month, besides 20 lire 
for the purchase of gardening- tools, &c., and an entrance fee of 
10 lire. There are five professors, with a' censor and two 
Mrdeners, and at present the numl^r of pupils is thirty-two. 
For practical instruction the school possesses an orchard, and 
kitchen and flower gardens. 

^ The Agricultural Institute of CostaJetti has been in existence 
since 1859, w^hen it was founded by Commeiidatore I..copoldo 
Cflltani-Cavalcauti. It is now under the direction of Signor 
Riccardi-Manelli. One section of the school was placed on the 
footing of a Government technical institute during the life-time 
of the founder ; but lliis has now been changed by the present 
Director, because the school has for its object, not the pixKluction 
of engineers and surveyors, but of factors or agents and head 
gardeners. The course of instruction in this institution lasts fur 
four years, and the age of admission is from eleven to fifteen. 
Of late the charges have been increased, and in consequence the 
number of students has fallen from seventy to fifty. The 
entrance fee is DOW 50 lire; board, lodging, &c., 165 lire for 
the first and second years, and 180 lire for the third and fourth 
years ; and 8 lire in addition per month for washing, llie 
institution is not self-supporting. 

The Agricultural School of Scandicci was founded as i*ccently 
as 1884 by Count Napoleonc Passcrini for charitable purjxrses, 
his own villa being given up to the work. It was first only a 
day-school, but this year boarders have been admitted, and 
there are now ten boarders and eight externs. The object 
of the institution is to make good managers of rural estates. 
The course of study lasts for three years ; the ages of admission 
are from fifteen to eighteen ; the entrance fee is 10 lire, Imrdcrs 
paying in addition 36 lire per month, and 2 extra fur washing. 
There are in all seven professors and masiers. There is an 
experimental farm of 100 hectares in extent attached to the 
school, and a good library, and zoological, mineral, and agri- 
culture collections, a chemical laboratory, an apiary, and n 
pigeon-house. A meteorological observatory of the second 
dass, affiliated to the Central Observatorj* at Uonve, is also 
annexed. I'he diplomas awarded to the pupils at the close of 
their course of study are counlei tigned by a special delegate of 
the Government. 

According to the Report recently presented to the Foreign 
Office by Sir E. Malet on agricultural education in Prussia, the 
State annually gives ^{^49,625 for agricultural instruction in that 
country, and 438,401 to the veterinary Colleges. Out of the 
ibrmergrant are supported the two Agricultural Colleges of Berlin 
and Poppelsdorf, tlie Pomological lostltuies of Proshnu and 
Geisenheim, and a station near Wiesbaden for experiments in 
wHcuHural chemistry ; and subsidies are given to various pro- 
vmdoJ schools which are supported by local Boards but inspected 
by the central executive of the province. At the two Colleges 
the education is mainly scientihe and theoretical, the ordinary 
course consisting of two terms of six months each. At the end 
of each term the subjects of examination are the science of 
farming and planting, farm management, physics and chemistry, 
botany, *sooloffy, animal physlologv, mineralogy, and geology. 
On pi^og these exammations tne students are entitled to 
diplomas e? proficiency in agricultural science. Those who u ish 
to booome land-surveyors can proceed to a further course of two 
terms of six months each, in which the instruction given U of a 
most adsonced kind, embracing matheinatics, trigonometrical 
surveyidig. ictdlling, engineering, forestry, and plantation, the 
'M^oe'oFhtevding and reating cattle, dafiy farming, mechanics 
dad ogtMhttdl machtueiy, bSsides a course of law bearing on 
udlh which land SdrvQyprs haire to dp. According to 
^ ttoent report^ the BerBn AgricultunU College was 

" * ‘ • fhe summer iwm, ta of whom pro- 


ceeded to the more advanced course, and in the winter term by 
155 students, 27 of whom went in for the higher course. 
Poppelsdorf College was attended by 76 in the summer term, 
of whom 45 went on to the lugher course, and in the winter term 
by 87, of whom 57 attended Hie larger course. With regard to 
the lower-grade ^ools receiving help from the grant in aid of 
ofiriculUinu education, ifi are intermediate schools which get 
413*365 every year from the State. The school money varies 
from 43 to 4^ for. per term of six months, and the subjects 
Uught in these institutions comprise chemistry, mineralogy, 
physics, eoolo^, veferinary science, and Burning. There are 
also numerous local winter elenienUry schools which supplement 
by theoretic^ training the practical teaching which the pupils ^ 
have had in tne fields in spring and autumn. 46648 is annually 
given to them. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

CAMBKlDGS.-^An examination will be held at Cavendish 
College on Tuesday, July 24, and following days, according to 
the results of which it is intended to an ard eight Scholarships of 
430 a year, provided that candidates of sufficient merit present 
themselves. Candidates must be under eighteen years of ageon 
October l, 188S, and may offer for examination one or more of 
the following subjects : Classics, Mathematics, Natural Science, 
Modern Languages The Scholars elected will be rermired to 
come into residence at Cavendish College in October 1888, and 
commence study for a Tripos or the Engineering course. 
Medical students may conveniently combine their medical work 
with the course for the Natural Science Tripos. It is also 
uUended to offer in June 1889 three Scholarships of 43 ^^ to be 
comi)eted for by students of the College who will then have 
resided not longer than one year. The College fee for board, 
lodging, and tuition, is 4^5 for each of the three University 
terms, and 4*5 for residence (optional) In the Long Vacatiou. 
For further information aptdy to the Bursar, Cavendish College, 
Cambridge. 

In the paragraph last week about Prof, Darwin’s lectures 
(p. 1 17), for “ tin ” read “ sun.” 


SCIENTIFIC SERIALS. 

Bulletin de la SocUti des Naturalistes de Moscou^ *887, No. 4 
— On organic confounds in their relations to haloid salts of 
aluminium, by G. Gustafson (in German). In this second part 
the following conclusions are arrived at. The organic com- 
pounds undergo deep modifications in presence of the above 
salts. The reactions of addition are the chief ones, but the most 
interesting are those undergone by the aromatic hydrocarlKins 
under the influence of chloride and bromide of aluminium; 
although most unstable, and therefore sometimes viewed as 
mere molecular compounds, they show a deep modification of 
the hydrocarbons from which they issue. They explain also the 
r$U of salts in organisms. --On the regenCTOtion of lost organs in 
spiders, by V. Wagner (in French). This is the result of a 
double simultaneous process ; the atrophy of the tissues belong- 
ing to the lost member, and the growth of the new one in the 
atrophied remnants of the old member. Both processes are 
described and illustrated.— Short, notes on some (eighteen) 
Russian species of the genus Bla/St by E. BalJion (in German), 
— On two new Branchiopods from ilie Transcaspian region 
{A pus hatcJkelii^ n, sp., and Ariefttia asiatica^ n. sp.), by Dr. A, 
Walter, — Enumeration of the vascular plants of the Caucasus, by 
M. Smimow (continued). The Kanunculacew are described ; they 
contain ninety-eight species, belonging to seventeen genera, and 
out of them thirty-seven belong to the genus Ranunculus^ 
and thirteen to that of Delphinium. The MyesuruSy Garidella, 
Calthay and Aetcea number only one species each. The total 
number of Caucasian Phanerogams, according to J..edebour’s 
*' Flora Roaska,” UB963 ; now it must be estimated at about 40Q0 
species. Out of the nmet^^eight species of Ranunculaceae de- 
scribed, forty belong exclusively to the flora of the East, while 
fil^-twootemefc with inBoulh Russia, thirty in the Crimea, thirty- 
three in the Altai, twenty-four around l^ke Baikal, and only 
twenty-one ki the Urals, and eighteen in North Russia. Very 
intereitinlt rtmarks fbUow os to the distribution of the Kanitn- 
eulocese % ee|wrate parts of the Caucasus. 
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iS86( No. I, —Some remarks on the consequences of the 
earthquake of Februaiy 1887 in the Riviera, by H* Traut- 
acholo.— The chief noxious Insects on tobacco in Bessarabia, an 
elab^ate research by Prof. K, Lindeman. (Both papers in 
German.)— Count Alexis Rarumovsky, first President of the 
Society, by Dr.Benzengre (in French). — List of plants of Tambof, 
by D. LitvinoflT (continued). —On the hairs called auditive of the 
spiders, by W. Wagner {Gehor-Organe of Dahl). They belong 
to different types, and none of them can be recognized as per- 
forming the auditive function ; they seem merely to be tactile 
organs of a higher structure. — Studies on the paleontological 
history of the UngulaUt^ by Marie Pavloff (second memoir). 
After having discussed the genealogy of the houe as viewed 
by Kovalevsky, Messrs. Marsh, Cope, LydekKer, Branco, 
and Schlosser, and discussed the rich material which Mrs. Pavloff 
was in possession of, the writer arrives at the following scheme. 
The eldest ancestors of the horse, Phenacodus^ are found in the 
Eocene of North America ; in Europe they are represented by 
the Hyracotheriuni teporinum^ which, together with the Pachyno- 
hphus and Anckihphusy inhabited both continents. In the 
Miocene wc find the AnchHherium^ in America first, and later 
on in Europe ; it was transformed in America into the Prot&- 
hippus of the Mio-Pliocene. This last gave rise to the 
Hippidiitni and Equus^ which largely develo]^d during the 
Pliocene period in America (^, Mt-vulus), Asia {E* rtomadictis), 
Europe and Africa, where the E, stenonis was the ancestor of 
the Post-Pliocene Equtts eaballux. In how far our present horse 
originates from this later will be discussed next. Two plates 
illustrate the paper, written in French. 

The Memoirs of the Odessa Society of Naturalists (vols. %:• 
and xii. ) contain the usual quantity of elaborate work, especially 
in anatomy and physiology. The papers on the embryogeny of 
the fresh-water lobster, by M. Morin ; on the embryogeny of the 
‘Caucasian scorpion Androctonus ornatus^ by MM. A. Kovalevsky 
and Shulghin ; on the development of the Uro^pora snirabilisy by 
M. Woltke ; on the embryology of the Mysis chamelet\ by M, 
Nuabaum ; and on the morphology of the Haplotrichum roseum^ 
by M. Khmielevsky, are elaborate articles profusely illustrated 
by excellent plates.— M. Krasilschik’s researches on the struc- 
ture and life of the Cenobodo lacinuTgerens^ss, new genus of the 
Flagcllatae — are most interesting, showing how this microscopic 
organism preys on Bacteria and digests them, and how com- 
plicated is its organization altogether.— The same author con- 
tributes an interesting paper on tnc parasite Fungi of insects, and 
M. Khawkin has an article on the buccal apparatus of the Engl erne 
and Astassay ns also on the laws of heredity in the case of uni- 
cellular organisms ; and Dr. Kultchitsky studies the intc tinal 
canals of several fishes. — Geology and mineralogy are represented 
by R, PrendeVs article on the WiluUe, from which it appears 
that the crystals of this interesting mineral have a double com- 
position— those parts of it which penetr.ite into the depth of the 
crystal as cones set upon the surfaces of the pyramids differing 
both by their density and refractive power from the parts which 
are built upon the faces of the prisms ; three papers by Prof. 
Sintsoff on the water-bearing deposits of KishinefT, the Steppe 
deposits on the left bank of the Lower Volga, and the Pliocene 
of South Russia ; and on the crystalline rocks of Crimea, by M. 
Prendel. — Prof. Klossovsky contributes a paper on the oscilla- 
tions of temperature and density of the water of the Black Sea in 
the neighbourhoods of Odessa ; andMrs. Mary Balashoff has an 
article on the influence of .small ponds and of limited supplies 
of water on the development of Chemistry is repre- 

sented by one paper, on the laws of dissolution of salts, by 
R. Umoff. 


SOCIETIES AND ACADEMIES, 

London. 

Royal Society, April 26.— » On the Occurrence of Alu- 
minium in Certain Vascular Cryptogams.*^ By A. H. Church, 
M.A„ F.C.S. Communicated by Dr. J. IL Gilbert, F.R.S, 
Most of the older and more complete analyses of plant -ashes 
disclosed the presence of sensible quantities of alumina. But of 
late years this substance has been regarded as accidental, and 
baa been eacloded from aah-constituettts with the single exception 
■of certain species of lycopodium. Since 1851 several ansdysts 
have proved the presence of large quantities of lUumtna 
in the ashes of these nUnts The author has confirmed and 


extended their results, and has Bho#n that the allied gehns 
SelajpuAia does not absorb alamina. He foand, however^ two 
species of Lycopodium Z. PhhgmpsHa and Z. 

—from which this constituent is absent. The anomaly was 
plained by the epiphytic nature of these plants, which have ho 
direct access to the soil. The author has further examined 
certain species belonging to genera nearly related to Lycoj^itm. 
such as EquisettiMy Ophioglossum, ScUmniay Marsucd, and 
Psilotumy In all Cases with negative results. But he has mnd 
20 per cent, of alumina in the ash of a New Zealand tree-fern, 
and has also discovered abundance of this substance in CyoNuot 
medullaris and Atsophila australis, and more than mere traces 
in Dieksonia squarrora. The last part of the pawr is occupied 
with some considerations having reference to the connection 
between elementary plant-food and the periodic law. 

May 17. — “On the Electromotive Properties of the Leaf of 
Dioncea in the Excited and Unexcited States." No, II. By 
J. Burdon- Sanderson, M.A., M.D,, F.R.S., Professor of 

Physiology in the University of Oxford. 

The author has continuca his experimental inquiries, of which 
the results were communicated to the Royal Society under the 
same title in 1881. In the introduction to the paper he gives 
a summary of his previous observations, which lea to the con- 
clusion that the property by virtue of which the excitable 
structures of the leaf respond to stimulation, is of the same 
nature with that possessed by the similarly-endowed structures 
of animals. He then proceeds to state that the main purpose of 
his subsequent investigations has l)een to determine the relation 
lielwcen two sets of phenomena which might, in accordance with 
the language commonly used in animal physiology, be termed 
respectively those of the “ resting current ” and of the “action 
current" of the leaf, i,e. between the electrical properties 
possessed by the leaf when stimulated, and those which it 
displays when at rest. Assuming the excitatory response in the 
leaf 10 be of the same nature as the excitatory variation or 
“action current" in muscle and nerve, the qucbtion has to be 
answered, whether in the leaf the rcs^wnsc is a sudden diroinu*- 
tion of a previously existing electromotive action (according to 
the pre-existencc theory of du BoU-Reymond), or the setting up 
at the moiTieni of stimulation of a new electromotive action — in 
short, whether and in how far the two seta of phenomena are 
inter-dependent or the contrary. 

An observation recorded in his former paper .suggested proper 
methods. It had been shown that by i>assing a weak voltaic 
current through the leaf for a short period in a particular 
direction, its electromotive properties could be permanently 
modified without loss of its excitability. If it could be shown 
that ihc influence of this modification extended to both orders of 
phenomena, those of rest and excitation, and that both underwent 
corresponding changes of character under similar conditions^ this 
would go far to prove that an essential relation existed between 
them. 

Acting on this suggestion, the author has had recourse to 
modes of experiment similar to those which have been employed 
during the last few years in the investigation ofthenewly-disoovere^ 
“secondary electromotive'’ phenomena of muscle and nerve (see 
“Oxford Biological Memoirs," vol, i. porta). The details of 
these experiments, made in 1885, are given in the first three 
sections of the paper. They relate to (i) the more immediate 
effect of the current as seen in the records of successive ifolvaao- 
metric observations made at regular intervals; (4) the more 
permanent influence of the atrrenton the electromotive properties 
of the unexcited leaf, and on its electrical resistance ; and (3) the 
concomitant modification of its behaviour when ^timolated. 

The general result of these experiments is to show that the two 
orders of phenomena, the excitatory and those w^ch relate to the 
rating state, are so linked together that every change in the state 
of the leaf when at rest conditionatra a corresponding change in 
the way in which it reacts to stimulation — tne corre^pcmaeiice 
consisting in this, that the directioaof the response is opposed to 
th^ of the previous difference of potential between the opposite 
surfaces, so that as the latter changes fiom ascen^pg to dasoend* 
ing, the former changes from descending to ascecidiqg. 

The author considers that this can only be understood to inOaii 
that the coiwtantly opemive felectromotive forces whidi find 
expression m the persistent difference of pOtemial iNdwoeh ttto 
opposite surfaces^ and those more transitory opes which ca^ad 
into momentary exiifence by lojichiog (he $ani^ve fitiunenu or 
by other modes of stimnlation, have ^sahte seidj and that fha 
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^tioa between them U In accordance wiih a i>rinciple 
blk^le in common to the excitable structures of plants and 
mds, via* that the which renJers a siructun capable 

cxcitcU&yy change is expressed by relative pasihvity, 
tki tRHmiian a/dtechat^ by rdalive negativity, 

fourth section of the paper is devoted to an investigation 
mftde in 18S71 ihe events of the first second after excHationt 
made with the aid of a pendulum-rheotome specially adapted for 
the purpose. The fifth contains the description of the records 
obtamed by photographing the electrical phenomena of the 
eaohatory reaction, as observed with the aid of the capillary 
eh^hrometeri on rapidly-moving plates. Both of these series of 
obMnrations serve to confirm and complete the results obtained 
by other methods. The photographs were exhibited. 

Physical Societyi May 12. — Prof. Reinold, F. R. S., Pre- 
sideati in the chair. — The following papers were read : — 
on the condition of self-excitation in a dynamo machine, 
tty Prof. S. P. Thompson. It U a well-known fact that a series 
dynamo runninc at a given speed wilt not excite itself unless 
the resistance isless than a certain value, depending on the speed 
and construction of the machine, and if the resistance is slightly 
less than this critical value the excitation will not be such as to 
saturate the magnets. According to the primitive statement of 
the action of self-exciting dynamos on the ** compound interest 
law, ** a dynamo should excite itself to saturation at any finite speed 
providing the resistance is not infinite. An explanation of the 
observed facts is given in the paper, without any assumption os 
to the curve of magnetiration. If E = E.M.F. of the machine, 
n s speed, C = number of \vires on outside of armature, 
N a number of magnetic lines i = current, S = number of 
turns on magnet, 2K and the sums of the electric and mag- 
netic resistances respectively, then E = «CN, i = «CN/ 3 R, and 
N =s 4irS//3Ep. From these It Is easily seen that 4irrtCS = 
Xp. 3 |R, (A). ; i.e. for a dynamo running at constant speed the 
proiluct of the magnetic and electric resistances is constant, 
and the dynamo will not excite itself if 2R is greater than 
4 wnCS/Xp. Similarly for a given value of 2K, excualion is im- 
possible if ft is less than Xp . :ER/4irCS. For a value of llK less 
than the critical value the excitation increases until the mag- 
netic resistance is increased so that equation (A) is satisfied. 
The corresponding formula for shunt machines is 4irwCZ = 

' 1 ^'“ I i where Z = number of shunt turns ; r„, 

r,, and R, the resistances of armature, shunt, and external circuits 
respectively. In the discussion which foliowevJ» Mr. Kapp de- 
scibed a method used in testing dynamos, for determining 
the minimum speed at which dynamos will excite themselves, 
and from thence determining the magnetic resistance of the air 
gap. In all cues experiment showed this to be less than the 
calculated resistance, generally in the proportion of 1500 to 
iSfio, the difitrence being greater in low -tension machines. 
Prof, Ayrton ]>oihteU out that permanent magnetism was not 
taken into account, and that the apparent resistance due to self- 
induction, and between the brushes and commutator were con- 
. siderable for small currents. Lord Kayleigh and Sir W. Thomson 
had shown critical speeds for given resistances to exist in 
Faraday's disk dynamo, lie (Lord Rayleigh) did not approve 
of the term ** magnetic resistance," and thought ** reluctance," 
as recently suggested by Mr. Heaviside, would be preferable. — 
Note on the conditions of self- regulation in a constant potential 
dynamo machine, by the same author. In ** Dynamo-Electric 
Z r 

Machinery " a formula — = i — is given as expressing the 

S r* + fm 

ratio of the number of turns in the shunt and series windings of 
a compound dynamo. This is on the assumption that there is 
no oaturatioD within the working limits. As this assuniption is 
not legitimate, a correcting factor is necessary. The factor is 
Bhown to be the ratio of the average ptrmeability over the 
whole working range to the permeabiUty corresponding with 
no external current. The formula is transfonned so as to be 
expressed in terms of the ** satural " data of the machine, which, 
as shown in a previous paper, can be calculated from its details. 

On tnagnetio lag, and the work lost due to. muneiic lag in 
Current transformers, by Mr, THomas HI Blakesley. 
The metlwd adopted to detect the lag is to place dynamometers 
in both vi^irCuits, and one with a eotl in bach. Then, on the sup • 
pOi^tipn that the E*M.F, of the seetKidary circuit is entirely due 
to eha^ tnage^etUva of^thc cere> the author proves that 


the tangent of the mogneiic lag angle must be equal to 


2 Caj-Ba, 
n 


w 


I where fu and n are the number of 


(ABOiOj - C*a,®) 

turns in the primary and secondary coils respectively ; A, B, C, 
the constants of the dynamometers ; and a,, oj, a,, their angular 

1 ^ 

reading. A is such that Aa^ = A , where Ij is the maximum 

2 

value of the primary cflrrcnt, A table of actual results is given, 
where the magnetic lag is about 5i^ The whole power given 

out by the rowchine takes the form r'lAoj -nr* — Ci/*, where r^ 

H 

and r, are the resistances of the primary and secondary 
circuits, while the power lost in hysteresis is expressed by 

r, Coi - Bog y The log is attributed to an induced magnetic 

stress called into being by the increasing or decreasing magnetism 
itself, and always opposing it as motion in a medium mdoces 
an opposing force of friction. By supposing such an induced 
magnetic stress in quadrature (as Mr. Blakesley expresses it) 
with the magnetism, and of such a value as when compounded 
with the stresses due to the currents shall bring the resultant 
into quadrature with the secondary current, the effective mag- 
netic stress is obtained. This involves a new idea called 
magnetic self-induction with its coefficient. The whole problem 
is treated by the geometrical method, which the author has 
applied to several other problems in alternating currents. Mr. 
Kapp, Profs. Thompson, Perry, and Ayrton, and Lord Rayleigh 
took part in discussing the paper. — On a simple apparatus for 
the measurement of the coefficient of expansion by heat, by 
Prof. W. E. Ayrton, F.R.S., and Prof. J. Perry, F.R.S. The 
apparatus consists of^ a metal tube, within which the wire or 
roa whose coefficient is to be determined is placed. One end 
of the wire is rigidly attached to one end of the tube, and the 
other end connected to an Ayrton and Perry magnifying spring, 
a pointer attached to which indicates the change of length due 
to alteration of temperature. Steam or water may be passed 
through the tube, the temperature of the wire being shown on a 
thermometer. The arrangement is very sensitive, and with a 
pointer about 20 cm. long, the motion is magnified about 
1000 times, — A magnifying sprii^ attached to an aneroid was 
also shown, and its great sensibility demonstrated. A com- 
bination of a spring of large diameter and pitch with one of 
small diameter and pitch was exhibited. By such a combination 
small rotations can l>e immensely ma;nified. The great features 
of the patent spring as a magnifier are the entire absence of 
friction and back lash, and the Targe range of proportiomdhy. 

Chemical Society, May 17. — Mr. W. Crookes, F.R.S., in 
the chair. — The following papers were read Researches on the 
constitution of azo- and diazo-derivatives i (iv.) diozo-amido-com- 
pounds, by Prof. Mpidola, F.R.S., nod Mr. F. W. Streatfield. — 
The colour of some carbon compounds, by Prof. Camelly, and 
Mr. J, Alexander. An investigation of a number of metallic 
derivatives of ortho- and para-nitrophenol has given the following 
results: (1) in all cases without exception the colour passes 
towards the red end of the spectrum as the temperature rises ; 
(2) the colour of the ortho-derivative is nearer the red end than 
that of the corresponding para-compound i (3) a comparison of 
the nitrophenates of the metals belonging to the same sub-group 
shows that the colour passes towards the red end as the atomic 
weight of the metal increases ; (4) when the same salt occurs 
in both the anhydrous and the hydrated state, the colour passes 
towards the red end as the quantity of water of crystaUUation 
diminishes ; (5) as regards the salts investigated, the para- 
compound always takes up a l^er quantity of water of 
crystallization than the conresponding ortho-compound. In the 
course of the dUcusaion which followed the reading of the paper, 
Prof. Ajrmstrong;, F.R.S., remarked that the facts advanced were 
far too few to justify the very general conclusions arrived at by 
the authors ; all who had worked with the nitrophenols were well 
aware (hat the colour changed on heating in the manner 
described j and there was no novelty in the statement that the 
para-nitlropbont^ ciys^UUed with the larger proportion of water. 
Referring to the authors' fourih deduction, he quoted calcium 
parachloiodkHTthonitrtqihettlite as an exception, since this com* 
pound enn be obtained either in yellow anhydr^ crystals, or in 
de«p*otaiige hydrated ccyst«i6.*-^he identity of natural and 
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.artifitiAl salicylic acid, by Prof. Hartley, F. R. S. Spectroscopic 
examination of the two compounds establishes their identity.— 
Reaaafches on the relation l^tween the molecular structure of 
Carb^ compounds and their absorption spectra (part viU.), by the 
name. — A dehnition of the term atomic weight and its reference 
to the periodic law, by the same. The author is of opinion that 
the fact that the atomic weights are real measures of the quantity 
-of matter in the sftoms of the elements is often overlooks, and 
advocates the adoption of the definition ; The atomic weight of 
an element is the ratio of the mass of its atom to the mass of an 
atom of hydrogen. The periodic law then^admits of being stated 
thus! The properties of the atoms are a periodic function of 
thdr masses. 

Oeologicai Society, May 23.— Dr. W. T. Blanfbrd, F.R.S., 
President, in the chair. — The following communications were 
read : — On the spheroid ‘bearing granite of Multaghderg, Co. 
Donegal, by Dr. Frederick H. Hatch, Communicated with the 
permission of the Director-General of the Geol<^ical Survey. 
This paper deals with n remarkable variety of granite which 
may be compared with the well-known orbicular dioritc or 
Napoleonite of Corsica. According to Mr. J. R. Kilroe, of 
the Geological Survey of Ireland, who first discovered this 
interesting rock, the concretionary balls occur in close juxta- 
osition in a mass of granite of 5 or 6 cubic yards in site. They 
ave not been found m any other portion of the granite area. 
TThe author gave a detailed description of the microscopic struc- 
ture of the normal granite. He also described the spheroidal 
bodies, and gave n synopsis of the literature concerning the 
occurrence of similar concretionary bodies in granite. The 
■conclusion arrived at was, that concretionary bodies occurring in 
granite may, according to the mode of arrangement of their 
constituents, be divided into three classes, viz. (i) the 
^onerttionary patches of Phillips j (2) the p’anosphentes of 
Vogelsang ; (3) the belonospherites of Vogelsang. The 

sjdieroids from Mullaghderg belong to the last-mentioned class. 
They must be regarded as concretions formed, during the con- 
solidation of the granite magma, by a process of zonal and 
radial crystallization around an earlier- formed nucleus. Re- 
marks on this pajMt were offered by Mr. Rutley, Prof. Bonney, 
Dr. Hicks, and Prof. Judd.— On the skeleton of a Sauroptcry- 
gian from the Oxford Clay near Bedford, by R. Lydekker. — On 
the Eozoic and Palaeozoic rocks of the Atlantic coast of Canada 
in comparison with those of Western Europe and the interior of 
America, by Sir J. W. Dawson, F.K.S. The author referred to 
the fact that since 1845 he had contributed to the Proceedings of 
the Geological Society a number of papers on the geology of 
the eastern maritime provinces of Canacia, and it seemed useful 
to sum up the geology of the older formations and make such 
corrections and comparisons as seemed warranted by the new 
facts obtained by himself, and by other observers of whom men- 
tion is made in the paper. With reference to the Laurentian, 
he maintained its claim to be regarded as a regularly stratified 
system probably divisible into two or three aeries, and character- 
ized in its middle or upper portion by the accumulation of organic 
limestone, carbonaceous beds, and iron-ores on a vast scale. He 
nUo mentioned the almost universal prevalence in the northern 
hemisphere of the great plications of the crust which terminated 
thif period, and which necessarily separate it from all succeeding 
deposits. He next detailed its special development on the coast 
of the Atlantic, and the similarity of this wdth that found in Great 
Britain and elsewhere in the west of Europe. The Huronian 
he defined as a littoral series of deposits skirting the shores of 
the old Laurentian uplifu, and referred to some rocks which may 
be regarded as more oceanic equivalents. Its charooteis tn 
Newfoundland, Cape Breton, and New Brunswick were referred 
to, and compared with the Pebidiao, See., in England. The 
•questions as to an upper member of the Huronian or an inter- 
mediate series, the Basal Cambrian of Matthew in New Bruns- 
wick, were di^ussed. The very complete series of Cambrian 
tx>cks now recognized on the coast-region of Canada was noticed, 
in conneotion with its equivalency in details to the Cambrian of 
Britain and of Scandinavia, and the peculiar geographical con- 
ditions implied in the absence of the Lower Cambrian over a 
larm area of interior America. In the Ordovician age a marginal 
ana a anbmmrginal area existed 00 the east coast of America. 
The former is represented laegdy by bedded igneoas rocks, the 
latter by the venaarkable seats named by Logan the Que^ 
GronPf which was noticed in detail in connection, with its 
eqirivaleots farther west, and also in Europe, The Bilnrian, 
Devonhu^^and Caihcmlferous were then treated of, nnddete^ 


evidence shown os to thei^ cortformliy to the types of 
Europe rather than to those of America. Xh conclusiort, U 
pointed out that ihojtgh tho great systems of formatiahs cab ie 
recognized throughout the northern hemisphe^i their dWisjkMBii 
must differ in the marititne and inland regio^ and that haM And 
fast lines should not be drawn at the confines of systems, tiior ^ 
widely different formations of thO same age reduced to UA 
arbitrary uniformity of classification hot sanctioned by Nature. 

It was also inferred that the evidence jointed to a permanent con- 
tinuance of the Atlantic basin, thougn with great changes of iU 
boundaries, and to a remarkable parallelism of the formations 
deposited on its eastern and western sides. The Presidenti 
whilst recognizing the importance of the paper, doubted whether 
the question of correlation of the Pro-Cambrian rocks on ekber 
side of the Atlantic was ripe for discussion. Dr. Hicks agreed 
with most of the conclusions of the author, including the corrda- 
tion of the Huronian with the Pebidiao. Some obMrvations on 
the paper were also made by Dr. Scott, Dr. Hinde, and Mr. 
Marr.—On a homblende-biotite rock from Dusky Sound, NeW^ 
Zealand, by Captain F- W. Hutton. 

Zoological Society, May 1$. — Dr. A. GUnther, F.R. 3 ., 
Vice-President, in the chair. — The Secretary read a report on 
the additions that had been made to the Society's Menagerie 
during the month of April 18^ ; and called special attention 
to two Rock -hopper Penguins from the Auckland Islands, pre- 
sented by Capt. Sutcliff, R.M.S.S. Aorangi^ on April 19 ; also 
to two Indian Hill-Foxes, and to a fine example of the Sl>otted 
Hawk-Eagle {Sphaitus nipalmsit)^ presented by Colonel Alex. 
A. A. Kinloch, and received on April 20. -^A communication 
was read from Mr. George A, Treadwell, containing an 
account of a fatal case of poisoning from the bite of the Gila 
Monster {Heloderma Mr. Boulenger oxhibiled the 

type-specimen of a singular new genus of Snakes {Atenmps fern) 
recently discovered by M. Fea, of the Museo Civico of Genoa, 
in the Kakhim Hills, Upper Burma. Mr. Boulenger proposed 
to refer this genus provisionally to the family Elapidae.— The 
Secretary read a letter addressed to him by Mr, 1 *. C. Cotes, 
Entomological Department, Indian Museum, Calcutta, respecting 
the Insect- pests of India, and requesting the assistance of entomo- 
logists in working out the species to which they belong.— Mr. 
H. Seebohm exmbited and made remarks on a series of speci- 
mens of Pheasants from Mongolia, Tibet, and China, includinjg 
examples of the two species discovered by Colonel Prjevalski, 
P/tasmnm stmuchi and P, vlangali,—V\of* F. Jeffrey Bell 
exhibited and made remarks on three specimens of a larve 
Pennatulid (Funiculina quadranpslaris) obtained by Mr. John 
Murray on ihe west coast of Scotland. They showed very 
clearly the differences between examples of this species of differ- 
ent ages.— Mr. R. Bowdler Sharpe gave an account of a third 
collection of birds made by Mr. L. Wray in the main range of 
mountains of the Malay Peninsula, Perak. The present paper 
contained descriptions of ten species new to science, amongst 
which was a new PeruracotuSt proposed to be called P, — 
Prof. F. Jeffrey Bell read the descriptions of four new <ipccies of 
Ophiuroids from various localities.— Mr. F. E. Beddard read a 
paper containing remarks on certain points in the visceral . 
anatomy of Badceniceps rex bearing upon its affinities, which he 
considered to be with the Ardeidse rather than with the Ciconi- 
idle. Mr. G. B. Sowerby gave the description of a gigantic 
new species of Mollusk of the genus AspergiUum from ^pan, 
which he proposed to name A, gignnteum. 

Institution of Civil Engineers, May 39.— Annual 
General Meeting. — ^Mr. George B. Bruce, P^deht, in the 
chair. — After the reading of the Report, hearty votes of 
thanks were passed to the Presidetit, to the Vloe-Preside»ts, 
and other members of the Council, to the Audilon, to the 
Secretaries and staff, and to the Setuttpeerfi. — The ballot for the 
Council resulted in the election of Mr. G. B. Bruce, os President ; 
of Sir John Coode, Mr. G. Berldey, Mr^ H. Hayter, and Iffr, 

A. Giles, M.P., as Vice-PresidentB ; and of Mr. W. Anderson, 
Mr. B, Baker, Mr. J. W. Barry, Sir Henry Bessemer, F.R.S.* 
Mr. E. A. Cowper, Sir James N. Dodglass, F.R,S.. Sk 
Douglas Fox, Mr. C. Hawk^, Mr. J. MAusergb, Mr. W, H. 
Preece, F.R.S., Sir Robert RawUoson, Sir E. f- 

Reed. K.C.B., F.R.S., M.P., Mr. W. Shelfard, Mr. F. 4 
StUenian, and Sir WiUism Thomson, F.R.S. « as other 
bens of the CouncH.--.Thc Comicd has ipade the 
awards to the authors of some of the papers is»d spd diseoas^ 
St the MdinsiT ineet^ daring the ^ % 
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thA of protoedttigB without beiim discussed, M well at 

fi>r read «t the vupplemetital meetmgs of students }-*^FOr 

pfrpm tead and discuss^ at the ordinary meetings : a Telford 
MedaliaDd a Tel<ofd Premiuin to Robert Abbott Hadfield, for 
^^Kaangaiiese in its Application to Metallurgy/’ and **Some 
Neii^ly-discovcred Frop^es of Iron and Manganese ; a Watt 
M«dbd and a Telford Vremtum to Peter Wlliiam Willans, for 

EooQotny-Trials of a Non-condenaing Steam* Knmne, Simple, 
CdmpCfUDo, and Triple " ; a Telford Medal and a Telford Pre* 
miatn to Dr. Edward Hopkinson, for ’^Electrical Tramways^ 
the Bessbrook and Newry Tramway ; a Watt Medal and a 
Telford Premium to Edward Dayzand Ellington, for *’The 
DWtribution of t^draulic Power in London “ ; a Telford Medal 
and a Telford Premium to Josiah Pierce, Jun., for ’’The . 
Economic Use of the Plane-Table In Topogrfi4>Hical Surveying ” ; 
a Oeorge Stephenson Medal and a Telford Premium to Sir 
Eradfoio Leslie, K.C.I.E., for The Erection of the ’Jubilee’ 
Bridge, carrying the East Indian Railway across the River I 
Hooghly at Hoogbly ” ; and the Man^ Premium to the late 
Haimlton Goodall, for “The Use and Testing of Open-hearth 
Steel for Boiler-making.” For papers printed in the Proceed- 
ings without being discussed : a Watt Medal and a Telford 
Premium to Prof. Victor Auguste Ernest Dwclshauvers-Dcry, 
for “ A New Method of Investigation applied to the Action of 
Steam-Engine Governors ” ; and Telford Premiums to William 
Mann Thompson, for “ Improved Systems of Chaining for Land 
and Engineering Surveys ” ; to James William Wyatt, for 
' “ Sizing Paper with Rosin ” ; and to Dugalcl Drurauiond, for 
“The Heating of Carriages by Exhaust Steam on the Cale- 
donian Railway.” For papers read at the supplemental meetings 
of students the following Miller Prizes have been given : to 
David Sing Capper, for “The Speed-Trials of the latest 
addition to the Admiral Class of British War- Vessels “ ; to 
Lawrence Gibbs, for “Pumping-Machinery in the Fenlandand 
by the Trentside ” ; to Harold Medway Martin, for “Arched 
Ribs and Voussolr Arches ” j to John Henry Parkin, for “ River- 
Ciflinging at the Vymwy Reservoir”} to Alfred Chatterton, for 
“The Prevention and Extinction of Fires” ; lo John Holliday, 
for “Boiler Experiments and Fuel • Economy ” ; to Arthur 
Wharton Metcalfe, for “The Classification of Continous Rail- 
way-Brakes ” ; to Robert Jarratt Money, for “ Railway En- 
gineering in British North America.” 

Victoria Institute, June 4.— The annual general meeting 
was held at the house of the Society of Arts. The President, 
Prof. O. G. Stokes, P.R.S., M.P., took the chair. The twenty- 
second Annual Report was read by Captain Frank Petrie, the 
Honoraty Secretary, and Sir Monicr-Williams delivered an 
address on mystical Buddhism, A vote of thanks was accorded 
to the President. 

Paris. 

Academy of Sciences, May 28.— M. Janssen, President, in 
the chair.— 'New theory of equatorials (continued), by MM. 
Loewy and Puiseux. In order to verify the already explained 
theory, the authors here compare the values of the constants 
obtainiKl by physical processes with those resulting from the 
astronomical methods based on the observation of transits or on 
the apparent variations of the right ascensions or declinations. 
They conclude with some general remarks on the employment 
of the equatorial the measurement of low tempera- 

tures. by MM. L. CaiUctet and £, Colardeau. The researches 
here described have been undertaken for the purpose of obviat- 
iug the difficulties hitherto felt in employing hydrogen thermo- 
meters for the measurement of low tempemtures. — Researches 
on mthenkun, by MM. H. Debray and A. ]oly. These studies 
are occupied chiefly with the rutheniates of potassa and silver, 
and the heptarutheniates of potassa and soda. The authors And 
that, although there exists an evident analog in the composition 
and reactions of the rutheniate and heptarutneniateof potassa on^ 
the one hand, and the manganate and permanganate of potassa 
on Che other, no relation of isomorphism has been detected 
beiwOton tho mts of the acids of rotbeninm and those of man- 
ganese. Ihe rutheniate of potassa is hydrated, while the man- 
ganate, like the sulphate, is anhydrous. th« monthly charts 
of the Atlantic currents, V Simnri. Continuing the 
work of Commander Brnolt, the author has prepared two series 
Of duult (diagrams and results) based on 60,400 observations 
obBdned wofo the records of. the Flinch Admi^y smd various 
<rth«r sentroes. 1*he tiharu of resalts give the currents most 
to be met with Icom month to eH ihe y4Mwr imtnd, 
^ diagrii^ fodhide ithe ouivm that mayii6sti% he 
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met, especially near the coasts, where they present the greatest 
dangers to seafarers. — Origin of the aurora borealis, by M. Jean 
Luvini. This ph^omenon is regarded as analogous to the dis- 
charge of electricity in thunderstorms, the only difference con- 
sisting in their different degrees of intensity. Both are attributed 
to the friction of particles of water and ice and occasionally of 
other minute bodies drawn by the aerial currents into the hi^er 
atmospheric regions and disseminated over the terrestrial atmo- 
sphere some hundred miles thick. The northern lights are most 
frequent about the pole, where the air abounds most in icy particles 
and where the held of terrestrial magnetism is most intense.— Ob- 
servations of the new pldhct Palisa (279) made at (he Observatory 
of Algiers with the 0'5oni. telescope, by MM. Rambaud and Sy. 
These observatjjpns, which include the positions of two comparison 
stars and the apparent positions of the planet, cover the period 
from May 18 to May 22. — Observations of tlie planet Horelly 
(278) made at the Observatory of Marseilles with the o'a6m. 
Eichens equatorial, by M. Esmiol. During these observations, 
continued flrom May 13 to May 21, the planet appeared to be 
of magnitude 11*5.— On the suMinumera^ arcs accompanying 
the rainbow, by M. Boitel. The position of these arcs, as 
determined by Airy on the principles of diffraction, and generally 
accepted as absolute, is shown to be merely a flrst approxima- 
tion, which the author hopes soon to supplement by more 
accurate calculations.— Researches on the application of the 
rotatory power to the study of the compounds formed by the 
action of the neutral tungstates of soda and potassa on the 
solutions of tartaric acid, by M. D, Gernez. From these experi- 
ments it appears that the neutral tungstates of soda and potassa 
behave analogously in their action on tartaric acid. — On the 
sesquisulphide of rhodium, by M. K. Lcidi^. The author 
describes the methods of preparation of this substance and of 
the double sulphides both by the wet and dry processes.— Orv 
two isomerous naphlhoquinoleins, by M. Alphonse Combes. 
The only terms hitherto known of these rare compounds are 
those obtained by Skraup by making glycerine act on the 
naphthylamiues in the presence of sulphuric acid. The author 
here describes two new terms of the series, as well as a means 
by which several others may also be obtained. —On a new species 
of Core^onus, by M. Victor Fatio. To this species, discovered 
in the French Lake Bourget, the author has given the name of 
Cor^gmus Bezola, It is a wcll-defibed local variety.— On the 
germination of Anemone apennina^ by M. Ed. de janezewrki. 
This species presents in its germination a curious and most 
remarkable anomaly, differing in this respect from all other 
dicotyledonous plants, — On the bust of a woman carved in the 
root of an equine tooth, by M. Ed. Piette. This specimen of 
prehistoric art, recently discovered by the author in tne cave of 
Mas d’Azil, Ariegc, presents several points of interest to the 
anthropologist. Owing to the contracted space, the artist 
to suppress shoulders and arms, merely suggesting the outlmea 
of the sides. But the pendant breasts are well executed, and 
the profile of the face carefully delineated. The nose is large 
and rounded, the Ups thick, the chin retreating like that of the 
Naulette jaw, but the forehead is high and not receding like 
that of the Neanderthal skull. It is the third extant representa- 
tion of a woman of the Quaternary period, the two others being 
M. de Vibraye's “Venus” and the “Reindeer Woman/’ 
from Laugene ‘Basse. 

Berlin. 

Physical Society, May 18. — Prof, du Bois-Reymond,. 
President, in the chair.— Dr. Dietcrici gave an account of his 
experiments on the determination of the Talent heat of evapora- 
tion of water at o® C, Regnault’s experiments on the latent 
heat of eviqioration of water were made at higher teroperaiures, 
and bad led to the construction of a formula according to 
which the latent heat of evaporation at o* C. must be 607 units 
of<heat. The speaker, using an ice-calorimeter, had made 
a direct determination of this value. A glass tube, with its 
lower end blown out into a bulb and flll^ with water, was 
immersed in the chamber of the calorimeter, the upper of 
the tube being connected with an air-pump, and a small column 
of sulphuric acid being interposed between the pump and 
the tube. As soon as the apparatus had assumed a p^ectly 
uniform temperatone, a vacuum was produced by the air-pump, 
whereupon thu water in the tube evaporated, taking up from the 
calorifo^ef heat necessary for its Cvapontion^ Values Svere 
obtained kom a series of ten experiments, which differed Irom each 
Qti^ by Aot move than I per cent Inordcr to meet the objection 
be that the temperature at whkh 
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the omporation took p!am v as not o** C.f--*Dn Dieterid re- 
pented nU experiments, usinf a platinum instead of a 
tube. The values obtained in tnis set of experiments cmly dinered 
by i per cent. The mean of the two sets of experiments was 
Identi^i, and the final outcome of the whole research was that the 
latent heat of evaporation of water at o” C. is 596*4 thermal units. 
The speaker then discussed fully the theoretical significance of the 
above results, ard described an experiment he had made in 
order td determine the latent heat of evaporation of ice at o'* C. 
The method employed was the same as above, but it did not 
yield the value which was theoretically expected, which should 
have been equal to the sum of the latent heat of evaporation of 
water and of the latent heat of fusion of ice. The cause of the 
divei^nce was due to (he fact that the ice usqd clear 

and crystalline, but milky and opaque. Dr. Dieterici intends 
to repeat these determinations next winter. — Prof, von Bezold 
gave an account of a paper which he had recently read before 
the Berlin Academy on the thermodynamics of the atmosphere. 
Recent meteorology has derived very considerable benefit from 
the application of thermodynamics to events taking place in the 
atmosphere ; but up to tlie present time all the researches had 
only dealt with adiabatic and reversible processes. As a matter 
of fact, these processes are neither adiabatic nor reversible, since, 
when the air is cooled, its aqueous vap(>ur is condensed, and the 
water thus formed falls as either rain, hail, or snow. If both these 
facts are taken into account, the calculations involved thereby 
become so complicated that Prof, von Bezold was only enabled 
to proceed to the application of thermodynamics to the processes 
which really take place in the atmosphere by employing an 
artifice ; the latter consisted of the graphic method intro^ced 
by Clapeyron with such marked success as a technical method. 
For this puipose the consideration starts with the assumption 
^t the air is dry, in which case the equation for its condition 
is given in terms of its volume, pressure, and temperature, and 
can be represented by plane co-ordinates. The variable 
amount of aqueous vapour in the air is then treated as a further 
variable in the third co-ordinate, in such a way that for any given 
amount of aqueous vapour in the air a new co-ordinate repre- 
senting the change in condition of the air is obtained. When, 
on coming, a iwrtion of this aqueous vapour is condensed, the 
curve representing the change of condition passes over from one 
plane to the other, pursuing its further course in the latter plane. 
In this way it becomes possible, as the speaker fully showed, to 
treat uon-reversible and pseudo- adiabatic processes theoretically, 
according to the laws of thermodynamics. It can thus be 
shown in the case of the Fohn and of cyclones, as well as of anti- 
cyclones, which are not reversible but reversed processes, that 
the theoretical considerations lead to results which are found to 
be confirmed by experience. Thus, according to theory, in an 
anticyclone occurring in winter, there should be a rise of tem- 
perature at some height above the earth, a fact which is now 
observed at all meteorological stations at high altitudes. 

Physiological Society, May 25.— Prof, du Bois-Reymond, 
Prttident, in the chair.— Dr. Weyl gave an account of the 
results of his further researches on silk. Among the products 
of decomposition of albumen and proteid substances, one is 
known os a snowy crystalline body, which is considered to be 
leucin, and is generally r^rded as being also a product of the 
decomposition of silk. Since this substance may be obtained 
in large quantities by the decomposition of silk, the speaker had 
prepared it from this source and analyzed it, and has come to 
the conclusion that it is not leucin (amidocaproic acid), but rather 
another amidated ac’d— namely, alanin. Of the two possible 
isomera of alanin, it is o alanin which is obtained by the de- 
composition of silk. Dr. Weyl laid stress on the fact that 
Schutzenberger had also concluded that alanin and glycocol 
occur among the producU of decomposition of silk, notwith- 
standing that, during his elaborate and careful researches on 
proteids, he employed a method which is as unfavourable as can 
be imagined for determining this point : this result is now con- 
firmed by the speaker’s researches. SchUtsenberger’s further 
supp^ition, that an amido-add of the acrylic series can ^ pre- 
pweed from silk, was not supported bv Dr. WeyPs analysea^ 
The wc speaker further communicated the results of his re- 
searches on the physiologtcal action of anthnurobin and ohiys- 
arobin, which have recently been largely used in medical practice* 
TheM two subst^ces, whose cbemioid constitution and rela- 
nmwp to alUarin and anthracene have been made dear by 
LkbwMtta* an lar^y used as reducing-bodlw, eipeda^ in 
skin dMoases. Dr, Weyl endeavoured, by means ofmqpedments 


on rabbits and dogs, and on hiihseK to determine the ph3nlo» 
logical action of anuimrobin, and foim that it possesses abwlutcW 
00 action on the living organism, even when taken by the month 
in relatively large dosef, or injected subcutaneously. It com 
be detecteu in an unaltered condition in the urine, so that this 
substance, notwithstanding that it jpoesesaes a great affinity for 
oxygen, passes through the bo<& without being oximzOd* 
Chrysarooin. on the other hand, has a very dififetent action ; 
notwithstanding its close relatioiMhip to the nou-iidurkms 
anthrarobin, it has a powerfully poisonous action, to that all 
experiments made with it were 01 necessity confined to rabbits 
and dogs. 7'he speaker was unable to confirm the statements 
of several auihars that chrysarobin reappears in the urine as 
chrysophanic acid. It is rather his opinion that chrysarobin as 
first excreted in an unaltered Condition, and only subsequently 
undergoes a change into chrysOphanic acid* ft remains for 
further experiments to clear up this point.— Prof. Gad spoke on 
the phosporescent moss SMsi&sitigu osmundacca, which be hud 
been for ^ome time cultivating, and which he exhibited* A 
thorough investigation of the phosphorescent powers of this plant 
promises a rich harvest of fricts from a physical point of riew : 
ft is well known, ’on the basis of morphological research, that the 
phosphorescence is due to a reflection of the incident light. 

In the report of the Berlin Meteorological Society, May 1 
(p. 119), the expression “a spring-vane, ” should have been **a 
vane m^e of feathers.” 
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THE BOYS' “ YARRELLr 

Am Jtiusirated Manual of British Birds, By Howard 
Saunders, F.L.S., F.Z.S* Part I., April 1888. (Lon- 
don: Gurney and Jacksoa) 

A BOYS' “ Yarrell ” is a book that many ornithologists 
have long wished to see. More than six years ago a 
scheme for producing one was thought out, and Mr. 
Howard Saunders was invited, and consented, to aid in 
its production. Dis aliter visum — the scheme fell through 
for the time ; but now the proposed coadjutor has been 
favoured by fortune, and has by himself been able to put 
it into operation. He is to be heartily congratulated 
accordingly, and not only he, but scores if not hundreds 
of boys — to whom the work, just begun, will afford no less 
delight than good instruction. 

From the moment when the first part of the original 
edition of Yarreirs “ British Birds appeared — now more 
than fifty years ago— it was seen that a new era in the study 
had dawned. The author had no other scientific training 
than that which, amid the turmoil of business, he had been 
able to acquire for and by himself ; but he knew the value 
of scientific work, and having an uncommon amount of 
common-sense, he knew that the introduction of too much 
of it into his books would render them indigestible to the 
unscientific public of those days. Hence his “British 
Fishes ” and “ British Birds,*' though intentionally popu- 
lar, arc permeated by an only ha If- concealed thread of 
scientific thought, which, without its interfering with their 
reidableness, the true aspirant could catch, and guide htm- 
seli thereby to a higher level. From the publishers' point 
of view, these works were successful beyond expectation ; 
but they had one great drawback. They were abundantly 
illustrated, and therefore necessarily expensive. This put 
them, and especially the “ British Birds,” to which the 
theme of the present notice relates, out of the reach of 
almost all but those in easy circumstances. Scarcely a 
school-boy, however much he might covet a copy, such as 
he might happen to see in some more favoured hands, could 
out of his pocket-money afford to buy a “ Yarrell ” ; and 
even though the price of the later editions has been some- 
what reduced, there is not one of them that would be within 
his means. Moreover, they contained a good deal more 
than he eared to know. The sort of information he 
wanted was, let us say, whether the bird he saw on the 
top of a hedge was a Cirl-Bunting or not ; or whether, as 
the gamekeeper had told him, the Sparrow-Hawk was 
that artful to turn hisself ” into a Cuckoo in the spring ; 
or, again, whether the bird that had suddenly risen as he 
w^ked along the brook-side was a Summer-Snipe or a 
Sandpiper, and what was the difference, if any, between 
Of course he would also like to know how the Wild 
Dudfc gut her ducklings down mto the Waterfrom the hollow 
tree wideh he had found her neat, and what became of 
the $widlows in winter, and the Fieldfares in summer, 
amic gave all this in the best way poasibie, but 
’ (ita^^ed e great deal more that sebooi^boy did not care 
a IMdteh lur. It tdd him of ^ ordm and •'genera,” and 
to af hard as Greek 
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verbs. Every now and then there was a bit of anatomy ; 
but that was to the good, for your inquiring school-boy 
rather likes making a rough dissection, and is pleased to 
find that the windpipe of a drake differs from that of a 
duck. But then, again, there was a good deal of “ dis- 
tribution,” and he was bored by recollections of dreary 
geographical lessons,^ and was not interested at learning 
that such or such a bird was found in some country with 
a long name not easy to pronounce. 

With all these merits and defects, Yarrell's work, in all 
its editions^ undoubtedly held the field, and there grew up 
more than one imitation of it — specious, pretentious, and 
misleading. One of these plagiarisms has been “ embel- 
lished *' (that, at least, is the word used by the publisher) 
with coloured figures ; but unfortunately, among people 
who knew no better, as well as among people who ought 
to have known better, they have met with a success hardly 
inferior to the work from which they have been ingeniously 
and shamelessly “ cribbed.” This shows the exceeding 
popularity of the subject ; but it is disgusting to find in 
nearly every school-library one or more of these piratical 
works — generally instead of the good, though more costly, 
original, though sometimes on the same shelf with it, as if 
the two were of equal authority. The common excuse is the 
high price of the “ Yarrell,” but no excuse can justify the 
corruption of youthful minds by ignorance, twaddle, and 
inaccuracy. Better hunger than poison — if both be deadly, 
one will kill more quickly than the other ; and, since while 
there is life there is hope, the chance of proper aliment 
being timeously supplied exists in the former case, but in 
the latter even the antidote, if such a thing there be, may 
be exhibited m vain. 

The work now begun by Mr, Saunders ought to abolish 
for ever the excuse just spoken of. This “ Manual of 
British Birds ” is cheap, marvellously cheap, and as fully 
illustrated® as ordinary boys can wish. That the design 
he has followed is certain to have a good effect few in a 
position to give an opinion can doubt, and his treatment 
of it is satisfactory, considering the enormous difficulties 
in the way. When one thinks of the vast amount that 
has been written about British birds by men who have 
written from their own knowledge — leaving wholly aside 
the pilferers above complained of—it will be evident that 
no ordinary discrimination is needed to extract the 
essence and serve it up on an octavo page and a half, or 
perhaps a few lines more, for this is practically the 
amount of letterpress at Mr. Saunders's disposal, the top 
of the first page being reserved for a woodcut of the 
species. But Mr. Saunders has been a “Zoological 
Recorder,” and therefore has learnt the art of “ boiling 
down.” Occasionally there is a tendency to “ straggle ” 
—a favourite word of his, and one that is seldom apposite 
—and if verbal criticism be allowable, a protest might be 
made against “ segregate ” (more than once used) where 
separate is meant. But generally Mr. Saunders sets an 
admirable example in the matter of language, and one 
that all ornithological writers might well follow, since 
some of the more profuse of them have lately banished 
grammar and etymology to the outer planets, while style 
is a quality unthought of 

* All th« MVM, ih® ichiDol-boty of forty or fifty yearn ago did learn imu 

kie^ Of kam^ that hae kt^y been almott wholly droe^. 

* Xo* inuttranoDB comfiii moitly of reixfoductiona of the welf^kiiown 
«Yatrt«rwoodcwte. 
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There is one drawback in a work of this kind, and to 
eome extent it is perhaps unavoidable. Mr Saunders, 
Allowing literally the scheme originally laid before him, 
and disregarding the exceptions therein provided for, de- 
votes two pages to each species of bird. Now it is evident 
that this Procrustean plan cuts oif many details of the 
greatest interest from what might be said of some species, 
and compels the story of comparatively uninteresting 
species to be stretched out. Among* these last must of 
course be reckoned those which have only a few times 
made their way to the British Islands, and h^vc scarcely 
a claim to be called “ British ” birds. In a work like this, 
Mr. Saunders, with the justly-earned reputation he pos- 
sesses, might well have taVen a new departure; but, 
unfortunately, four out of the twenty species included in 
his first part come under this condemnation. Their room^ 
where every line is precious, would have been better than 
their company, and their introduction gives the beginner 
a wholly mistaken notion of the British fau na. Figures 
of the same absolute dimensions are often useful for 
certain purposes of comparison ; but to treat the Rock- 
Thrush and three exotic species of Wheatears on an equality 
with our real denizens, that have inhabited these islands 
longer probably than any human beings, is to present a 
piece of distorted perFpective. The practice was e.vcus- 
able in old days, and those that had to tread the ancient 
tracks were compelled to follow it ; but here was an op- 
portunity of striking out a fresh line. Of course there is 
great difficulty in drawing that line, for it must be drawn 
arbitrarily, but an arbitary line would be better than 
none. On a whaif a post-and-rail fence, or a suspended 
chain, may be placed almost at random, and people may 
say that it should have been a few inches nearer to, or 
further from, the brink, but if it saves them from falling 
into the water, few persons will not recognize the service 
it does. 

It is a pity that almost the first word in this excellent 
book is one to which exception must be taken. Mr. 
Saunders has brought back the vulgar name of “ Missel- 
Thrush,'* which some people fondly hoped had been for 
ever abrogated—as being either a corrupt abbreviation or 
wfeoJJy without meaning. Of course he can cite Willughby 
and a long stringof subsequent authorities in his favour ; but 
thc‘‘ tntciorum Jfiurlmorum ” principle is directly opposed 
to sound scientific sense ; and if Mr. Saunders will look 
up Willughby ’s predecessors - Charleion and Merrett— he 
will find that they do not admit the solecism. In a work of 
this kind, which cannot fail to have a great effect upon 
the rising generation of ornithologists, the least tendency 
to return to exploded errors is to be deplored. So much 
for criticism of the part which is now before me : I gladly 
say of the whole hook— Fiore at, Alfred N ewton. 


THEORY AND USE OF A PHYSICAL 
BALANCE, 

Theory and Use of a Physical Balance, By James Walker, 
M^., Demonstrator at the Clarendon Laboratory. 
(Oxford ; Clarendon Press, 1SS7.) 

T he author states that this publication was origiftaWy 
intended as a chapter of a book on practical 
physics for the use of students at the Claiendon Labota- 
tory, hut that he proposes to publish each chapter 


when ready, without waitlfig for the completion of the 
work. This method certainly has some advantages 
both from the author's and the student^ points of view. 
The practical study of physics, like that of all other 
sciences, and perhaps even to a greater extent than any 
other, is rapidly becoming specialized, with the necessary 
consequences that while each subdivision is expanding 
and becoming weighted with more details and technic- 
alities, many diligent workers on one part of the subject 
are indifferent 10 the methods and appliances used in 
other branches. The numerous army of students in 
electricity and magnetism may take, for example, but a 
very superficial interest in the exi^erimental side of 
acoustics or optics. At the same time it may be open 
to question whether it is advisable to break a work up 
into comparatively small fragment.*!, as appears to be 
the intention in the present case. Like all other matter, 
the subject may lose in cohesion by being presented in 
too fine a stale of division. 

The instalment now issued gives a detailed and precise 
description of one of Ocrtling’s balances used in the 
Clarendon Laboratory. The very clear explanation of 
the mechanism is assisted by three plates, one a photo- 
graph showing a general view, and the others line 
drawings of the various parts. Any want of clearness and 
definition in the photograph, which is not a particularly 
happy example of a collotype, is amply atoned for in the 
sectional diagrams. 

Details are given of the methods adopted by the 
manufacturers to insure the accurate adjustment of the 
knife-edges, to test for their parallelism, for their being in 
the same plane, for the equality of the lengths of the arms, 
and of the masses of the pans, &c. The expression for 
the sensibility of the balance is determined from the 
general equations of equilibrium, and practical instruc- 
tions are given with the necessary formulae for performing 
some half-dozen of the usual physical operations with 
the balance, such as the determination of density of 
bodies heavier and lighter than water, of bodies in small 
pieces, See, 

In a thorough and somewhat elaborate investigation, 
which seems hardly suitable for a work intended as a hand- 
book for a student entering on a course of laboratory in- 
struction, the writer discusses the equations of motion of a 
balance, and shows that the method of determining the 
position of equilibrium from the amplitude of the oscHla- 
tions on either side of the zero is not rigidly correct, since 
the beam with its adjuncts have not a simple liefinite 
period of vibration like a pendulum. The reassuring 
result is, however, arrived at, that the errors introduced 
arc of a vanishing order, if the masses in the pans remain 
constant during a set of weighings. 

Borda's method of counterpoising to eliminate errors 
of the instrument is recommended according to the usual 
practice, a mass heavier than the substance to be weighed 
being placed in the left-hand pan, While the substance 
and known masses are placed in the right-haitd pan 
bring the beam into an observed position of eqailibrium. 
This procedure has advantages over the more fodioue 
and less cleanly plan of exactly counterbateficing the 
substance with shot and fmc sand, i!kc. 

In allomng for the supporting force of the 
the author assumes that the average amount hi 
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thjUtiTUMiy be taken as two thirds of 1 he maximum possible, of botanical literature early took root in this country, 
Tbis seems a very high value for a closed and artificially and has perhaps attained a development unknown else- 
lieaitedrooiii; certainly much in excess for air in a balance where. Interesting among the earlier of such publications 
case which contains any substance, such as chloride of is John Ray's Catalogus Flantarum circa Cantabrigiam 
caldum, for absorbing the moisture. Perhaps it is the nascentiuiu,” which dates (i66o) nearly a hundred years 
uncertainty as to the condition of the air thus artificially before the first edition of Linnxus's Species Plantaruni.'' 
Uetated which causes the author to omit any reference to It is interesting alike for its botany ajid its botanical 
ally of the hygroscopic subitances usually employed. history. But the importance of exactitude in recording 

The standard masses used at the Clarendon Laboratory the localities of pl^ts was not thoroughly realized by 
are stated to be marked with their apparent value in amateur botanists until they were stimulated thereto by 
air at lo®" C. and 76 cm, of mercury. It is the usual the methodical and conscientious, though somewhat dis- 
custom, we believe, to mark the absolute value of the cursive, phytogeographical writings of the late Hewett 
masses. For work not requiring the most refined pre- Cottrell Watson. Now, thanks to the exertions of the 
cautions, the convenience of weights marked with their competent few, English amateur botanists ai‘e so iho- 
apparent value is obvious ; no correction need be made roughly educated in geographical botany at the beginning 
for the supporting force of the air on the weights ; but if of their studies, that the careless, or, what is worse, the 
that accuracy is considered sufficient, it seems an un- unprincipled, recorder of assumed localities of the rarer 
ivecessary refinement to complicate the formula' by plants, is at once discovered and exposed. The latU 
introducing a correction for the difference between the tudinal and altitudinal range of each species is now 
Umperature of the air and of the water in which the known with such accuracy that any new record outside 
substance is weighed. of the known limits is at once scrutinized and tested, 

The work is very clearly written and admirably printed, and only accepted on the best authority. It is a ques- 
and will doubtless form, when completed (and wc hope tion, however, whether this sort of thing is not being 
this will not be at a distant date), a valuable addi- overdone. 

tion to the text-books on this subject. Wc have only Mr. Lees expresses a hope that the acknowledged 
noticed two mistakes in the text ---the omission of the adoption of Baker’s admirable method of inquiry and 
small over-weight at line 23, p. 12, and of the length of statement will not be regarded as too servile. We think 
the arm, a, at line 10, p. r6 ; but neither of these omissions it will not ; and had the imitation been carried a little 
affects the final results. The average student would, further, and the briefer and mo^e condensed style of the 
however, probably prefer that a larger portion of the pattern followed, it would have been a distinct advantage, 
space should be devoted to the more practical side of because it would have reduced the size of the book with- 
Ihe subject, to hints and precautions to be taken in various out in the least impairing its value. The area of West 
Operations; those given are very good, but they might Yorkshire is about 2750 square miles, and this is divided 
with advantage have been extended. It would also, we into ten drainage districts, varying in size from 30 square 
think, he useful to indicate by numerical examples miles (Mersey tributaries) to 570 square miles— Don with 
^ order of magnitude of the various corrections Dearne ; and the stations, or a selection of stations, in 
to be applied, so that a student may judge what which a given plant is known to occur in each of these 
corrections may be safely omitted in the particular districts are given — in many instances, in what we should 
observation on which he is engaged. Some of the space regard as excessive detail. Whether it would not 

have been better to amalgamate some of the districts, 
instead of adhering so closely to a principle as to main- 
tain a very small portion of a drainage area as a distinct 
district, wc will not pretend to decide ; but there is no 
doubt it would have resulted in a considerable saving of 
space, which might have been profitably devoted to a 
brief expoeitioji of tlie total geographical area of each 
genus and species. 

With regard to the manner in which Mr. Lees has 
executed the task he undertook, there is ample evi- 
dence that' he has spared no pains; and we have 
means of knowing that those most concerned are very 
grateful for such a store of well- sifted records. Never- 
theless, this work, which forms the second volume of 
the botanical series of the Transactions of the York- 
shire Naturalists^ Union, has its peculiarities, chiefly 
of a literary kind. On opening the book, we happened 
to light on the Focewoed,” first of all, and we naturally 
expected thvit our author was a purist who wrote only 
Saxon EughsU ; but we soon discovered that uncommon 
words, irrespective of their origin^ are dragged into use, 
and sometimes so pilted op as to obscure not a littlfe the 
meaning of the somewhat inflated sentences. However, 
Uiia jpeculiatity is not carried so far as to constitute a 


given to the description of the instrument might, we 
think, have been more profitably devoted to a general 
account of other types of construction. Only a passing 
reference is made to the short-beam ” balance, and 
other modifications of the physical balance are not 
alluded to. 


THE FLORA OF WEST YORKSHIRE. 

Th 0 Fhra 0/ W^st Yorkskirt^ with a Skeich 0/ the 
CUmaMo^ and Uthohgy in connection therewith. 
By Frederic Arnold Lees. 8vo, pp. 843, with a Map. 
(London : Lovell Reeve and Co., 1888.) 

I T is just a quarter of a century since John Gilbert 
Baker's excellent book on the botany, geology, 
chmate, and i^ysical geography of North Yorkshire 
speared, ^ and the present volume, devoted to West 
Iforkshife, is avowedly moulded on that model. Since 
then, EngliA county and other local floras" have 
become very numerous ^.^maay of them well executed, 
otWe indifferently. We do not mean to say that Mr. 
Baker whs the originator of local “ floEas,” for this branch 

Y W« ukpdwMift dmt < nvw h iti prvpunitkti, 
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serious defect in the work, and may be passed over with 
this allusion. 

Very interesting are two introductory chapters on the 
climatology and lithology of West Yorkshire, specially in 
relation to plant-life, which many persons would doubts 
less gladly possess, apart from the enumeration of the 
plants of the region. In the list of pelophilous (clay- 
loving;) plants, we note Sptrcea Filipendula^ a plant so 
strictly associated with chalk in the •south of England, 
that we are surprised to find it among those characteristic 
of clay and mud-soils. Perhaps it was a the pen 

for 5 . Ulmaria f 

The total number of species of vascular plants enumer- 
ated is X042, whereof 995 are phanerogams, which is 
equal to the whole phanerogamic flora of New Zealand, 
even after allowing 40 off for “ critical species of various 
genera. On the other hand, the vascular cryptogams of 
West Yorkshire are only 47 against 138 in New Zea- 
land, of which 120 are ferns. Fortunately for the New 
Zealanders, and Australians too, for that matter, they are 
free from the horse-tails,” which are such terrible pests 
to fanners in some districts of this country; but seven 
species are indigenous in West Yorkshire. 

Cellular cryptogams are also included in Lees’s 
‘‘ Flora,” and occupy about 250 pages. The enumera- 
tions of some of the groups are exceedingly imperfect 
— imperfect in consequence of their not having been 
investigated— and it would have been much more con- 
venient for the majority of workers had this class been 
reserved for a separate volume. W. B, H. 


OUR BOOK SHELF. 

A Manual of Practical Assaying. By John Mitchell, 
F.C.S. Edited by William Crookes, F.R.S. Sixth 
Edition. (London ; Longmans, Green, and Co., 1888.) 

Mitchell’s “Assaying” is so well known to all whom 
the subject concerns, that it is hardly necessary at present 
to do more than announce the appearance of a new 
edition. In this edition, as Mr. Crookes explains, much 
new matter has been introduced, and matter which had 
become obsolete has been omitted. Among the more 
important of the additions are descriptions of the “auto- 
matic sampling-machine,” invented by Mr. D. W. Brun- 
ton ; many new gas-furnaces and burners for the laboratory, 
devised by Mr. Fletcher, Messrs. J. J. Griffin, and others ; 
new blow-pipe reagents and operations ; new processes, 
dosimetric, volumetric, and calorimetric, for the partial 
and complete assay of iron ores, iron, steel, spiegeleiscn, 
See, In the copper assay the American system of fire 
assay is here, for the first time in this country, fully de- 
scribed. In the assay of silver, the action of bismuth on 
the ductility of this metal hks received adequate atten- 
tion. Much has been added about gold ores ; and 
improved modes of assaying the precious metal and 
detecting it in poor ores are given. The number of 
woodcuts has been increased from 188 in the last edition 
to 202 in the present edition. 

Asbestos, its Production and Use. By Robert H. Jones. 
(London ; Crosby Lockwood and Son, 1888,) 

This little book, WTitten in epistolary style, though pos- 
sessing little or no scientific value, contains an interesting 
account of the “ asbestos ” mines of Canada, and of the 
methods pursued in working the mineral in that country. 
It is precisely ten years rince the first Canadian 
chrysotile mines were opened, and the annual yield at the 
present time appears to be more than 2000 tons, so that the 
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new locality is rapidly becoming an important rival to the 
older and tetter-known asbestos mines of the Italian Alps. 
The author gives a brief description of the mode of occur- 
rence of the mineral in the Serpentine belt which traverses 
the provinces of Megatitic and Beauce in Quebec, and 
prophesies a wider development of this industry in the 
future ; he does not, however, supply any such details as 
would suggest either the origin or the probable extent of 
the Canadian “ asbestos,” and the book contains no 
original observations of any scientific importance. The 
author does not appear to be aware of the difference 
between asbestos and chrysotile. The pages most inter- 
esting to general readers are those which contain an 
account of the latest uses to which the mineral is now 
applied ; among which may be mentioned fire-balloons, 
theatre-curtains, fire-proof paint, filters, and letter-paper. 

Industrial Instruction. By Robert Seidel. Translated 
by Margaret K. Smith. (Boston : D. C. Heath and 
Co., 1888.) 

In the years 1882 and 1884 industrial instruction formed 
the subject of much discussion in the Synod of the Canton 
of Zurich. Herr Seidel, who had long devoted earnest 
attention to the question, carefully answered all the 
objections to industrial education which were raised in the 
course of these debates ; and the substance of his replies 
is embodied in the work translated in the present volume. 
If there is still anyone who has doubts as to the value of 
manual training in schools, he would profit largely by 
reading this little book. Herr Seidel's main point is that 
such training is absolutely essential in the interests of true 
education, and in working out this view he displays great 
intellectual resource and a thorough appreciation of the 
laws of mental growth. He is not afraid that when the 
need for this “ new departure ” is generally recognized 
the task imposed upon teachers will be beyond their 
capacities. “The training of teachers for industrial in- 
struction,” he says, “ offers no difficulty, and will not (as 
has been asserted) by aiw means involve the necessity for 
two kinds of teachers. The teacher can very well master 
the new task, and if his prejudice has disappeared, will 
very gladly undertake it. Probably the imparting of 
industrial instruction will become a favourite employment 
of the teacher, because the change refreshes and the 
labour gladdens him.” 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions 
expressed by his correspondents. Neither can he under- 
take to return, or to correspond with the writers of, 
rejected manuscripts intended for this or any other pari 
oj Nature. No notice is taken of anonymous communi- 
cations,] 

Electric Fishes in the River Uruguay. 

In Sir Horace Rumbold’s “Great Silver River” (London, 
1887 the author, when on the Upper Uruguay ab^e Uni- 
guayana, speaks of a “ kind of Electric Eel {Gyamotus) called 
here Rayo or Lightning, of the effects of contact with which, 
very curious and unrelateable stories are told.” 

The range of the Gymnoti U usually supposed to be con- 
fined to the waters of the Orinoco and Amazons and their 
affluents, so that it would be very desirable to ascertain what 
this supposed electric fish of the Rio Uruguay really is. Perhaps 
some of your readers in the Argentine Republic may be able to 
assist us in solving this problem, which would be best done by 
the transmission of specimens of the fish in question to tte 
British Museum, P, L SctATER. 

3 Hanover Square, London, W., June 8. 

The Salt Industry in the United Stateh. 

Me. Ward in his letter to NATUk* (Mey 10^ P* 
respecting the salt industry in the United StfUes, m^es nu men^ 
tion of -the Ixcq^ortaat ani numerous contributions to the 
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literature of that subject by Dr. Charles A. Goessmann, at the 
present time Director of the Massachusetts Agricultural Experi* 
ment Station, but formerly, from 1861 to 1^, chemist to the 
Ohondan Salt Company, at Syracuse, N.Y. While filling that 
position ne investi^ted very thoroughly the salt deposits ofNew 
York, Michigan, Goderich, Canada, and Petit Ansc Island, 
l^ouldana, and his published reports and memoirs (some twenty 
in number) npon the salines, brines, and mineral springs of the 
country form, for the period which they cover, a very complete 
and valuable record ot the salt industry in the United States. 

Amherst, Mass., May a6. F. Tuckkrman. 


Prof. Oreenhill on ” Kinematics and Dynamics.” 

May I ask space for a few short comments on Prof. Greenhill’s 
letter in your issue of May 17 (p. 54), so far as it is directed 
against myself. 

(i) The circumlocutions ” referred to are not of my devising, 
but are current phrases which involve no ambiguity and are useful 
for avoiding frequent repetition. 

(3) It is not true that “ although such words os * a force equal 
to the weight of the mass of 10 pound weights ’ do not occur in 
Prof* MacGregor's book, they are strictly derived from his de- 
finitions.'' According to my definitions, it is the body itself 
which has weight, not its mass ; and the above phrase is therefore 
meaningless. 

(3) Prof. Greenhill has not cited a single instance to justify 
his charge that 1 am at variance with my own definition 
of the weight of a body in the majority of the subsequent 
examples. 

(4) He now seems to admit that in my hydrostatical equations 
pressure may be expressed in pounds on the square fool, but to 
claim that it can be done only in a clumsy manner. There is 
doubtless a certain clumsiness, but it seems to me to be due to 
the employment of a clumsy set of units. 

(5) Your reviewer still demands that I should give the 
dimensions of the earth, not in terms of the actual metre, but 
in terms of what the original designers of the metre intended it 
to be ; but he gives no reason for this strange demand. 

(6) If the knot is a unit of velocity, the term knofs per hour is 
of course redundant. 1 have always considered it an abbrevia- 
tion, but have no means at hand of settling the point. 

(7) Prof. Greenhill tacitly admits that he was in error in ac- 
cusing me of misusing the term elongation. 

(8) He makes no attempt to substantiate his statement that 
my equations of energy were not expressed in pioper form. 

(9) He does not answer my question as to which of the most 
recent treatises on dynamics my treatment of units shows me to 
have read without profit and discrimination. 

Edinburgh, May 31. J, G. MacGregor. 


Further Use of Ptolemy’s Theorem (Euclid, VI. D.) 
for a Problem in Maxima and Minima, 

To find E within AAT 3 C such that 

AE sin BEG + BE sin CEA + CE sin AEB 
shall be a maximum. 


A 



ftM eamtant ; produce AE to cut circum-circic of BEC 
U then a fixed circle) in D. 

.-Jlben, sin BEA s® aln BKD * sin BCD# 
fin AEC sin Ctn ^ sin CBD, 

M gk B6C sin BliC ; 


* _ CD ^ DB 

sin BEC sin AEC sin AEB * 

. AE sin BEC -f BE sin CEA 4 - CE sin AEB 
is proportional to 

AE . BC 4- BE . CD 4- CE . BD. 
and therefore to 

AE . BC + ED . BC. (Eu. VI. D), 
which * 

sr AD . BC. 

For a maxiafium AE passes through centre of ci ream -circle of 
BEC. 

Similarly BE passes through centre of circum-circle of CEA. 
Let it cut It again in F. 

^ BCE = ^ BOE, 

= X BFA in same segment of circle through F, A, B, D, 
= / ACE. 

Similarly 

AE, BE bisect 4 CAB, ABC. 

E is the in-centre of AABC. 

Bedford. E. M. Langley* 


DavU’s Biology.” 

Tr I may argue from the contents of Mr. Davis's book, be 
should be a good jvidge of what constitutes fallinjj into a com- 
mon mistake," and yet I cannot accept his opinion as to my 
having accomplished this feat. I have refrained from enumerat- 
ing the common mistakes which his little book contains, but 1 
am not prepared to allow him to lay down the law as to 
educational methods. In my opinion it is a grievous error to 
present any .subject of study to University students under two 
aspects, that of ** pass " and that of “ honours." Whatever is 
worth doing at .all (in academic exercises) is worth doing well, 
and no regulations sanctioned by any University Senate — however 
philanthropic, incompetent, and imperial— can make the perennial 
Iteration of the statements in a cram -book concerning six plants 
and six animals a satisfactory substitute for the study of 
zoological and botanical science, or anything but a pernicious 
torturing of the youthful mind. The Reviewer. 


M. PAYEES THEORY OF STORMS.^ 

A CCORDING to M. Faye, “ There exist in meteorology 
two theories diametrically opposed — one which con- 
siders air-whirls round a vertical axis, including cyclones, 
typhoons, tornadoes, and waterspouts, to originate in the 
upper currents of the atmosphere ; and the other which 
considers each of these as the effect of a local rarefaction, 
giving rise at the surface of the ground, in an atmosphere 
in a more or less unstable condition, to an ascending 
current of air, which borrows a gyratory tendency from 
the rotation of the ground itself." Such is the opening 
sentence of the pamphlet before us, which embodies a 
M. Faye's discussions in the French Academy 
with those who do not accept his peculiar views on the 
generation of atmospheric disturbances. 

M. Faye upholds the former theory with that incisive 
vigour which characterizes our Gallic neighbours, and 
attacks the meteorologists with whose writings he is 
acquainted, beginning with poor Franklin and ending 
with Sprung in 1885, without mercy, but at the same time 
without the smallest reference to physics apart from 
mechanics. 

Before pointing out some of the grave errors of fact, aS 
well as theory, into which wc deem M. Faye to have 
fallen, it may be as well to sec if we cannot attempt a 
reconciliatton between these two opposite views, which 
are considered to be prevalent. 

To avoid mixing up tomadoe.s and cyclones, which we 
hold to be, if not genetically, at all events specifically, djs» 
tinctylet bs first consider the former alone. The point 

* ** SifZ Ha Par M. K. Faye, (Paris i Gauthier- VI Kara, 

sSe;.) 
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that M. Faye insists upon all through is, that these arise 
solel)r through inequalities in the upper currents, causing 
gyration round a vertical axis, which, like a river eddy, is 
propagated from above downwards, by a descending motioH 
Ciftkeairt M.CoIladon, referring to M. Faye’s view, describes 
the supposed action as “unmouvement tourbillonnaire 
a^ricn const itu ant ^ son intdrieur une trornbe aspirairice 
h mouvement descendani.^* M. Faye, therefore, postulates 
two points: (i) that the movement tommences above; 
,(2) that it is propagated downwards by a descending 
motion, accompanied by gyration round a vertical axis. 
The opposite theory, as presented by M. Faye, is the 
exact inverse of thi'!, since it makes the action (i) com- 
mence at the earth’s surface ; (2) propagate itself up- 
wards ; and (3) borrow its gyration from that of the 
earth. Here, however, we find ourselves distinctly at issue 
with M. Faye, for we do not believe that the leaders of 
modern meteorology entertain any such view as the 
latter. The surface of the earth is the most unlikely 
birthplace for a tornado, whirlwind, or waterspout. In 
order to maintain an ascending current, the air must be 
nearly saturated, and this will generally occur only in 
and near the lowest cloud stratum. The vertical tem- 
perature gradient and disturbances which start the action, 
will likewise operate most effectively at this level, so that 
all the conditions which unite to cause a tornado will tend 
to commence at some distance above the earth’s surface. 
On the question of level, therefore, we may invite M. 
Faye to agree with us. Then comes the question of the 
’downward propagation. 

The entire gist of the question appears to us to lie in 
this downward propagation. The physical theory de- 
veloped by Ferrel and Sprung makes the action commence 
in a slight upward motion in unstable air, due to a tem- 
,perature inequality or some other cause, the only other 
condition being a gentle gyratory motion relative to some 
central point, which is never wanting in a cyclonic area. 
Once the motion is started, and the air which feeds it is 
nearly or quite saturated, the action will go on and be 
propagated downwards, not by a descent of the atr^ but 
by the transference of the physical conditions which 
favour the continuance and maximum development of the 
“ courant ascendant.” The increasing rapidity of gy ration 
of the air as it approaches the axis, however gentle it may 
l)e at starting, only allows it to partially feed the initial 
and continunlly reproduced vacuum, which is thus com- 
pelled to draw its supplies chiefly from the non-gyrating 
air at the lower end of the at'rial shaft. As this is drawn 
upwards, the centrally aspired surrounding air is made to 
|;yratc more rapidly (partly by the friction of the buper- 
jacent rotating layer], and thus the gyratory and other 
conditions are propagated downwarxls until a balance is 
struck between supply and demand. 

The theory thus sketched may be termed the modern 
theory of aspiration as applied to tornadoes, and will, wc 
venture to think, be found to meet all M. Faye's objections 
to the first crude notions which prevailed in past years 
from a study of a few isolated surface conditions. 

Before proceeding to notice the objections which M. 
Faye brings against the existence of either an upward 
current or any sort of aspiration in tornadoes, we must first 
touch upon the cognate question of cyclone generation, 
which he explains on the same principles ; * and here, with- 
out attempting to give anyVeview of the modern theory, 
which involves as a primary condition a horizontal 
temperature anomaly over a corsiderable area, we 
may observe that the two main objections brought by M. 

against the ordinary view of their formation arc, 
fO that it assumes the existence of centripetal currents^ 
and hencj^ aspiration towards their axes ; (3) that it gives 

* Then Is DQ eomnectlng Ihtk between the two, le. tke etaSlUr 
cyolobto do not begih When the Imr tornadoes leave oST. The avenge 
xTtt of 600 tornadoes Stt fh* Ignited Kates wes found to be 1065 lae 

average sin of the cydU nes is os many 


no explanation of their movements ovet the earth's 
surface. 

With respect to the first objection, M* Faye draws 
attention to a principle which he develops on p. 46^ 
according to which the isobars in the temperate tone do 
not correctly represent the motions of the air in a cydone, 
and says we must look at the isobars in a tropical cyclone 
if we wish to arrive at correct conclusions. 

Here, according to M. Faye (pp. 2 and 46), where “by 
the ancient theory the direction of the wind ought to cut 
the isobar at an angle of nearly 90^ the angle is sensibly 
nothing ; the pretended centripetd component disappears ; 
and the isobars and the wind arrows display an almost 
rigorous circularity!^ Again, on p. 12 he ridicules the 
idea of a barometric gradient in the tropics^ where the 
wind blows precisely along ilie isobars.” It is with no 
desire to inaulge in mere polemic that we take up the 
gauntlet thus thrown down, but the magnificent work of 
that most careful and renowned inductive meteorologist 
Prof. Loomis which he has been lately revising, enables 
us to show most conclusively not only that in the latitude 
of the Philippines which is nearly the equatorial limit of 
true cyclones, the direction of the wind in a particularly 
violent and well observed typhoon cut the isobars right 
through at the large angle of 62” ; but that an extensive 
comparison of similar conditions, embraced in a large 
number of violent storms in different latitudes, shows that 
the angle between the winds and the isobars increases as 
it should do according to theory from the poles to the 
equator. 

The accompanying figure represents the observations 
accurately, except that the isobars were not as there 
exactly circular ; while the following table shows at 
a glance how entirely opposed M. Faye’s statement is 
to the true facts, in the very region where he says, “ les 
isobaresclles nuimes dessinent surle sol comme les filches 
du vent un Edifice cyclonique non encore dtformi^y We 
have no hesitation therefore in saying that these obser- 
vations of Prof. Loomis not only give the death-blow, if 
one ^ye^e needed, to the purely circular theory of Reid and 
Piddington, but constitute a conclusive argument against 
M. Faye’s theory of downward gyratory currents and non- 
aspiration in cyclones. 


Inclination of the Wind to the Isobars Violent Stomps. 

Latitude. Inclination (T 

wind to isobar. 

Arctic Regions ... 7056 

Atlantic Oceim ... 56 15 

Unitetl States ... 4^ o 

India jind Bay of Bengal ao 48 

Philippine Islands . . 14 35 

It is true both from theory and observation that the 
inclination is less on sea than on land, and usually less as 
we approach the centre ; but the above cases suffice to 
show thfC danger which might attend an unmodifi^ 
adherence to the circular theory, or the rough empirical 
Buys Ballot, which is its practical expression. Dr. 
Meldrum, F.R.S., of Mauritius, as we have pointed out 
in a previous article (NATUitE, vol. xxvL p. *1), has 
frequently exposed the danger of following the purely 
circular theory, and in a number of the Journal of the 
Mauritius Meteorological Society for July i'883, life 
^ which the captain of the ship 

Caiedonten on January 24, 1883, deliberately ran it into 
the centre of a cyclone by following the circular rutea* 

P ortunately he subsequently became aware of His ^rror^ 
and altered his course just in time to escape tibe 
The second objection brought by M. 1^5^ 
physical the^of cydones is, tbit It canimt tfeir 
general motions apd course over the eatth. we itdUiit 
e^ry, Sketched In his etatiimenu 

which he considers to represent ^ 4Meni metebte^^ 


2^ 35 
30 6 
40 3 

13 
>2 13 
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viewit could scarcely hope to account for this ; 
but if he will allow the nieteorol^ists to rise with hirn a 
few thouaend £eet above the ground, he will find that the 
theory,” of which he uppers to regard himself as 
the^scoverer and sole exponent, has for some years been 
recegftised as one of the chief possible causes of the 
motion of cyclonic systems. 

Prof. Ferrel, a representative meteorologist, con- 
siders the motions of the upper and middle currents to be 
^tprincipcU cause of the motion of a cyclone in longitude ; 
its motion in latitude, which is generally towards the poles, 
being due to the inherent tendency which a mass or fluid 
gyrating in the same sense as the hemisphere in which it 
is situated, has to press towards its pole. 

Prof Loomis, an equally representative inductive me- 
teorologist, is more cautious ; but in his latest work,^ 
while admitting the existence of numerous other physical 
factors to account for the frequently anomalous move- 
ments of storm centres — which M. Faye elegantly ignores 


— he agrees in attributing their general directions of 
translation to the general extrinsic movement of the 
atmosphere at the time, at some height above the surface, 
in combination with the intrinsic mechanical principle 
just mentioned 

That these are not the sole causes of the motion of 
cyclones may, however, be freely admitted, and we quite 
agree with the remark which Id. Faye triumphantly 
quotes in italics from Dr. Sprung’s recent “ Lchrbtich.” on 
p. 14, viz. that ^'nbne of the theories which have oeen 
put forward will alone suffice to completely explain the 
motion of translation of cyclones.” 

Many facts, such as the observed direction of the upper 
clouds over and surrounding a cyclone, the velocities at 
the surface in differeni quadrants, the retardation of the 
barometric minima at mountain stations, and the fre- 
quently small elevation reached by the entire disturbance 
(not more than 6500 feet according to Loomis) — which 
arc all entirely overlooked by M. Faye — tally more with 



The MaiUtla cyclone of October ao, iSSa, The Brro>^'» denote the direction of Uic wint ; the circles dciioie Oic isobarwa' inter* als of 5inai. ; 
the inclination uf the arrows to the Uobars Was consiam all through^ and = br'z. 


a species of wave-motion by which the conditions are 
continually reproduced in a certain direction than with 
the drift theory, and in any case require other and 
additional causes for their complete elucidation. 

We therefore entirely dissent from M. Faye's dictum 
that the failure up to date to discover all the causes of 
the motion of cyclonic areas is to be considered “ an 
irremedkble check to their meteorological theory,” and 
we. eqtudly fail to recognim how the drift theory as put 
foewam by him strengthens his case in favour of down- 
ward atioufMi m tornadoes, or advancea our knowledge of 
c^ldiie and (omado motion one step beyond the position 
it HasaMady mdwd. 
return to tommdoes^ 

> F«d|y gemed with hie |afec<mceived theory of gyratton> 
W td loi^alitiea iA' tM the upper cumnt% 

of aty atong the ads of the 

/ iSSy. ^ 


whirl, and completely disregarding all evidence of upward 
motion or aspiration, M. Faye devotes the main part of 
his pamphlet to criticizing in turn the various experiments, 
and opinions of MM. Weyher, Colladon, Lasne, and. 
.Schwedofif, with the result that he likes none of them, for 
the very obvious reason that, while they differ from one 
another in certain points, they all demand aspiration and 
upward motion along the axis. 

We have not space to follow all these attacks in detail,, 
but we venture to think that before attempting to strangle 
all adverse hypodieses it would have been wise if M. 
Faye had placed his own theory on a substantia} basis of- 
either physical and mechanical principles^ or experiment 
As U iSi t« sole foundations he appears to rest upon are 
(i) the analogy of the river eddy, and (2) the fancied. 
absence of au indicatkma of upward aspiration either 
during or altet the pas^^e of a tornado. 

Re^rding (0 we nw only refer to M. Weyher’s. 

ydiich wc recently reviewed in Natur®, la^ 
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order to point out that^ by causing rotation at the surface, 
M* Weyner found himself unable to produce a gyratory 
system extending doivn wards into the liquid from the 
area of rotation. On the other hand, he always found 
rotation^ wlmther above or below, produce aspiration (ac- 
companied By gyration) towards the area initially set in 
motion. According to these results, therefore, river eddies 
produced by inequalities in the horizontal flow cannot 
propagate tnemselves below the area of flow disturbance. 

Now it is precisely this very form of river eddy which M. 
Faye takes as his analogue to the aerial tornado, and it 
is here that his argument fails ; for, while he (ffaws atten- 
tion to the system of downward motion and gyration in 
an eddy caused by an outflow through an orifice in the 
bottom of a vessel containing liquid, where such motion 
and gyration is evidently caused by the outflow, he is 
obliged to avoid all reference to outflow at the surface as 
a cause in the supposed downward atmospheric gyrations. 
At the same time he imagines that an entirely similar 
system takes place, in the river, and the atmospheric 
eddies, as in that produced by efflux, which propagates 
itself downwards simply through initial rotations taking 
place in the upper portions, of the liquid in the one case, 
and of the atmosphere in the other. We have no hesita- 
tion in saying that even if such an action were possible, 
which we strongly doubt, it is in direct opposition to all 
that we know of tornadoes, either deductively from physical 
theory, or inductively from the facts which have been 
recorded up to date. 

■ It would be a laborious, though at the same time dis- 
tinctly easy, task, to point out the numerous physical facts 
which accord with the upward aspiration and downward 
propagation of conditions onlv, and which are utterly 
opposed to M. Faye’s theory of downward motion of the 
air. It would be equally easy to quote numerous obser- 
vations showing the objective reality, which M. Faye 
questions, of upward motion in a tornado. Prof. Loomis, 
for example, who is noted for his caution, relates the fol- 
lowing pregnant incident in his own life, in his preface 1 
to the revised ‘‘Contributions” ; — “ In February 1842 a j 
tornado of unusual violence passed within 20 miles of 
Hudson.., As soon as I received the news, I started out I 
with chain and compass to make a thorough survey of 
the track, and succeeded to my entire satisfaction. As 
the tornado passed over a forest of heavy timber, I had 
the best opportunity to learn the direction of the wind 
from the prostrate' trees ; and, by measuring the direction 
of the trees as they lay piled one upon another, I deter- 
mincd'the successive changes in the direction of the wind. 
The facts demonstrated incontestably that the movement of 
the wind was spirally inward and upward^ circulating 
from fight to left about the centre of the tornado. This 
tornado was but an incident in a great storm which swept 
over the United States , . . ” ; and he goes on to say that 
the results of bis subsequent investigation of the latter 
showed that neither the purely circular theory of Kedficid 
nor the purely inward theory of Espy was correct. The 
truth, as usual, lay between these two extremes, and the 
wind, like that shown in the diagram of the Manilla cyclone, 
really blew in a spiral, curving in towards the centre. Any of 
the accounts published by the United States Signal Service 
afford equally strong evidence in favour of both aspiration 
towards the centres and motion up the axes of the tor- 
nadoes. Thus, in the Report furnished by Rev. Charles 
Brooke, of the West Cambridge tornado of August 22, 
the following remark occurs: “No one saw any 
obtect driven downward by it, but all testify to its taking 
things up^l (the italics are in the original); and then 
follows a hst of articles taken up and carried, such as 
boards and slates, to a distance of 3 miles, a large barn 
15 feet, a freight-car 60 feet, 

Ag^n,* in the Official Report of the Iowa and UUnois 
torn^ of May 22, 1873, diflferent witnesses say : ** Saw 
boards whirlii^f round in the funnel.” “ While the whiri- 


wind was on the river, the water ceased to flow over the 
dam, although the river at the time was high.'' " Saw tails 
flying out from the summit [of the column] ; an nvN- 
age rail weighs about forty ^unda." And we may dose 
the list with one quoted Ferrel as a well-authenticated 
case, in the tornado at Mount Carmel, Illinois. June 4^ 
1877, in which “the spire, vane, and gilded ball of the 
Methodist church were carried 1 5 miles to the north-east- 
ward." The whole evidence, in fact, both in tornadoes, 
and in their milder form of water and samd spouts, is 
overwhelmingly against M. Faye's views, and in favour 
of upward motion and aspiration to their very summits. 

In his endeavour to bolster up a theory weak at all 
points, M. Faye seizes upon the well-known phenomenon 
of the central calm in cyclones, and cites one which 
occurred in the typhoon at Manilla on October 20, 18S2, as 
proving the general existence of a downward current. In 
this case, while the thermometer during the first half of 
the storm marked 24“ C., it rose during the passage of the 
centra) calm to 3r C., after which it fell again to 24** C. 
The relative humidity followed analogously inverse 
changes, falling from 98 to 53 — an extraordinary degree 
of dryness for such a climate. With reference to this 
circumstance, M. Faye quotes with considerable triumph 
a remark of Dr. Sprung to the effect that “such a 
characteristic phenomenon can only be explained by 
admitting the existence of a descending current at the 
centre of this cyclone." Locally, and for a short space 
upwards, there might have been ; but these particular 
features, accompanied by a clearing of the sky, and 
known as the “ eye of the storm," are the exception and 
not the rule, even in tropical cyclones. It is, moreover, 
readily seen that if there were a descending current of 
any extent or velocity in cyclones it would necessitate an 
outflow along the surface for some distance round their 
centres-— a condition utterly opposed to all observation 
and experience. M. Faye makes one more attempt to 
support the differential-current-motion hypothesis of 
tornado and cyclone generation, by referring to certain 
empirical laws of the relation of the former to the latter 
disturbances, deduced by Mr. Finley, of the United States 
Signal Service. For example, (i) the fact that tornadoes 
are usually found in the south-south-east or dangerous 
octant of a cyclone ; and (2) a law formulated by M. 
Faye himself, according to which their trajectories, as 
traced by the areas of destruction, arc parallel to those 
of the cyclones in which they are generated. 

The first of these facts has been known for some time, 
and applies equally to thunderstorms. M. Faye considers 
it to arise from the air shot down from the upper currents 
reaching its maximum velocity “where the velocity of 
translation is added to that of rotation," an idea wWh 
concentrates in a truly tornadic manner two fundamental 
errors which pervade his work. Modern investigation 
has shown that the velocities of rotation and translation 
in cyclones are quite independent, and is in this matter 
as far ahead or M. Faye's view as his knowledge of 
cyclonic systems is superior to that of Franklin, who had 
no isobaric charts to help him- 
Again, the south-east portion of a cyclone is precisely 
where, according to the corrected theory of aspiratKm, 
the conditions are most favourable to the production of 
local and parasitical disturbances of equaibrium, and 
since such disturbances take their birth in or just below 
the cloud-strata, their trajectories will naturafly tcndl to 
follow the course of these higher strata, which in this 
part of the cyclone coincides with that of its 

translation. The violent motion, moreover, which M. 
h aye considers to be such an essentiid primary coodllian 
in the generation of tornadoes is by no means necesenry, 
as Profc James Thomson, among others, has poineOd out ^ 
in a rwent paper befpre the British AssOdiattott (BritUh 
Aswiatioft Reports, 1S84, p. 641.) 

Besides the objections we have nh Along jidhited put 
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to die oxistenco of the downward current in cyclones^ 
it renders M. Fa^e perfectly helpless when he con- 
teii^dates An anticyclone. In the presence of such a 
formidable foe he is completely disarmed. Here, just 
wh^ a downward current would come in really useful, 
he finds he has used it all up. All he can say, there* 
fore, is that they have nothing cyclonic about them, 
which is quite true. 

M. Faye concludes by drawing up a list of questions 
which relate to the phenomena exhibited by cyclones, 
tornadoes, and waterspouts, and which he considers yet 
unsolved. Some, douotless, still await a more complete 
ex^nation, but we think the list might be considerably 
curtailed if M. Faye would descend, if possible, in one of 
his favourite eddies, and meet the aspiring meteorologist 
half-way. Atmospheric phenomena seldom present them- 
selves in the form of purely mechanical problems. If, as 
M. Faye says, the question “ is not one which can be 
treated by actual methods of rational mechanics on 
which everyone can agree,” we are equally confident 
that it is one whose solution cannot be attempted without 
the aid of rational physics, or without reference to the 
facts already established by observation. 

E. Douglas Archibald. 


AimUar in character to thU, but at half the distance, it was coo* 
eluded that it would cause so great a disturbance as to make 
delicate observations impossible. On my notifying this to the 
Admiralty, the Bill was opposed on the part of theGovemment, 
and as a consequence of this the clauses authorizing the con- 
struction of the railway across Blackheath were abandoned. 

1 may here mention that the extension of the London, Chat- 
ham, and Dover Railway from BUckheath Hill to Greenwich, 
which was authorized in x88i, is now in course of conslructioo. 
1 hope that, though the terminus of this line is distant only 630 
yards from the Observatory, the tremor fr-^m trains will not have 
sufficient tin^ to produce the full accumulated effect in the short 
interval between Blackheath Hill station and the terminus. But 
if at any future time a further extension of this line should be 
proposed, the question would require very careful consideration 
in the interests of the Royal Olraervatory. 

The following statement shows the number of observa- 
tions made with the transit-circle in the period of 356 days 
ending May 10, 1888 : — 

Transits, the separate limbs being counted as separate 

observations ... ... S3®4 

Determinations of coll imation error ... ... 

Determinations of level error 3§i 

Circle observations ... ... ... ... ... ... 5007 

Determinations of nadir point (included in the number of 

circle observations) ... ... ... 331 

Reflection -observations of stars (similarly included) ... 5^3 


r//£ VISITATION OF THE ROYAL 
OBSERVATORY. 

T he Report of the Astronomer- Royal to the Board of 
Visitors of the Royal Observatory was read at the 
annual visitation on June 2. 

One of the first points touched on in the Report is the 
threatened railway invasion of the Observatory. 

The subject of approaching railways has again, after a lapse 
of many years, engaged our serious attention. Early in March 
notice was received from the Home Office of a projKiFal to 
cany a railway (in extension of the authorized Bexley Heath 
Railway) in a tunnel across Blackheath, the nearest point l>eing 
840 ya^ from the Observatory. As there was reason to believe 
that this railway might injuriously affect the Observatory, pre- 
liminary observations of the effect produced by trains on the 
existing Greenwich and Maze Hill Railway were at once com- 
mence, the observations being made on six nights with the 
transit-cirde, and the disturliance in the image of the wires, as 
seen by reflection from the trougli of mercury, being noted. It 
resulted from these experiments that trains on this railway caused 
great disturbance during their passage, not only on the section 
between Greenwich and Maze Hill, the nearest point of which 
is 570 yards from the transit -circle, but also on the line beyond 
Greenwich on the London side and lieyond Maze Hill on the 
Woolwich side. The distances of the Greenwich and Maze Hill 
stations from the Observatory are about 970 and 670 yards re- 
spectively. There was also evidence of disturbance caused 
mesumabfy by trains on the Lewisham, Blackheath, and 
Charlton Une, at a distance of about a mile from the Observa- 
tory, but we could only infer the times of passage of these trains 
from the published time-tables. 

In order to establish conclusively the connection between 
definite disturbances and trains, arrangements were made to note 
the times of arrival and departure of train.s on the Greenwich 
line and at Blackheath, facilities for doing this having been 
courteously given by Mr. Myles Fenton, the Manager of the 
Bbukh-Eastern Railway. Ob^rvations were made on this plan 
on five nights, one observer being stationed at the transit- circle 
to record all disturbances of the reflected image, while another 
observer travelling up and down the Greenwich line, and a third 
observer «t BlaAheath, noted the times of arrival at and 
departure from the stations. It was found that the disturbance 
was very great during the passage of trains between Greenwich 
and Muse HIU, the reflected Cnoge being invisible while the 
train Was in the tunnel, at a minimum distance of 5 70 yards, 
end thet there was considerable disturbance during the tut^sage 
the Blackheeth-CbarUoti tunnel, at a distance 
A we reflected Ipihge becoming occasionally in- 
idelble. As the tunnel of the proposed railway would be 


About 350 transits (included in the above number) have been 
observed with the reversion -prism, to determine personality 
depending on the direction of motion. 

The very bad weather in the first four months of this year has 
seriously affected the number of observations with the transit- 
circle. 

The total number of observations made with the 
altazimuth is as follows, the observations having been as 
usual restricted to the first and last quarters in each 
lunation, except during the winter, when, in the absence 
of suitable objects for equatorial observations, the moon 
was observed throughout the lunation. 

Azimuths of the moon and stars 354 

Azimuths of the azimuth mark 114 

Azimuths of the collimating mark li6 

Zenith distances of the moon and stars 209 

Zenith distances of the collimating mark 1 16 

In consequence of the building operations for the extension of 
the computing- rooms the collimating mark was dismounted on 
November 9, and the view of the azimuth mark has been 
obstructed by the new building from the beginning of December. 
Since then the colUmatiun and azimuth errors have been deter- 
mined entirety by observations of high and low stars. It is 
proposed, when the work on the new buildin^; is completed, 
to .select two azimuth mark.s, one distant and Che other 
sufficiently near to be seen in the fogey weather of the winter 
months. For distinct vision of the Tatter a lens of very long 
focus w'ould be required, and it would thus be available strictly 
as a collimating mark. 

All will regret to hear that no progress has been mad« 
since the date of the last Report in the construction of the 
new 28-inch refractor, owing to difficulty in obtaining the 
crown disk. The flint disk made by Messrs. Chance 
seems to be satisfactory, but up to the present neither that 
firm nor M, Fcil's successor has succeeded in making a 
crown disk. 

Attempts have been made to show if anything is gained 
in sidereal photography by using curved plates. For 
this purpose a 4dftch photographic object-glass by Dall- 
meyer, oelonging to one of the photohcliographs, was 
mounted at the end of June in a light wooden tube, and 
firmly attached to the side of the telescope tube and 
parallel to it, to carry out experiments on the extent of 
field available on plane and curved plates respectively, 
the latter being moulded by Messrs. Chance to a radius 
of 32 inches, corresponding to the curvature of the field, 
if the circle of least confusion be taken for the image. 
We read 
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Forty-otne photQgrs^ha have been taken of the Pkiadcs and 
otbat ohjectg with diHerent exposures and in different parts of 
tha plate, 13 of these being on curved plates. In these ex- 
pecunents the Sheepshanks refractor was used as directing 

telescdpc, the image of a star being kept on its cross- wires 

during the exposure of a plate by means of the slow 
matione. The plates measure 6 inches x 6 inches, repre- 
senting 5|“ X 51", an 1 it is found that on the flat plates 
the star images are sensibly circular to a distance of nearly 
2° from the centre of the field, while niicroinetric measures of 
these plates show that for some distance beyond this limit the 
relative places of stars can Mill be measured with an accuracy 

exceeding that of meridian observations, und with rfo sensible 

systematic error depending on magnitude or duration of ex- 
posure. Comparison of the results on flat and curved plates 
TCBj^ectively indicates that the advantages of using the latter arc 
doubtful. As the Dallrncyer object-glass is peculiar in having the 
flint outdde, it was reversed in the cell in the course of the experi- 
raen's, and some photographs were taken with it in thU position, 
the flint being inside. It ajipeared on comparing the results that 
a somewhat better field is obtained with the flint outside. A 
photographic object-glass of 6 inches aperture and 6 feet focal 
length, made by Sir H. (Irubb for experiment, was mounted at 
the end of Apiil in place of the 4-inch object-glass, and .some 
tiial photographs of stars liave been taken with it. 

Special arrangements were made for obsei^dng oc- ^ 
cultations during the total eclipse of the moon on January 1 
26, observers being stationed at nine instruments, but 
clouds covered the moon almost continuously during 
totality. Various devices were adopted with a view to 
facilitating the observation in rapid succession of the 
/aint stars occulted during the eclip.-e. In the case of two 
instruments the cye-pjece w^as mounted cxccntrically at 
the distance of the radius of the moon’s image from the 
axis, so that without disturbing the position of the tele- 
scope any point of the limb could be brought into the 
centre of the field. For setting the position-circles rapidly 
in the dark, cardboard circles wdth notches at important 
points or with the figures indicated with luminous paint, 
were found very useful. 

The spectroscopic observations of motions of stars in the 
line of sight have been continued. The recent obser- 
vations of Algol confirm the previous results indicating 
orbital motion, but further observations are required to 
establish the fact. At the request of Mr. Lockyer, the 
spectra of a Orionis, a Herculis, y Cassiopeia*, and /SLyr® 
live been examined on several occasfons. 

That the daily record of the solar surface is graduallv 
getting more complete is clearly shown by wdiat happened 
m the year 1887, in winch Greenwich photographs are 
available on i88da>-, ; photographs from India or Mauritius 
filled up the gaps in the series on 173 days, thus making 
a total of 361 days out of 365 on which photographs 
have been measured in this year. 

The sun has been free from spots on 106 days in the 
year 1887, and the areas of botli spots and facula? have 
diminished since the date of the last Report With the 
exception of a fine group seen during three rotations in 
May, June, and July, and of three other groups, one in 
July and two in De, ember, all of these being in the 
southern hemisphere, there has been a complete ab- 
sence of conspicuous spots. The entire spotted area has 
rarely amounted to 1/20CO of the sun’s visible hemi- 
sphere, and the mean is less than one- sixth of that re- 
corded in 1883, being intermediate between those for the 
years 1675 and 1876. 

In view of the diminution of the current work as the 
minimum of sunspots approaches, the further discussion 
of the results of former years has been commenced, and 
arrangements have been made through the Solar Physics 
Committee to complete the Greenwich results as far as 
practicable by the measuremient (photographs taken else- 
where, particularly at Ely and Cambridge, U.S. From 
thebeginning of i?S3 thephotc^phicreccmdisirracticaliir 
coinplctei the measuremerYt of Indian photographs to 
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up gaps in the Greenwich series having been under* 
taken from December 22, 1881. The ^ther discus- 
sion of results has, therefore, been commenced fVoni that 
date, and the projected areas of spots (uncorrecteif fot 
foreshortening) have been formed to May 29, 1885, and 
from the beginning of 1886 to the end of 1887. The 
ledgers in which the areas and positions of the sp^s of 21 
group are collected and the mean area and position of 
the group, deduced for each day and for the whole period 
of visibility, have been formed for 1886 and 1887, and 
their completion for the years 1882 10 2885 will now be 
taken in hand. Two new forms have been prepared to- 
exhibit the distribution of spotted area on each day for 
ever>^ degree of latitude and for every 10® of longitude, 
mean results being taken for each rotation and for each 
year. 

With regard to magnetic observations we read that 
the only important change is the substitution, since 
October last, of a wooden bar loaded. with lead, of the 
same size and weight as the declination-magnet, for the 
brass bar hitherto used for determination of the torsiorv 
of the suspending' skein, a very weak trace of magnetism 
having been detected in the brass bar. 

The earth-current observations have been attended with 
some difficulties. We read : — - 


'l‘he earth 'Current wire<, which were damagcfl l>y the snow- 
Rlorm of 18S6 December afi, were not completely repaired till 
August 1887, when it was found that the carlh-jdate at Angerstein 
Wharf had been stolen, another earth-plalc 1 )cmik then supplied. 
A renewal of the carth-cuiTcnt wire-, concurrently with the 
telegraph wire.s on this portion of the South- Eastern Hail May 
was arranged, in concert with Mr. Lconani, but thia has not 
been carried out owing to a rise in the price of copper. Five 
measures of resistance of the earth-cui leni wires have been made 
since the last Report, bui the resniis aie not satisfactory, owing 
presumably (o the bad cemdition of the wires. On the line fron> 
Angerstcin Wharf to l.ndywell, 7^ miles in length, the measures 
of resistance range from 220 11)285 ohms, and on the HlackhealH 
to North Kent East Junction line, 5 miles long, the measures, 
range from 230 to 262 ohms, bndev these circumstances it 
seems hope! esN to attempt to express the mei-urev of ordinates, 
on the earth -current sheets in terms of the elecirical units until 
the conditions of the circuits have been improver! A further 
difficulty arises in discussing the small diurnal ineqiuUity on the 
earth-current registers in conseancnce of the circumstance (lo 
which atiention wns first drawn l)y Mr. A, J. S. Adams, of the 
Post Office Telegraphs) that there is a slight dislocation in ihe- 
Angerstein Wharf to Lndy well iracexhortly after sunset with sudden, 
return to the original posiiion shortly before sunrise, representing 
an increase I current from Lady well to Angcr»lein Wharfi or a 
diminished potential at Angerstein Wharf during the night houi£, 
Possibly this may be connected with the electric lighting in the- 
vicinity of the earth plate. It apjjearn to have commenced itv 
1883, becoming more pronounced in 1884. 

7'he following are the principal results for the magnetic 
elements for 1887 : — 


Approximate mean declination 
Mean horizontal force . 

Mean dip . 


. . 17^47 W. 

I 3*94*9 (i» K hifh noils) 

\ r8i7S (hi Metric uniti) 

( 67" 25' 45" (by 9- inch needles) 
' 67 26 20 (by 6-inch needles) 
( 67 27 13 (by 3 inch needles) 


In the year 1887 there were only three days of great 
magnetic disturbance j but there were also about twenty 
other days of lesser disturbance for which tracings of the 
photographic curves will be published, as well aa tracings, 
of the registers on four typical quiet days. 

The mean daily motion of the air in 1887 was 
being 9 miles below the average of pjecedtng 
years. The greatest daily motion waa 829 lOjikis 
M^b 23 ; and tbe least, Se mites on 
only recorded pmssure exceeding ao potmds m eb# eqUere} 
foot was pounds on April a 







During ^he year i887i Osier’s anemometer showed an 
excess Of about 17 revolutions of the vane in the positive 
direction N., E., S., W., N., excluding the turnings which 
are evidently accidental. 

The nunnber of hours of bright sunshine recorded during 
1S87 by Campbeirs sunshine instrument (Prof. Stokes’s 
improved pattern) was 1401, which is about 190 hours 
above the average of the preceding ten years. The 
aggregate number of hours during which the sun was 
above the horizon was 4454, so that the mean proportion 
of sunshine for the year was 0'3i5, constant sunshine 
being represented by 2. 

The rainfall in 1887 was 19*9 inches, being 4*8 inches 
below the average of the preceding forty-six years. 

There has been no failure in the automatic drop of the 
Greenwich time-ball, but on four days the ball was not 
raised on account of the violence of the wind. 

The automatic drop of the Deal time-ball failed on six 
days owing to interruption of the telegraphic connections, 
and on two days high wind prevented the raising of the 
ball There has been no case of failure of the i p.m. 
signal to the Post C'lfice Telegraphs 

There have been twenty-three failures in the automatic 
signals from the Westminster clock since the date of the 
last report. The error of the clock was insensible on 25 
per cent, of the days of observation, rs. on 3S per cent., 
2s. on 20 per cent., 3s. on 15 per cent., and 4s. on 2 per 
cent. 

Provision has been made in the estimates for the ex- 
pense of a rc-determi nation of the difference of longitude be- 
tween Greenwich and Paris, and correspondence has been 
carried on with the French authorities on the subject. The 
regretted death of General Perrier occuiTcd before any 
definite plan had been settled ; but his successor, M. le 
Commandant bassot, has taken the matter up warmly in 
concert with Admiral Mouchez, and the French Bureau 
des Longitudes has approved the scheme, which is to 
include a determination of the longitude of Dunkirk. 
Three French delegates (M. Loewy, M. Bassot, and M. 
Deffoiges) propose to visit Greenwich very shortly to 
settle the details of the plan of operations which it is 
intended to carry out in the autumn. In preparation for 
the work, Mr. Turner and Mr, Lewis have observed for 
practice, by eye and ear, a number of galvanometer 
signals sent by another observer and automatically 
registered on a chronograph, five sets of ten signals 
having been recorded on each of seven days. 

The Report concludes as follows 

In my last Report it was suggested that the instrumental 
equipment of the Observatory should be supplemented by a 
photographic refractor of 23 inchc-s aperture (equatorially 
mounted) to enable Greenwich, as the National Observatory, to 
take its share in the sichemc for forming a photographic map of 
the heavens, and for thus extending our knowledge of the places 
of the fixed stars. Consequent on the resolution of the Boai-d of 
yisitors at the last visitation, I brought this que.stlon of the 
insufficiency of our instruments for the present wants of astronomy 
to the notice of the Admiralty and of the Chancellor of the 
Exchequer, and the matter is still under the consideration of 
the Govofniment. If the Royal Observatory is to take part in 
this work of canning out one of the principal objects for which 
the Astronomer-Royal was s^pointed^ it appeals to be essential 
a decision should be. arrived at without delay, in view of the 
<irciizn$*ancc that thirteen Observatoxies (including those of Mel- 
bourne and Sydney in our own colonies) have already ordered 
their instmtnenfcs which are to be completed by the end of the 
present year. 

Allusion Was made in the last Report to the Increased demands 
ort the Observatory in recent years both by the scientific 
and the general public, and mview of the consequent develop- 
ttieitt «f Work U now becomes oeoessary to review the position 

tttb esHddi^bmant, which was consHhited many years ago, 
wAlwi tlm wandltions were very different. In order to understand 
‘tW 4he prssent aitaation it U necessary to bear in 

dMlowiitt facts 1835 there were five assistants 
dMef assktimt), bavmg no oomputers to superto- 


tend, no extraneous work beyond the care of a relatively small 
number of chronometers for the Navy, no magnetic and meteoro- 
logical observationR, no altazimuth observations, no spectroscopic 
and photographic observatioes. At the present time there are 
eight assistants (excluding the chief assistant) baviz^ fifteen com- 
puters to superintend, and of this staff two assistants are absorbed 
by the magnetic and meteorological branch, one bydhe altazimuth, 
and two by the spectroscopic and photographic branch, leaving 
only three assistants to do the astronomical work, which in 1835 
required five assistant-:, and in addition to perform all the ex- 
traneous duties which •the Astronomer- Kojalnas felt it desirable 
to undertake in the public interest. 

Under th^se circumstances it becomes a matter for serious 
cinsideration whether, unless adequate provision be made for 
the primary objects of the Observatory, extraneous work, such 
as the supply of time-signals, may not have to be dropped. The 
service of hourly time signals throws considerable vrork on 
myself and (he staflf of (he Observatory, and, as it is purely 
voluntary, it appears to me that a condition of its maintenance 
must be that arrangements shall be made to enable the proper 
work of the Observatory to be carried on and suitably developed. 

INDUSTRIAL TRAINING. 

A t a meeting held at the Mansion House on Friday 
last, in support of the scheme for establishing 
Polytechnic Institutes in South London, an able and 
interesting speech was delivered by Lord Salisbury. 
Having pointed out that of late years much had been 
done for primary education, he went on to show that a 
sound system of secondary education for the great mass 
of the people was not less necessary. Secondary educa- 
tion, as we know it at present, had been established for 
the benefit of classes who in the main had not to work 
for their living. Plainly, therefore, it was not adapted to 
the needs of the working classes, “ What we have now 
to do,” he continued. “ is to provide, an education which 
will develop for each man the faculties that Nature has 
given him in such a manner that he may be as active, 
profitable, and prosperous a member of the community 
as possible.” Lord Salisbury then p-issed in review the 
efforts which have been made in London to meet the 
demand for technical instruction, and concluded as 
follows : — 

“ I have only one more word to say, just to call your 
attention to another aspect of this case and to commend 
it to your efforts. We live in a time when men multiply 
fast, but apparently the means of supporting them do not 
multiply as rapidly ; when there is vehement competition 
and occasionally intervals of deep depression. And if 
you should look more closely, you will find that one cause 
at least of this phenomenon is that man, as the mere 
owner of muscle, js being edged out by another and more 
powerful competitor. Merely as an agent of physical 
force, as the possessor of the power of labour, the steam- 
engine is a competitor which drives him easily out of the 
market. And more and more the mere unskilled labour is 
being made unnecessary by the development of the forces 
which mechanical science has discovered. And as the 
world goes on, you must expect this tendency to increase. 
You must expect mechanical force to become more varied 
and more powerful and more cheap, and the competition 
with human arms and limbs to become more hopeless. But 
there is one region where the machine can never follow 
the human being, and that is in the exercise of thought. 
In skill, in Cultivated mind, in the power to adapt the 
processes of thought to the laws of Nature, in all that we 
call ^skilled labour’ of the highest kind, in that man 
must always have a monopoly, and need fear no encroach- 
ment from the competition of the steam-engine. It is 
to the development of his powers in that respect that the 
increase in the means of subsistence and the opening of 
new paths of self-support must be found. On all of us, in 
whyatever position we are, is pressing, as one of the most 
anxious subjects < 3 il public care, the discovery of methods 
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S which the teeming millions of this country shall be 
leto maintain themselves in a prosperous, decent, and 
comfortable condition. We cannot find in their unskilled 
labour a satisfaction of that want. The difficulties are 
enhanced by the fad that our neighbours in other 
countries have been sensible of the superiority which 
skilled ediycation can confer, and have not been slow to take 
advantage of it. If we will not be left behind in the race, if 
we desire to find any satisfactory solution for the deepest 
and the most inscrutable problem of oyr time, if we wish our 
complex community and high civilization to be maintained 
secure from all the dangers which the presence of unfed, 
unprosperous, untaught millions must Wing ^pon them, 
we shall do our utmost to give a healthy and a rapid 
development to the secondary education of the working 
classes.'* 

The Times^ commenting on the meeting addressed by 
Lord Salisbury, says; — 

** The Prime Minister spoke of the occasion as marking 
an era in the development of secondary education. The 
expression is scarcely too emphatic. Many of those 
present at the Mansion House have been for years labour- 
ing for that cause, and often with little confidence that 
they would ever see the produce of the seed which they 
sowed. Now, however, the husbandman’s hopes rise, for 
he discerns everywhere lusty shoots flourishing, and he 
knows that a harvest is at hand. It is no small matter 
to find Government recognition of the importance of 
manual or technical education in a Bill which will enable 
any School Board to promote it. What London has 
done other cities will do, and here much has been done, 
and still more is imminent. The Polytechnic and the 
Beaumont Institutes are admirable pioneers. The pro* 

i ceted Institutes for South London will soon, we should 
tope, be established ; and the Charity Commissioners 
have promised to grant ;£50,ooo in aid of an Institute for 
the south-west parishes north of the river on condition 
that the same amount is contributed by the district. What 
limits are there to the possible benefits from a network of 
such institutions over London and other great cities? 
Even if they fail to sharpen the wits of our workers, and to 
prepare , them for their part in that struggle which th • 
Prime Minister eloquently described as the course of 
civilization, if the foreign clerk continues to oust our own 
youth, we may count with certainty on deep and far- 
extending good from institutions mingling instruction 
with recreation, uniting many of the good points of clubs 
and schools, serving to some as ladders for ambition to 
climb with, to others as refuges from the public-house, and 
introducing intellectual light into the dark places of our 
cities. For many a man and woman, especially at the 
outset of life, narrow means would lose all terror if there 
were open of an evening an Institute such as was de- 
scribed yesterday ; and it would be the best palliative 
of that dull monotony which in some walks of life is 
more injurious, as it is immensely more common, than 
downright viciousness.*' 

For many a day, as our readers know, we have been 
urging the necessity for the establishment of a proper 
system of technical instruction. The subject is one of such 
pressing importance that we have returned to it again and 
again, seeking to present it in many different aspects ; and 
Lord Salisbury’s speech and the article in the Times may 
be taken as indications that large classes of the com- 
munity have at last begun to understand that the nation 
has no time to lose in setting about a task which ought 
long ago to have been most seriously undertaken. Even 
if the question had little direct relation with economic 
interests, it would be for many reasons desirable to secure 
for manual training a place among our educational 
methods Attention has hitherto been too exclusively 
devoted in schools to such knowledge as may be derived 
from books; It is necessary, from the strictly educational 


point of view, that teachers should aim at a wider, mote 
direct, and more practical development of the mental 
powers of their scholars. But other and even more fonda* 
mental interests are also concerned. The leading nations 
of the world, our rivals in industry and trade, haVe 
already perceived the benefits to be secured from a 
thorough mastery, on the part both of employers and 
employed, of the principles of science as applied to agri- 
cultural and manufacturing processes. The result is that 
in many of the best markets, where our supremacy as a 
trading people was formerly unquestioned, we find our- 
selves at a disadvantage ; and it is certain that unless we 
lace ourselves on a level with our competitors we shall 
ave to pass through some very bitternational experiences. 
The question is really one of life and death for England. 
It is a question whether in the near future there are or 
arc not to be sufficient employment and remuneration for 
the vast and growing masses of her population. 


WEISMANN ON HEREDITY} 

T he fundamental property of all living matter is 
assimilation and consequent growth ; and repro- 
duction is merely discontinuous growth. This is most 
apparent in the Protozoa, where the primitive form of 
reproduction — division into two parts— is common. Each 
part exactly resembles the other part, and both the 
parent. Heredity in them merely means identity of bodily 
substance, and consequent identity of vital phenomena. 
1 n Metazoa there is a sharp distinction between repro- 
ductive cells and body cells. In many cases it is certain 
that the reproductive cells of each new organism arise 
directly from the reproductive cells of the parent. Here 
there is as manifestly a continuity or identity ofthe«rm- 
plasma as in the Protozoa. As has already been explained 
by Prof. Moseley in this paper, Weismann extends this 
phylogenetic continuity of germ-cell, or at least of germ- 
plasma— the essential constituent of the germ-cell— to all 
the Metazoa. 

In the Metazoa, the germ-cells, instead of remaining 
single, give rise to the vast number of somatic cells which 
compose the adult structure. The form, arrangement, 
and succession of these depend on the germ-plasma ; 
and as there is continuity of this from generation to 
generation it follows that the structures derived from it 
arc identical in each generation. Obviously this view 
excludes the possibility of the inheritance of acquired 
characters. But this inheritance has been proved neither 
by observation nor by experiment, and it has been im- 
possible to conceive any satisfactory mechanism by which 
It could be accomplished. 

Weismann believes that the theory of the inheritance 
of acquired characters is not required to explain the 
phenomena of the organic world. In the production of 
an acquired character two forces are at play, and these 
forces in relation to the organism may well be called 
centripetal and centrifueaL The centrifugal forces are 
ultimately referable to the molecular constitution of the 
germ-plasma, and are transihitted with the other pro- 
perties of the germ-plasma from generation to generation. 
Changes in the centrifugal forces due to that mixing of 
plasmata which is the object of amphi^nic reproduction 
constantly occur. Adaptation and dinerentiation reshlt 
from the action of the environment (centripetal forces) on 
these continual changes in the possibilities of the 
Not acquired characters, but the internal poaaifalfuies of 
them, are transmitted : not the results, but the cOntiifogal 
causes of them, are transmitted and accumulated by natural 
selection. An example will make this clear. Giref^ 
certainly descended from short-necked forms. Acc^ing 
to the old theory, during life their ancestors, by cdtiat^iy 
stretching to reach higher and higher brancitei ef Ihfe 
acacias, &c., on which they fed, elongated thehr iietirt a 
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Each addition to the neck so acquired was trans* 
to the descendant, and by accumulation of the 
chang^ thus produced the modern long-necked condition 
was attained. According to Weismann, what happens 
is this. In each generation slight variations in the length 
of the heck^ as in the other parts of the body, occur. 
These variations are due to constitutional causes which 
are transmitted. When greater length of neck became 
important to the animal, those animals with necks a little 
longer or capable of being stretched out a little further, 
would have the advantage, would survive longer, and 
leave more offspring. The offspring, inheriting the 
constitution of their parents, would inherit this tendency 
to have longer necks. By the continual elimination in 
many generations of the short-necked forms, and by the 
seizingholdof each natural ly-occurring variation, the long- 
neckM condition would iinally appear. 

As variations are constantly occurring, natural selection 
must constantly be at work to maintain the standard of 
any organ. Whenever an organ ceases to be of use, or even 
when it becomes merely of subordinate utility, this selective 
maintenance falls into abeyance. A state that Weismann 
calls Panmixia results. Variations below the standard 
cease to be eliminated, and the organ slowly degenerates. 
Jn this way is explained degeneration through disuse : 
degeneration from conditions that are not harmful but 
merely unnecessary. In many cases organs that are not 
used degenerate very much during individual lives, but 
this occurs through failure of nutrition. Weismann 
believes such effects not to be transmitted. Were these 
effects inherited, useless organs must inevitably disappear 
very much more rapidly and completely than there is 
evidence for. 

Instincts arc elaborated, not by the accumulation of 
transmitted individual experience, but by continual selec- 
tion of mental variations in the required direction. For 
instance, the instinct to avoid enemies arose not by 
accumulation of experience, for experience of the incon- 
venience of being aevoured could hardly be transmitted, 
but by the naturally more timid forms surviving, and 
leaving more offspring than their less wary brethren. 

Talent and even genius often run through several 
p;enerations ; and certainly mental powers can be much 
increased in individual lives. But the exhibition of talent 
and genius depends on a combination of many physical 
and mental conditions in which constitutional variation is 
ever present, and these variations arc undoubtedly 
inheritable. Moreover, the history of families of con- 
spicuous ability (as, for instance, that of the musical family 
Bach) shows that the highest development often occurs jn 
the middle of the series, while the theory of the trans- 
mission of acquired characters would demand to find it 
at the end. 

Selection of variations best explains cases of adaptation 
to new climates. But the immense influence of climate 
conditions on nutrition in each ontogeny must be taken 
into account. 

Qualitative changes at first present some difficulty, but 
it must be remembered that qualitative changes are nearly 
always at bottom quantitative. A surface appears naked, 
though covered with many small hairs ; or light-coloured, 
though scattered pigment-cells arc present. Quantitative 
variations in such conditions certainly occur, and arc 
cen^inly transmitted, and natural selection can readily 
change the number or size of hairs or pigment-cells, and 
produce so-called qualitative results^ 

it ja not claimed as yet that the inheritance of acquired 
characters can be excluded in every case. But increasing 
hnowledge of the conditions of life and of the functions 

organs causes ever a larger and larger part of the 
Imenornem of the organic world to be explained by the 
•elect, Idn of naturally-arising variations. 

P. CHAI.MERS MiTCBttLL. 


IMPERIAL GEOLOGICAL UNION, 

TD EFERRING to my letter on the above subject, 
published in Nature, vol. xxxvi. p. 146, I to 
communicate, for the information of those interested in 
the matter, the substance of a report made to the Royal 
Society of Canada at its meeting on May 22, in 
Ottawa. 

The Committee reported that it had, as directed, 
printed the letter of Sir William Dawson to the President 
of the Royal Society, and the first report of the Com- 
mittee, and*had circulated these extensively, sending them 
especially to geologists and Societies in Great Britain 
and the colonies and dependencies of the Empire. A 
large number of replies had been received, testifying to 
a somewhat general wish for union and co-operation. 

The matter was then laid before the Council of the 
Royal Society, with the view of holding a Conference in 
London under its auspices. The subject was taken up 
by the Council in October last, and a resolution was 
passed and communicated to the Committee to the effect 
that, having regard to the existing condition of the 
question of scientific federation, and the various con- 
tingencies that may occur during the next few years, they 
do not see their way to summon such a Conference as 
that recommended. 

In view of this resolution it was felt to be useless for 
the present to attempt any farther action. Still, as the 
desire for and appreciation of the benefits of the union 
contemplated seemed to be very general, and as oppoW 
tiinities may occur later for giving it a practical form, it 
was thought best by the Royal Society of Canada to con- 
tinue its Committee, with power to correspond with other 
bodies and with persons interested. The undersigned 
will therefore be glad to receive any communications on 
the subject. 

Some misconception appears to exist as to the relations 
of the intended movement to the International Geological 
Congress which is to meet in London in September next 
They have in reality no connection, except that, 
under certain contingencies, they might be mutually 
helpful. 

A Union of British Geologists might exercise an in- 
fluence for good in connection with the plans for unifica- 
tion of classification, nomenclature, and mapping, which 
have occupied the attention of the Congress; but its 
function would rather be the positive one of uniting 
workers throughout the wide area occupied by the British 
Empire, and enabling them more effectually to co-operate 
m the extension of actual knowledge, in giving mutual 
aid, in enlarging the mental vision of local and special 
workers, in making accessible to isolated labourers the 
common stock of knowledge, and in preventing the inter- 
ference and discordance which result from disunited 
effort. 

That there are difficulties in the way of the realUation 
of such a plan as applied to British and colonial ijglHiteists 
in the first instance, and ultimately to all EnglislP^iiMTcing 
geologists, there can be no doubt ; but they are continually 
diminishing, in consequence of greater facilities for inter- 
course and the rapid growth of scientific work in the 
various outlying parts of the Empire, The idea is thus a 
fruitful one, certain to be realized in the future ; and 
possible even at present if a central nucleus could be 
secured for an Imperial organization- It is not impossible 
that the lar^ gathering of English-speaking geologists 
in London m September may afford opj^rtunity for 
further discussion of the plan ; and if the invitation which 
it is understood will be given by our friends of the United 
States to hold the next meeting in America be accepted, 
this may constitute another step in the same direction. 

Montreal, May 3^. 

J, Wm. Dawson. 
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NOTES. 

Thtc Laboratory of the Marine Biological Association at Ply- 
mouth is now approaching completion, and, oftcr die opening 
ceremony on the 30th inst., it will be, in all essential respect^, 
ready for w^rk, The salt-water reservoirs have, after several 
delays, been filled, and the water U now cirnilating freely in 
the tanks of the aquarium. The fittings of the main laboratory 
are complete on the north side, and will -give accommodation 
for seven naturalists, besides the Resident Director. In addition 
to this there are the physiological and chemical Jaboratories, 
■aJl the fittings of which are now in place, and the library is in 
process of formation, The Association stands very much in 
need of presents of books, and it is hoped that those who are 
interested in its work, and have duplicate copies of biological 
wotks on their shelves, will be disposed to present them to so 
deserving an institution. At the opening ceremony on the 30th, 
upwards of a hundred members and their friends are expected 
to I>e prc-sent. The fact that Parliament is in session will keep 
away many of those who take a liberal interest in the Associa- 
tion, but it is hoped that Sir Lyon Playfair, Sir Edward Clarke, 
and Sir Edward Biikbcck will be present to represent the Par- 
liamentary interest. Prof. W, H. Mower will be the presiding 
zoologist, and with him will be many well-known men of sc.cncc, 
including Profs. Ray Lankeater, Milnes Marshall, McIntosh, C. 
Stewart, Dr. Gunther, Mr. Adam Sedgwick, ami many oihere. 
TTic Dydrographer has stated his intention to be present, and 
the naval and military element will be fully represented by the 
commanding officers of both services at Plymouth. The Fish- 
mangers’ Company, which Ivas been so munificent a patron of 
the Association, will be fully represented by its Prime Warden, 
Sir James Clarke Lawrence, and several members of the Court. 
They have kindly undertaken the hospitable duties of the occa- 
sion, and there can be no doubt that the dlJjeihicr at the Grand 
Hotel, and the speeches that may be expected to be made there, 
will form a most important part of the day’s proceedings. 

The annual meeting for the election of Fellows of the Royal 
Society was held at the Society’s rooms in Burlington House 
on June 7, when the following gentlemen were elected : Thomas 
Andrews, F.R.S.E., James Thomson Bottomley, M. A., Charles 
Vernon Boys,Anhur Herbert Church, M.A., Prof. Alfred George 
GreenhiU,M. A., Lieut. -General SirWilliam F. D.Jervois, R.E., 
Prof, Charles Lapworth, LL. D,, Prof. T. Jeffery Parker, 
Prof. John Henry Poynting, M.A., Prof. William Ramsay, 
Ph.Di, Thomas Pridgin Tcale, F.R.C.S,, Willwm Topley, 
F.G.S., Henry Trimen, M.B,, Prof. Henry Marshall Ward, 
AI.A.» William Henry White, M.LC.E. 

Dr. S. H. Vinks, F.R.S., Fellow of Caius College, Cam- 
bridge, has been elected to the Sherardian Professorship of 
Botany at Oxford, 

The King of Sweden, who was elected an Honorary Member 
of the Linnean Society at the centenary anniversary meeting of 
that Society held at Burlington House on May 24 last, gave an 
audience on Friday afternoon to the President (Mr. W. Car- 
ruthers, F.R.S.), Secretaries (Messrs. 13 . D. Jackson and W. 
P, Sladen)^ and Librarian (Mr, Hariing), and inscribed his 
ABme in the album wherein the names of all Fellows and 
Honorary Members have been inscribed since 17SS. The Royal 
oigimtures include those of George IV., William IV., Queen 
Yktoria, Prince Albert, the Prince of Wales, the King of the 
SflSg'mns, the Kir^ of Saxony, and now the King of Sweden, 

This week the University of Bologna is celebrating the eighth 
oentwry of its existence. A congratulatory Greek ode has been 
written by Prof. R. C. Jebb, who represents the Umversity of 
CamWidge as iU senior delegate at Bologna, The verses, which 
are composed in the toetres of Pindar's eighth Olympian ode, ate 


suggested by the drcumstance that the University of Glasgow, 
in which Prof. Jebb holds the Chair of Greek Literature, is the 
only University in this country of which the model was taken 
directly and exclusively from Bologna. 

The second annual soirh of the Middlesex Natural History 
and Science Society was held at the Society's rooms, 1 1 Chandos 
Street, Cavendish Square, on Thursday evening last. Lord 
Strafford, the Lord-Lieutenant of the county, President of the 
Society, was In the chair. Many objects of scientific interest 
were exhibited. 

The Hon. J. Collier has undertaken to paint the portrait of 
Prof. William^^on, which is to be presented to University 
College. 

The Conferences convened by the London Chamber of Corn* 
merce to consider the question of commercial education led to 
the appointment of a Committee for the full discuSMon of the 
subject. This Committee nominated a sub-Commitire, among 
the members of which were Sir John Lubbock, Sir Henry 
RobCoe, and Sir B. Samucison. A scheme for the improvement 
of commercial education has now been drawn up liy the sub- 
committee and sent to various business men, schoolmaster--, and 
other authorities on education, with a request for practical 
suggestions. The scheme, as it stands, proposes as obligatory 
Mibjects for examination for .1 commercial certificate ; (t) 
English ; (2) Latin ; (ja) French ; (3/j) German, Spanish, or 
Italian ; (4) history of British Isles ami colonies, general and 
modern history, including commercial history ; (5) geography, 
physical, political, commercial, and industrial ; (6) mathematic# ; 
(7) drawing. Proficiency is also ret[uired in at least one of 
the following : physics, chemistry, natural history, commerce, 
and political economy. 

Prof. Lutkkn, Director of the Zoological Museum of 
Copenhagen, has addressed a strong appeal to country people in 
Denmark to protect the sand grouse. He points out that the only 
countries in which the birds nested in 1863 were Denmark and 
l(ol!an<l, but that owing to people gathering and eating the eggs 
no birds were hatched. He trusts that this wanton conduct 
may not now be repeated. The Professor feeU sure (hat the 
bird can be acclimatised in Denmark, as the sandy cliffs and 
shores of that country are particularly suited to its breeding. The 
Zoological Gardens in Copenhagen have obtained a live fpecluen 
of the bird, caught in the Island of Fiinen, Flocks upwards of a 
hundred in number have of late been seen in many part# of 
Denmark. 

One of the largest pine-trees ever grown in Sweilen was 
felled the other day in Lapland. It measured over 120 feet in 
height, and was 12 ‘5 feet in diameter 2 feet from the ground. 

On the evening of May 14, about lo p.m., a brilliant meteor 
was seen at Kalmar, in Sw'edcn. It was about the sire of an 
ordinary plate, the colour being pale yellow, and U hod a train 
about 103 feet in length. It went in a north-westerly direction, 
apparently only some little height above the groui^, and ex^ 
ploded some distance from the town with a nmse Uke that of 
burning gunpowder. During its progress a whbssiuf ootmd waa 
distinctly heard. 

In voI, iv, Tart 4, of the Indian ‘ MiU&r&hgteal Jlfmoiri, 
Mr. J . Elliot gives a list and brief account of the aouth^weat 
monsoon storm# generated in the Bay of Bengal during the yeari 
iSSa-Sfi. This list, which contains Nos. 47-iot pf the setief 
of storms, is a continuation of that given in the siflrtli paper 
of the second volume of the Mmnrs^ and hi oceompaiiM 
yeariy and inoathly track charts. Some of the p ri ni %rt d 
have heea folly dbemsed in previous parts of A* 

In the Jourrial of the Bengal Asiatic Society^ tbo Mtmt of ^ 
south-west monsoon in October t866 was 
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reiK:e of three cydonee at intervals of about a fortnight. They pre . 
seikted fiwh marked peculiarities that they have bMsen specially in- 
veatigated, AUivere generated in the immediate neighbourhood of 
the Andamans. The hrst^ which began to form on Novembers, 
is an example of a class of storms, of occasional occurrence, 
which pass across Southern India into the Arabian Sea, and it 
lasted for a fortnight. It is the first example of ifs kind which 
has been fully worked out. The second, which was aUo a very 
violent storm, was forme<l on November 13, and affords a 
marked illustration of the effect of a mass of land in modifying 
the motion of a cyclonic disturbance. 'I'he third storm formed 
on December 7, and was in many respe cts exactly similar to the 
first, excepting that it was comparatively feeble at sea and 
Bhortdived on land. 

ATthemsetingof the French Meteorological Society on May i, 
M. Poincar^ presented calculations and synoptic charts showing 
mean barometric heights at latitude 30“ and lo* N., for every 
day from December 9, 1882, to December 15, 1883, and on the 
parallels of 40**, 50*, and 20", for a number of selected days, and 
pointed out certain relations which he considered cxistetl between 
the barometric movements at these latitudes, and the positions 
of the sun and moon, and the effect of these on the displace' 
meals of the region of the trade winds. M. Renou made a com- 
munication upon the unsatisfactory condition of actinomeiry, 
and showed that the values obtained varied according to the in- 
struments used, the force of the wind, &c., nnd he submitted some 
of the obseiwations made during seven year** at the Observatory 
of the Parc Saint-Maur. The Secretary presented, on the part 
ofM. Pictre, of Pau, a plan for Uu* graphical representation of 
local observations, in connection with general weather charts, 
with the view of facilitating local predictions. M. d'Abbadie 
urged the desirability of developing the study of earthquakes, and 
ofi'ered to give jiarliculars as to an inexpensive form of seismo- 
graph, and as to the ob ervations required, to persons willing to 
undertaVe such investigations. 

Tke Cotnmiiiee of the Association for llu* Oial Instruction of 
the Deaf and Dumb have issued their Report for 1S87. They 
express much i egret that in a great many instances the children 
arc too early removed from the •school established by tlic 
Association. Parents and guardians appear to think that ns 
soon a fair amount of speech and lip reading has been 
acquired there is no longer any need for special training. Not- 
withstanding this drawback, the Committee feel assured that 
in each ytut the friends of oral instruction increase in numbers, 
nnd that the lime is not far distant when the manual alphabet 
and sign language, if retained at all, will exist only as a special 
requirement for case* of imi>crfect vision and scmi-imbeciliiy. 
At the Training College two grades of certificates arc now 
granted^firat-class for head, second-class for assistant teachers. 
During the year 1887 eleven female teachers attended the 
Training College, of wh:»ra six obtained first-class, and two 
second-class certificates. 

A N«w e<ytio(n of Sir Walter Buffer’s *** History of the Birds of , 
New Zealand *’ ka^ been issued. Without going over identically 
^ mm groiutd* the author glve^ in this edition a more thoroughly 
c^plete acceont of the bird-i of a country which is second in 
iote^ to mme in the world as regards its natural history. A 
mdancholy intemit attaches to the avifauna of New Zealand, 
whm ae may 0/ the indigenous birds, remains of a moat ancient 
are extiiuit or on the verge gf extinction. Sir Walter 
BaJ)er; 4 eMrsin well of every naturilist for the wonderfoi pains 
^ enetgy ha lm shown in getting together the facts for the 
mmqr of ^ these bii4i, which m a few years no 
and he has acoomptished his task 
poatien of the woidtaad the full desorip- 
, are as ws^ wtidten >■ ^ aecouns of ^ 


habits. The plates have been done by Kealemaos, and produced 
by ebromolithography, but, like all illustrations of birds pro- 
duced by this process, they are not quite satisfactory. Insects 
appear to us to be capable of illustration by ebromolithography, 
but birds do not lend themselves readily to this method. The 
delay in production is excessive, and the cost very consider- 
able, while the efforts to produce a striking plate result in some 
loss of exactness in the colouring of the bird, this being not 
strictly accurate in many cases. That this should result when 
the best lithographic draughtsman of birds in the world has been 
employed, and^inlimited money been spent on the production of 
the plates, clearly shows us that ebromolithography is, and ever 
will be, inferior to hand-colouring. 

The fifth monthly part of the Cyclopaedia of Education*’^ 
(Swan Sonnenschein) has now been issued. The complete work, 
will include about twelve parts. 

A SECOND edition of Mr. S. R. Bottone’s ** Electrical Jnstm- 
ment-making for Amateurs" (Whittaker and Co.) has just been 
issued. In compliance with the request of several correspond- 
ents, the author has added a short article on the telephone. 

Sir David Salomon’s useful “ Management of Accumu- 
lators nnd Private Electric Light Installations ’’ (Whittaker and 
Co.) has already reached n fourth edition. The author has 
thoroughly revised the work and made some additions, including 
the “ Rules and Regulations for the Prevention of Fire Risks,” 
as laid down by the Committee of the Society of Telegraph - 
Engineers and Electricians. 

Messrs, tiuv and Co., at Cork, and Messrs. Simpkin^ 
Marshall, and Co., Ixirukm, luve piihlished a ** Guide” to who* 
the cnlhusiantic author calls “the most picturesque tour in* 
Western Europe.” By this he means a tour in the south-west 
of Ircdand. The little volume is illustrated, 

Mk. Lelani/s work on “Practical Education" has reached 
a second edition. He wdl now follow up the ideas set down in 
this book by a series of ilUist rated hambbook^. on the minor 
arts and industries The series will begin with a manual on 
“ Drawing and Designing." 

“ A Fresii-watek Yarn," an illustrated account of a 
boat- voyage up the River Avon, is announced for immediate 
publication by Mr. Elliot Stock. 

Mr. T. Fisher Unwin is about to publish a second edition, 
of Mr. Edward Newman’s “ Birdsnesting and Bird skinning, 
The work has been revised, and practically re-written, with, ia 
addition, directions for the collection and lu-eservalion of birds,, 
and a new chapter on bird-skinning, by Miller Christy. 

Messrs. E. and F. N, Spon have in preparaiion “ The 
Drainage of Fens and Low Lands by Gravitation and 
Steam JVwcr,” by Wk II. Wheeler ; ** Practical N.jtes oa 

I ipe Founding,” by James W. Macfarlane ; and “ A Syateftv 
for the Construclion of Crystal Models on the Type of atv 
Ordinary I’lait,” by John Gorham. 

The administrators of the schools of the Caucasus have just 
brought out the first volume of the works of the late General 
Uslar. No explorer of the Caucasus ha« done so much os Uslar 
did for the ethnography of the region, yet his works are Hale 
known. 1 n 1 862 he published his remarkable researches into thw 
Abkhasian language, and laid the foundations foe a rational, most 
appropriate* and easy tranecription of this and other Caucasimn 
lapgoages. Later on, he bn^ht out simiUir works on the 
laaguagtg of the Tcherkesecs, Avarums, Lakbes, and so on. 
He did not metely compile more or lew perfect vocabularies of 
each langaafe* bel thonraghly learoed eii^ in tom, with the 



i6o 


NATURE 


of natives, and he considered his work worthy of publication 
only when he could bring out an elaborate grammar. Unhappily 
ail hU works were merely lithographed in a limited number of 
copies. Now the first volume has appeared at Tiflis under the 
title of ‘‘Ethnography of the Caucasus.’’ It contains Uslar’s 
work on the Abkhazian language, and several smaller articles 
on the principles of transcription of the Caucasian languages ; 
on the languages of the Tcberkesses and Ubykhes ; and on the 
grammar of the Svanetian language. 

Th£ sporadic geographical distribution of Aldrovandia 
•vtskuhsa-^2LVi aquatic plant of the family of Droseraceae — long 
ago attracted the attention of botanists. G rise bach and 
De Candolle discussed it, and Caspary made it the subject of 
two welNknown monographs, trying to explain the strange dis- 
tribution of the Aldrovandia^ a few individuals of which had 
been discovered, after much hunting for them, in localities so 
far apart as Arles, Bordeaux, and a very few other places in 
France; at isolated spots in Italy, Tyrol, and Hungary; in Silesia ; 
about Pinsk in Lithuania ; and at Calcutta. Since Caspary 
wrote, it has been discovered also in Brandenburg, South 
Bavaria, and at two other spots in Prussia. Schweinfurth dis- 
covered it in Central Africa, and Ferd. Muller in Australia ; and 
Russian explorers have found it on the Lower Amu-daria, and 
in the delta of the Volga. Taking up again the whole question 
as to the causes of its sporadic extension, in the Trudy of the 
Kazan Society of Naturalists (vol. xvii. fasc. i), M. Korz- 
chinsky shows that in the delta of the Volga it grows especially 
in thickets of rushes. There, in the most inaccessible parts of 
the thickets, the water is covered with flowers o(iht A/drovandia, 
while in open places it is very scarce, and the few individuals 
discovered rarely flower. MM. Herbich and Berdan noticed the 
same circumstance on the Tiniecki Lake about Cracow ; and 
M. Korzchinsky concludes that the Aldrovandia vesiculosa is a 
feeble plant which cannot compete with other aquatic plants, and 
is thus compelled to seek for refuge in the shaded spots amidst 
the rushes where no other aquatic plants grow. The spots where 
the Aldrovandia grows now must be regarded as a few remnants 
of a wide region over which it formerly extended, and M. 
Korzchinsky compares it in this respect with the Trapa ncUans^ 
which is also disappearing. 

How far north did the Caspian Sea extend during the post- 
Pliocene period ? This quesition has often been considered by 
geologists and geographers. Marine deposits, undoubtedly 
Caspian— that is, containing a fauna which is now characteristic 
of the Caspian Sea — have been recently found as far north as 
the Samara bending of the Volga ; so there can be no doubt 
that during the post* Pliocene period a gulf of the great Aral* 
Caspian basin penetrated north, up the present valley of the 
Volga, as far as the 54th degree of north latitude. . A few 
years ago Prof. Golovk insky raised the question whether the j 
post‘Pliocene sediments which fill up the great depression on the j 
middle Volga at its junction with the Kama, were not also 
deposited in a great lake which stood in connection with the 
Caspian ; and this question is now answered by M. Netchayeff^ 
who has investigated these deposits. He communicates to the 
Kazan Society of Naturalists ( Trudy ^ vol. xvii, fasc. 5), that 
the brown-yellow sandy clays on the Kama about Tchistopol 
(S5* N. lal.), conuin the following fossils : Drtyssena poly- 
marpAa, most characteristic of the Ar^l-Caspian deposits aU over 
the Trans-Caspian region, Pisidtum foniinale^ pcUudina achatina^ 
P* impura^ Limnmus fuscus^ Htlisc pulchella^ and the Hydrobta 
caspia (Eichwald). The latter, according to Orimm, Is one of 
the forms now in the Caspian Sea which are found only in thf^t 
sea. We most therefore conclude that the Kazan depression of 
the Volga, now about 150 feet above the set-level, le, 235 feat 
above the level of the Caspian, was a part of that sea at a period 
so close to oar own as the post-l^Iiocene. 


The cod and whale fisheries in the north of Norway fiavo 
entirely fiiiled this spring, and it U suggested duu the non- . 
appearance of the former is due to the low temperature of the 
sea this season. Thus the Russian naval ofincers stationed on 
the Murman coast found In May only a surface temperature of 
from i** to a** C., and along the Norwegian coaat it has been 
lower still. As to the whale* fishing, only 40 animals bad been 
captured by the end of April against 200 lost year. It is mam« 
tained that the present wholesale slaughter carried out by 
Norwegian and Russian steamers equipped with harpoon guns 
will eventually extirpate these animals, and some measure for 
their preservation is contemplated. Advices from the Arctic 
regions state that there was an enormous mass of drift-ice in those 
waters during this spring. Two sealers, the P/eAla 9 .nd the famous 
Pega, were imprisoned for more than a month in the ice to the 
north-east of Norway. 

In the very useful scientific methods whereby movements re- 
cord themselves in curves, photography and a point moving on a 
smoked surface are perhaps those forms which yield the most 
delicate curves. In the French Soci^t(i d' Encouragement, M, 
Mascart has called attention to a useful modification by M. 
F^non, in which a bent tube of tempered steel forms a siphon, 
dipping at one end in a reservoir of ink, and at the other being 
shaped like a pen point, which U brought near the moving paper 
(the sloped section outwards). Capillary force prevents outflow 
when the apparatus is at rest. A fine trace is produced by this 
pen, without interruption by the most rapid displacements, and 
without sticking when at rest. M. Wolf, of the Paris Obser- 
vatory, has used the system for getting records of air-pressure, 
temperature, wind, &c., with the best results. The reservoir 
needs charging only once a week ; and using inks mixed with 
glycerine a single charge has been found to suffice for a barometer 
record of more than six months. 

In a recent interesting lecture, opening his course at the Col- 
lege de France, M. Ribot gave a sketch of contemporary 
psychology. The science in France might be characterized by 
one expression— “ the era of monographs.” There was no com" 
prehensive work like that of Wundt in Germany ; such were 
certainly very useful, but, like vast cathedrals, they always 
needed repair at some point. In psychology proper, the part 
belonging to logical operations, to reasoning, as principle of the 
unity of perceptions, had been well studied ; and perhaps the 
most important results had been reached in the study of the nature 
and physical conditions of the image. The psychology of move- 
ments, especially those expressing thought, had yielded a rich har- 
vest ; while the great amount of experimentation in hypnotism, and 
the foundation in 1885 of a Society of Physiological Psychology 
(impossible twenty years ago), showed the vitality of French 
studies. In England, the principal contributions were in com- 
parative psychology, represented chiefly by the work of Lubbock 
and Romanes. Germany was the centre of psycho- physics. 
Wundt’s Laboratory at Leipzig, founded in 1879, had aioqtttred 
great renown, and, last year, had twenty students of difierelit 
nationalities working in it. M. Ribot justified those studied# 
which had been rather depreciated in France. The predomln* 
ating tendency in Italy was criminal psychology (belter knovro 
as criminal anthroi>ology)— the three chiefs of the school being 
Lombroso, mainly a biologist ; Ferri, a sociologist and statist 
tician ; and Carofals, a jurist. It had gained several edherente 
in France, and there were symptoms of its invading Spain. In 
the United States, as in Germany, public instniction bad almott 
alone played the part of initiation in the psychological move^ 
ment ; in England, the work had been cbiefiy done hf boo^ 
j (Mill, Bain, Spencer, dec.). Four American Unlvwittes 
I gave specud teaching in physiological psycMogyi and 
] Uboratories, psychO' physics being the domiitam atgdf. 4 
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jaanu 4 devoted to e 3 t|>eriinenUl psychology was started at the 
Johns Hopkins Univonltyj last November! by Prof. Stanley 
HaH* The work of James at Harvard was also referred to. 
Allusion was further made to Russia, which might be expected 
to take a good place in the psychology of the future. 

Thx additions to the Zoological Society’s Cardens during the 
past week include five Pea-fowls {Pavo crntatus, 2 d i 3 Q ) from 
India, presented by Her Majesty the Queen ; a Pagoda Owl 
{Symium sinense\ a Horsfield's Scops Owl {Scops Umpiji) from 
Pesiaog, presented by Mr. C. B. Ricketts ; three Grcy^breasted 
Parrakeets {Bolborhynchus monachus) from Monte Video, pre- 
sented by Mrs. Macnab ; a Gull {Larus ) from 

Massowah, presented by Mr. D. Wilson- barker ; a Chilian 
Skunk {Cempatiis mapnrito) from Chili, a Black -necked Swan 
{Cygnus nigricoilis) from Australia, a White-throated Monitor 
(Vacramu albognlarh) from South Africa, purchased ; a West 
Australian Great Kangaroo (Macropus ocydromus 6 ) from West 
Australia, two Wandering ’I'ree Pies {Dcndrocitta vagabunda) 
from India, received in exchange ; a Japaneese Deer {Ccrvus 
sika 9 ), a Burrhel Wild Sheep {Ovis burrhcl V), born in the 
Gardens. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 JUNE 17-23. 


/I7OR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 34, 
is here employed. ) 

At Greenwich on June 17 

Sun rises, 3h. 44m.; souths, I2h. om. 43 7«. * sets, 2oh. 17m \ 
right asc. on meridian, sh. 4$ '4m. deck 23* 25' N. 
Sklereal Time at Sunset, i4h. 3m. 

Moon (at First Quarter June 17, 7h.) rises, I2h. im. ; souths, 
i8h. 33m. ; sets, oh. 52m / ; right asc. on meridian, 


Ptanei. 

Rims. 

Souths. 

Sets. 

Right asc. a 
on ru 


h. m. 

h. m. 

h. m. 

h, m. 

Mercury.. 

5 37 . 

. *3 43 

. 21 49 . 

. 7 27*5 • 

Venus ... 

3 *9 • 

.. II 32 . 

. 19 45 

. 5 ib-3 

Mars ... 

»3 43 • 

. 19 13 * 

- 0 43*. 

. 12 58*5 ‘ 

Jupiter ... 

17 36 . 

.. 21 59 . 

2 22*. 

; ‘1 tn : 

Saturn ... 

6 53 .. 

• 14 43 ■ 

. 22 34 . 

Uranus... 

13 23 • 

.19 3 . 

. 0 43*- 

. la 49'3 .. 

Neptune.. 

2 37 

.. 10 X2 . 

• 17 57 . 

. 3 S6'o ■ 


21 si K. 

22 57 N. 

6 38 S. 

18 54 -S. 

19 45 N. 
A 35 S. 
18 44 N. 


June. 

* Indicates that the setting is that of the following morning. 

h. 

18 

... 13 ., 

„ Mars in conjunction with and 5 48' south 
of the Moon. 

30 

... 15 . 

Uranus stationary. 

21 

0 . 

Sun at greatest declination north; longest 
day in northern latitudes. 

31 

... 12 .. 

Jupiter in conjunction with and 3“ 51' south 
of the Moon. 
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RVti^s ... 
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GEOGRAPHICAL NOTES, 

The P3pcr read at Monday's meeting of the Royal Geo- 
graphical Society was on Hudson's Bay and Hudson's Strait as 
a navimble channel, by Commander Markham. It was really a 
brief Ketch of a much larger memoir on Hudaon^s Bay which 
Commander Markham has prepared, and which will Ultimately 
be published by the Society. For some years investigations 
have been carri^ on with a view to discover whether the naviga- 
tion of Hudson's Bay could be so depended on as to justify us 
acceptance as a regular trade route, in conjunction with a railway, 
to the more northerly parts of Canada. Commander Markham 
briefly sketches the history of navigation in Hudson^s Bay, and 
concludes with the results of his own visit in the summer of i88d 
on board the Aiert. The result, he states, of all the experience 
gathered from voyages durii^ two centuries, and from observa- 
tions at the stations, is that I^dson’s Strait is perfectly navigable 
and free from ice in August and later in the season. It must be 
remembered that this passage has been successfully accomplished 
nearly every year for the last two centuries, white the vessels 
that nave been employed on the service have been ordinary 
sailing-ships, dependent entirely on wind and weather. It is 
very rare indeed that they have failed to get through, and still 
more rare (hat any of them have been destroyed by the ice. It 
appears from the official records of the Hudson’s Bay Company 
that Moose Factory, on the southern shore of (he bay, has been 
visited annually by a ship since 1735, with but one exception, 
namely in 1779, when the vessel for once failed to achieve Che 
passage of the strait. The percentage of losses by shipwreck 
among these vessels employed in Hudson’s Bay is far less than 
would have to be recoraed in a like number of ships engaged in 
general ocean traffic. Commander Markham pointed out that 
uniil quite recently only sailing-vessels attempted to navigate 
Hudson's Hay, and maintained that with a properly constructed 
steam-vessel, there need be neither difficulty nor danger. The 
establishment of new mutes for commerce, Commander Mark- 
ham concluded, is always a gain to the science of geography. In 
come cases new regions have to be discovered and explored. In 
others the physical aspects of an already known region must be 
more carefully studied, and many points of interest relating to 
the action of climates, or of winds and currents, may be ascer- 
tained. The proposed Winnipeg and Hudson’s Bay Railroad is 
a striking instance. The objections of opponents to the route 
have had to be carefully examined. All former experience had 
to be collected, maturely considered, and passed in review. 
Observatories had to he established at several points, to make 
certain whether the historical records actually coincided with 
physical facts as they now exist. The route itself had to be 
sailed over and explored. All these various researches have 
been as great a ^ain to geography as to commerce. They have 
enriched our science with a fresh stock of information, have 
revised previous conceptions, and confirmed or rejected, as the 
case may be, the theories and views which may have been put 
forward. From this point of view, and from this point of view 
alone, can commercial or political (mestions receive consideration 
here. The study of the Hudson’s Bay route involves a problem 
for which physical geography alone can furnish a solution. 

Dr. F. U. U. Guillkmard has been recommended, by 
the joint Commiitec of the Royal Geographical Society and the 
University, as Lecturer on Geography at Cambridge. 

The BolUttino of the Italian Geographical Society for May 
publishes the map of the Massawa district (Massawa to Saati) 
prepared to the scale of 1 : 80,000, by Prof. P. Durazao, with the 
materials which have been supplied by the Italian Suff officers 
during, the recent military operations in that region. Prof, 
Durazzo has also now completed his large map in two sheets, 
scale 1 : 800,000, of all the Italian possessions and protectorates 
in East Africa. These cartographic works embody the results 
of all the latest surveys, and contain several new features, aa well 
as some important corrections of existing maps. 


OUR ELECTRICAL COLUMN 


ILA, Deri* 

K(kaf«#rn,M*]orl« 169 ... 55 

••• 318 32 N. 

335 - 57 Swift. 


The beautiful Illustrations of stress in a dielectric in 
an electric field, due to Dr. Kerr, have been modified 
and amplified Ify Messrs. Riicker and Boys, and were shown 
to a large audience at the Itistltution of Electrical Engin- 
eers on March 23, and again at the of the Royal 
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Society. The dielectric they used was carbon bisulphide 
(CSa), and the beam of liglrt passed throu;;h about four inches 
of the liquid. The presence and intensky of the electric 
field was evident to all hy the brightness of the screen. 
They showed experiments to illustrate the fact that the repulsion 
of stmilarly electrified bodies may be regarded as an attraction 
between facb of them and surrounding objects. They have devised 
an experiment visible to a large audience to show that in an electric 
field the structure of the CS^ becomes crystalline — that is, the 
optical properties along and transverse V) the electric lines of 
force ore different ; in other words, the velocities of propagation 
of light vibrations differ when parallel and perpendicular to the 
lines of force, contrary to the view formerly held oiPthe Continent 
that the effect is due to unequal expansion. They were able to 
increase the stress so that the liquid displayed colours even to 
the green of the second order ; and by observing the spectrum of 
the light passing through the field, black band.s enter at the 
violet end and traverse its whole length ns the potential rises. 
Faraday's experiments and speculations, Maxwell s mathematics 
and theories, are rapidly becoming acknowledged facts ; and the 
apparatus of Messrs. Riickcr and Boys will materially assist in 
spreading a knowledge of the confirmation which those theories 
receive from the work of Kerr nncl Quincke. 

Blondlot {CofftpUs January 30, 1888) has been 

working in the same direction, but with vibratory discharges 
from a Leyden jar, in order to test the existence or non-exist- 
ence of retardation in the optical effects. He could see no 
retardation. 

Cowles’s process for the production of aluminium from its 
ores by the direct action of nn electric current of 5000 amperes 
in an electric furnace has now become an industry. Works have 
been started near Stoke, and bronzes of wonderful quality are 
supplied at comparatively cheap prices. 

There is a fashion in experimental investigation as in every 
thing else. Self-induction is played out, and now the counter 
E. IVTF. of the arc U passing through the same phase. Uppen- 
born {Bcibfalter^ No. i, 1882, p, 83) is the last inquirer. He 
finds for a current of 77 amperes and 10 mm. carbons, that 
^ == 35*4 to 45'4 ; <?' = j 74 to 3*2 in Edlund’s formula — 

E = + hi* 

Since a decreases both for an increase of current and for an 
increase in the section of arc, he leans to a resistance hypothesis 
rather than an E.M. F. 

Klemencie {Beiblattcr, No. I, 1 888, p. 57) finds the specific 
inductive capacity of mica to be 6 “64 ; Cohn and Arons (Ann, 
der Physik, No. l, l888, p. 13) that of distilled water 76, 
ethyl alcohol 26'$, amyl alcohol 15, and petroleum 2'04. 

X*ALMirRi (March 1S88) has observed that in a bright clear 
sky, with a high and steady barometer, and every indication of 
continued fine weather, the electro meter will give an indication 
of change long before llie barometer. 

W. KoiELRAtJSCf! {Eitriroiechnisihe Zeiiseknffy March 1888) 
has estimated the current and quantity of electricity in a 
lightning -flash. He calculates that it will lake 9200 amperes 
to melt a copper rod of 2*5 centimetres diameter. Preece's 
constant (Proc. R. S., March 18S8) makes it 10244. Sacha 
current concentrated in a flash would contain fr im p to 270 
coulombs, which would decompose from 5 to 25 milligrammes 
of V aler, and fro n 9 to 47 cubic centimetres of explosive pa.s. 
If this energy were stored up and distributed for elec:ric Jighung, 
it would require from 7 to 35 such flashes to keep one glow 
lamp alight for an hour. 

^ Vogel (Eltctroiechnisclu Zeilsckri/l, January 1888) hful pre- 
viously calculated the relative value of copper and iron as 
l^thtntiig-pFotectors, giving iron a section 2 5 times that of 
4 Xmper to act with equal efficiency. Preece's constants give tlie 
rerative efficiency — 

Iron 3148 

Copper 10244 

for equal diameters — that is, an inch rod will fuse with the above 
currents in amperes ; or, if we take the same current, say 300 
amjiieres— 

Iron 0*2086 

Coi^r 0*095 

aae dfatmeteps in indict of the wvies such caiteatt wlU 
•r itt 1 h« ittib tc w ; Vogel't mtb being. 13^54 b 
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Vogel did not consider the emissivity of the 

fore his results are not so accurate as Preece's ex|>eddten(ld 

figures. 

That patient worker, H. Tomlineon, has proved that 
temperature at which nickel be;rlQS to lose its magnetic 
properties is between 300'’ and 320* C. ; but that the rate of 
decrease of magnetic permeability, and the temperature at which 
permeability practically vanishes, vary with the magoetising 
force, and hence the widely different results by different 
observers. Faraday made the former point 330® to 340*; 
Becqucrcl 400® ; I’ouillet 350® ; Cbrysul 400". Iron behaves 
in the same way : permeability vanishes between 750® and 770® 
according to Ledeboer. 

Prof. Ewing anij Mr. Cowan have been examining the 
magnetic qualities of nickel on the same lines as the former 
examined iron. They confirm Sir W, Thomson’s observation 
that longitudinal pull diminishes magnetism to a surprising 
extent. Their paper in the Philosophical Transactions will be 
looked forward to with much interest. 

S. Arrhenius {IVUner Berkhte^ xevi. p. 831). has shown 
that the electrical conductivity of chi >ride and bromide of diver 
was influenced by the intensity of the rays of light which fell upon 
the salts. It was most intense at G of the spectrum, and ia 
therefore an effect of ligiit, and not of heat. 

F. Koh^.kavsch {lVtfikmann\s A nna/en^ No. 4, 1888) has 
shown that the electric conductivity of 

Hard steel is 3*3 
Soft steel ,, 5*5 

Wrought iron ,, 7 ’6 

mercury being i ; while their thermal conductivities in C.G S. 
units were — 

Hard steel 0*062 

Soft steel 0*111 

Wrought iron 0*152 

the ratios being the same. Hence the conditions that determine 
the conduction of heat and electricity are the same. 

Mr. C. V. Buys’s interesting magnetic and electric exj>eri- 
ments with soap-bubbles, and his wonderful manipulative skill, 
remind old Aahktks of the Royal Institution how exquisitely 
Faraday handled s )ap-bubbles hi >wn with oxygen to iflusiratc 
the magnetic character of that gas. Mr. Boys blows one bubble 
inside another, and, on bringing the two into an electric field, 
the perfect indifference of the inner one to any change of 
lK>tcnlial clearly show.s that electrification is confined to the 
absolute surfaces of a conductor, and that it is not felt at any 
depth within it, however small. 


IVNEA T CUL TIVA TION} 

'T'HE most interesting sections of this number of the Journal 
^ are those bearing upon the subject of wheat cultivation. 
The permanent wheat and barley experiments at Woburn, 
reported upon by Sir John Lawes, Bart, is followed by a paper 
upon the condition of wheat-growing in India by Dr. George 
Watt, Reporter ujwn Economic Products to the Government of 
India. Next comes an article by Mr. W. E. Bear upon the 
Indian wheat trade. Lastly, in this connection, comes a highly 
interesting account of modem improvements in com-iAilHi^ 
machinery. These four papers occupy one -third part of tS 
volume, and taken in connection with each other throw oonwideri- 
able light upon the difficulties under which the Rnzltsh 
grower is struggling. Dr. Watt and Mr. Bear bo^ show the 
cxtraonlinarv extent of the wheat-producing area of our Indian 
Empire, ana the rapidity with which this vast fiel 4 U bekif 
opened up. With reference to the Utter point men in middle 
life arc scarcely likely to realize the fact that in 1833 thm ware 
in all only aol miles of railway in India, that in 1873 ^hape wem 
^5 milqs of railway, while in 1887 were 13,386 
Telegraphic coromunicatton with India "was fink opened in x865t 
and the r^ning of the Suez Canal In 1869 was searosly of le^ 
importance in developing her trade ^first, by ifee 

pa^e, and seoondty, by mitigating the tUk from vrOfivd. 
Another agenqy has been the devfl^ent of. indgai^ 
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We md tliAt cmty ” 50^000,000 acres have \ip to date been arti' 
ddally frripitcd, but the appropriateness of the qualifying adverb 
b Tetodeted evident when It is employed in contrast with the 
total aeda of OQO|OOo,ooo acres of cultivated ground, and the 
vast traet of 068,314 square miles which include British India. 
The normal area under wheat is 26,000,000 acres, and the degree 
to which this area is likely to be increased depcrKls entirely upon 
demand and price. Dr. Watt informs us that the Indian culti- 
vator is at all times ready to adapt his courses of cropping to 
circaniatanoes, and thirt he will increase or abandon the cu!> 
tivatioQ of wheat, cotton, or any other crop according to its 
comparative profitableness. 

Dr. Walt comes to (he conclusion that the Indian wheat 
trade opto the present time is a perfectly natural one. The 
people are exporting only what they specially cultivate for that 
purpose. The moment better profits can be realized on another 
crop they will turn from wheat, without being in the least degree 
incommoded,” If this is the case, the English farmer may well 
look with envy upon his Indian brother, as he is in the unfor- 
tunate position of being compelled to carry on wheat growing 
from sheer inability to find a substitute for it in his agriculiurai 
economy. Natural though the course of the ryot may be from 
his point of view, the actual bounty upon wheat, or what 
amounts to a bounty, consequent upon the fall in value of the 
rupee, can scarcely be described as natur.al. This great advant- 
age to the Indian cultivator is clearly brought out by Mr, Bear 
by the following considerations. Kirst, the Indian ryot gets as 
much for a quarter of his wheat now as he obtained in 1872. He 
gets as many rupees, and his rupees ore worth as much to him 
as they were then ! In 1871-72 the aver.igc exchange value of 
the rupee was is, ii'i2cf, whereas recently it has been under 
If. The price of No. 2 club wheat in Calcutta in 1S72 
averaged only 2 rs, 3^. i/. per maund, whereas it has for some 
time past been over zrs, lO/i. I Taking i6rj, per quarter 
(6 maunds) os the price for both periods, then reckoning the 
exchange value of tne rupee for both periods, it is clear that the 
exchange value of i6rj. in 1872 was equal to 30J. 8./. per 
quarter, whereas the exchange value of the same sum in 1588 
IS only 22f. &/. The fact is that the Indian ryot gets as much 
for a quarter of wheat now ns he did in 1872, in spite of the 
fall in prices. He gc‘s as many rupees, am^ Ais mjircs an roorf/t 
rfj much to him. This seems to settle the question as to the encour- 
cement given to the ryot as a competitor in wheat -growini^ with 
the English fanner. Another point, in all respects dii^coiiraging to 
the cultivation of wheat in England, is found m the complete revo- 
lution during the last ten years in com-milling machinery described 
by Mr. W. rroctor Baker, of Bristol. There has been in fact 
not a mere substitution of one machine for anniher, or of one 
w lies of machines for another, but there has been a change of 
the principle and mode of procedure. The old system of "low 
griuding^’^ by tnill-stones, so well calculated for producing flour 
from 50 ^ tender wheats, such as are produced by us, has been 
entirely su^rseded by the Hungarian and Americ.m "gradual 
reducUon ^ process by "roller mills.” Not only does this 
system require the wheat to be dry, hard, and brittle, hO lo 
secure the requisite cracking and gradual reduction, but any* 
thing in the fonn of a soft or moist wheat » most injurious to 
the machinery and the products. It rolls into a paste, steam is 
generated, and the Hour works into balls, becomes attached to 
the roUers, turns sour, and, in fact, throws the entire i>roccss out 
of gear. " It is because of these troubles that owners of mills 
on a laige scale will not employ native wheats in damp seasons. 
No concflkaioo of price is sufficient inducemont to them to risk 
the diiotgaauaUon of the mill, and probable toss of reputation, 
l^ turning out inferior or irregular flour, ” There are, however, 
two modes in which these wimsts may he used. First, by suh> 
mktu^ them to an artificial drying process ; and secondly, by 
rnixii^ them with some dearription of very brittle wheat, and 
^lowi^ the mheture to lie for some weeks, until the brittle wheat 
absotbi sdme of the moisture of the native wheat, to the mutual 
adVtmtaim of both. 

On^ orm kcHHt serious tpointa at issue between science and 
amicitenilpiwice at present appears to be the comparative values 
m maSH^ artifiolm fertilisers, So far as absolute 

eRimrih|aiit:gMs, >tfae 4 »ind«uoe Aeems to be in favour of the appU- 
dhnl«kter«whito, cm the other hand^ the preponderating 
fe on Hie side cif farm-yard manure, la 
deeding ExperimonU at Coburn, 
% VvMMtm. anpHos of dung appear somfr 

mat IHIWI «oae*»mod^di appUcatkms of aalts 


of potash, phosphates, and nitrates direct. Mr. Vallentine, in 
his paper upon the practical value of dung as compared with 
artificial manures, declares in favour of the latter, and labours to 
show the extravagant cost at which form -yard manure is pro- 
duced. " For years past,” he says, " my main reliance hasten 
placed on aitificial manures. Some dung i$ made and some 
bought, but it is found to answer best, as a rule, to sell hay and 
straw and to purchase manures.” This may answer on some 
classes of soil ; but what would be the cflect upon our high dying 
and thiu chalk downs if we were to relinquish Bhce|:»-famting and 
depend upon " artificials? ” 

Many more valuable papers well repay perusal, among others 
one upon recem experiences in laying land down to grass, by Mr. 
Tames A. Caird. The remaimler are mostly official in character, 
being the usual Reports upon implements, prUe farm competi- 
tions, shows, experiments, and the Annual Reports of the 
Consulting Chemist, Botanist, and Entomologist, which, how- 
ever, are none the less valuable for being official. 

Downton. John Wrightbon. 


UN/FERS/TV A tVD EDUCATIONAL 
INTELLIGENCE, 

Cambridge. — I'he following are the .speeches delivered on 
June 9 by the Public Orator, Dr. Sandys, Fellow and Tutor of 
St. John’s College, in presenting for the honorary d^rce of 
Doctor in Science, Prof. G. G. Stokes, Lord Rayleigh, Sir 
Frederick Abel, Prof. Cayley, and Prof. AdaniB : — 

(1) Sal ut am us tleinceps Regiae societal Is praesidem, pro- 
fessorem nostrum Lucasian 11m, senatorum nostrorum omnium 
consensu Brit.inniac senatoribus additum ; quern in mimcre illo 
trijdici Newtoni nostri in vesligiis insistere gloriamur. Atqui 
ipse, qua cst morutn suavitate ct modestia, vix tali sese honore 
dignatur, sed a plausu populari remoliis et .secliisus, tcmplum 
quoddara serennm necupat, ubi reverentia debila rerum naturae 
niiracula persenuatur, ubi "in stalione iranquilU coUocatus ” 
lucis legc^ obscuras observat, observatas ingeuii sui lumine 
illustrat. Viro tali rentm naturam contemplanti crediderim 
apparere nonnunquam sedes illos quielas, 

" quftt neque cemeud^t venti, ncc nubita nimbis 
as&per^uut. neque nix acri cxmcreta pi^na 
can.v c.ulens violat, seinpcrtjiic inniibilus aclher 
iniegu, Cl larjfe dilTuso lumtne ridel.” 

Duco ad VOS virum illustrem, Propessohkm Stokes. 

(2) Venio ad nomen physicorum professoria quern non sine 
desidcrio nuper amisimm, viri cum Cancellarii nostri munifictntia 
baud iia pridcm consociati. Ex illo velut fonte, Hberalitatis 
flumen amplum professorrs nostri in provinciam defluxit inque 
alias Academiae partes redundavit. Ipse fontium exHUientium 
et a<pianim destillantium naturam quam feliciter exploravit ; 
caeli colorem ilium cacrulcum quam dducide cxpUcuit ; quicquid 
audiendi quicquid videndi ad rationes intimas pertinet, quam 
sapieutcr intcrpretatus e-t ; quotiens in rcrum natora eventis 
specie quidem inter sese diversis causas easdem subesae ostendit. 
Quam profund am rei mathemaiicae 0 *«pfaF, ut aiunt, cum 
quanta in experlmentls instituendi.s sollertia conmnxit ; quam 
subtilem denique scientiac cognitionem cum sensu illo coramuni 
consociavit qui non in magna tantum fortuna sed in omni vitae 
condicione rerum omnium est revera ra rissimus. 

Duco ad VOS Ioann EM WilElmdm Strutt, Baron em 
Rayleigh. 

(3) Scientlam Chemicam et in bello et in pace utilem esse, quis 
negahit ? Heri in hoc ipso loco virum hunc insignetn docentem 
audivUtis, quo potisBlmum modo acientia ilia popuU saluti con* 
sulere et pericula paois in artibus suscepta posalt avettere. Idem 
Maitis fulmina ilia antiquia ignota quam femiliariter tmctai : 
pulverem Ulum formidolosum quo Bellona gaudet, quot experi- 
ment is vexat : quam admirabilem in modum velut CHympiits ilk 
Aristopbanis, nil^rat, tonat, omnia permlaoet. Atqui non 
minus quam Peric1« ifle Atheniensis, qui tot invularam imperhim 
eivHati aoae coucUiavit, inter ipsa tonkrna audit tot coloniaram 
Britanniearuin uno in imperto eoniunctarum vocem, et ilktum 
consiUU pro vlHll parte op'tutatUr qui in ipaa /4irrpMniA.0( aitium 
et acknttarani tetnplum quoddara tanto imperto dignum oon- 
tecnire iralueruut TompU UUua e sieerdoribus anmni evim 
praeceptor eorfira f'riqefpe npstio in hoc aenauuto qnonrfam 





NATUJUB 


164 


laudatus est, hodia coram e^dem, tcmpli illius praeside 
illastrissimo, titulo nostro libenter omamus. 

" sunt hie etiam sua praemia laudi ; 
sunt lacrimae rentm et mentam mortalta tangunt." 

Duco ad VOS Hofmanni discipulum, Fnradai succcssorcm, 
FuEnitRicjTM Aucustum Abel. 

(4) Fervent tandem ad Professorem nostrum Sadlerianum, 
virum non modo in recentioris quae dicitur Algebrae proyincia, 
sed etiam studtorum mathematicorum in t&to rejjfno inter prinetpes 
numeratum ; qut, quamquam iuris peritia honores summos 
adipisci potuisset, maluit sese scientiae illi dedicate, quae verbis 
quam paucissimis, quam illi quae verbis quam plurim is, rerum 
veritatem exprimere conatur. Quantum tamen prudent ia cius 
Academiae profuerit, ct senatua totius concilium ct CoUegium 
plus quam unum testantur ; neque Cam! tantum pro^ ripas sed 
etiam in ipsa Europa atque adeo trans aequor Atlanticum fontes 
eius oliis patuerunt. Idem, velut alter Socrates, ipsi rerum 
pulchritudini et verilati mentis oculis contemplandae sese con- 
secravil, arbilratus ilia sola quae studiorum suorum in pure velut 
caelo sint, revera esse, illorum autem imagines quas patvoti^va 
vocamuSf velut specus «TSbiAa videri ; ipsam vero pulchritudinem 
percipi quidem posse sed non omnibus explicari. Quam dilucide 
tamen regnum suum quondam non campo deserlo comparavit sed 
re^ioni cuidam pulcheirimae primum e longinquo prospectac, 
CUIUS partem unamquamqiie posse dcinde peragran, cuius et 
clivos et valles, et rivos et rupes, et flores et silvos posse propius 
maxima cum voluptate aspici. Diu, inter numina silvestria, 
regionem illam lactam feliciter pererret Professor noster insignis, 
Arthurus Cayley, 

(5) Extra ipsas Athenas, stadiis fere decern ab urbe remotus, 
prope ipsam Platonis Academiam, surgit Coloneus ille tumulus 
Sophocleo carmine olim laudatus, Neptuni templo quondam 
omatus, ostronomi magni Metonis cum memoria consociatus. 
Et nos Colonum nostrum iactamus, cUvum ilium spalio a nobis 
eodem distantem, locum arboribus obsitum* avibus canorum, ubi 
in templo quodam stellis observandis dedicate vivit Neptuni 
ipsius inventor. Quid si Colono nostro deest Cephisus? sed 
aqua de clivo iilo antiquitus deducta, Collegii Herscbeliani sub 
hortis transmissa, Newtoni in Collegio in fontem exsilit. Quid 
si Neptuni invent! gloria cum altero participatur ? sed, gloriae 
illius geminae velut ima^o perpetua, Geminorum in sidere est 
Stella quaedam quae caeli tgtivis inter Stellas duplices prae ceteris 
fulget. Idem neque stellarum geminarum cursus, neque Satur- 
num neque Uranum inexploralum reliquit ; neque faces iUas 
caelestes, Leonides vocatas, quas ter in annis fere centenis orbes 
BUGS mognos conbeere ostendit ; neque motum ilium medium 
Imuie qui cum motu diumo terrae collatus per saeculorum lapsus 
paullatim acceleratur. Talium virorum laudibus non debet 
obease quod inter nosmet ipsos vivunt ; pravum enim maltg- 
numque foret non admirari hominem admiratione dignissimum, 
quia videre, alloqui, audire, complecti, nec laudare tantum, 
verum etiam araare contigit.*’ 

Tot insignium virorum nominibus hodie velut cumulus acecssit 
vir iltuatris. Professor Adams. 

The Senior Wrangler of the year is Mr. Orr, of St. John’s ; the 
Second Wrangler Mr. Brunyate, of Trinity. No woman is placed 
with the Wranglers ; but one, Miss H. F. Ashwin, of Girton, is 
bracketed with the first Senior Optime, 

The Rede Lecture was delivered in the Senate House on 
Friday, by Sir F. A. Abel, on the applications of science to the 
protection of human life, 

The Report on Local Lectures gives particulars of a large 
number of science lectures given in local populous centres. At 
evening lectures on astronomy at Nortnampton, Mr, J. D. 
McClure had a regular audience of 277, and 250 at Aylesbury. 
Tlie formation of Students' Associations, for mutual aid between 
the lectures, has been very useful. Several students from 
Northumberland came up to Cambridge in the Long Vacation, 
and did practical work in chemistry and biology. 

The Syndicate appointed to report on Sir Isaac Newton’s 
manuscripts in the possession of the Earl of Portsmouth, the 
scientific portion of which he offered to present to the 
University, have pi^ared a detailed catalogue of the whole, 
whidi Is to be published. 

Prof. Thomson announces that students who receive per- 
miMion may work in the Cavendish Laboratory in the Long 
Vacation, will be a special comve for those who have 
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passed the Mathematical Tripos, and intend taking the Natixial 
Sciences Tripos. 

In the Long Vacation, Mr. Fenton will give a general couvae 
on Chemistry. Mr, Potter will lecture on Systematic Botany with 
practical work, Prof. Macalistcr will lecture on Osteolog|^, and 
Mr. Wingfield will i^ve a revision course of Practical Physiology 
for Dr. Foster ; I^of. Roy will lecture on the Elements of 
Pathology, and will hold a practical course on three days a 
week. 

Prof. Lewis will lecture on Crystallography during July, and 
Mr. Solly will give elementary demonstrations in Mineralogy 
during July and August. 


SCIENTIFIC SERIALS. 

American Journal of Mathematics^ vol. x. No. 3 (Balti- 
more, April). — The number opens with an article by M, E. 
Goursat, ** Surfaces telles que la somme des rayons de courbure 
principaux est pro^vortionnelle k la distance d^un point lixe an 
plan tangent” (pp. 187-204), in which are discussed some 
surfaces of a somewhat more general character than those treated 
of by M. Appell in the last number of the Journal The title 
sufficiently indicates the scope of the mernoir, which in part 
touches upon work acconmlished by Riemanu. — “Remarks on the 
Logarithmic Integrals of Regular Linear or Differential Equations ” 
(pp. 205-24), by Karl Heun, follows up Fuchs’s investigations 
{Journal fur Mathematiky Ixviii. p. 376)* The author has else- 
where shown that the Fuchs equations are not independent of 
each other when the differential equation is of a higher order 
than the second, and in this paper he deduces, from elementary 
considerations, the minimum number of conditions on which the 
existence of logarithms depends. In addition he gives several 
theorems concerning the pseudo* singular points, — Mr. C. IT. 
Chapman, in his article “ On Some Applications of the Units of 
an «*fold Space ” (pp, 224-42), obtains a proof of the rule for 
multiplying two determinants of the «th order by the principles 
of quaternions, — In “ A Problem suggested in the Geometry of 
Nets of Curves and applied to the Theory of Six Points having 
Multiply Perspective Relations” (pp. 243-57). Mr. E. H. 
Moore discusses mailers treated of by Von Staudl, Clebsch, Klein, 
and others. — Adopting the definition of orientation given by 
Laguerre, M. G. liumbert generalizes results previously obtained 
by Laguerre and himself in a memoir entitled “ Sur Torientation 
des systtmes de droiies” (pp. 258-81), and also brings together 
some interesting properties of the hypocycloid given olre^y by 
Cremona and Darboux. 

Bulletin de I Acadhttie Roy ale de Belgique ^ April— Contribu- 
tion to the study of the albuminoid sul^tances in the white of an 
g, by MM. G. Corin and E. Biirard. It was recently shown by 
alHburton that the albumen of the serum is a mixture of two 
or of three albumens, according to the nature of the animal, 
which coagulate under different degrees of temperature. Apply- 
ing the same process of research to the albuminoids of the white 
of eggs, the authors find that five different albuminoid sabstances 
are present in this liquid : two globulines, coagulating at +S7* 
and +67“ C. respectively, and three true albumens, coagulating 
at + 72®, + 76®, and +82®. Besides these new facts, they also 
offer some interesting remarks on the general character of the 
relations existing between the albumens and the globulines, and 
on the opalescence ob8erve<l when these substances I>egin to 
coagulate under the action of heat. — M. F. Folie describes a new 
method of determining the constant of aberration by means of a 
series of observations of one and the same star in ri^mt ascension. 
For this method he claims great simplicity, and exemption from 
the numerous sources of error to which other processes att liable. 
— To this number of the Bulletin^ A. F. Renard contributes ah 
exhaustive memoir on the prevailing geological formstioas of 
the Cape Verd Islands. 

Rendieonti del RmJe Istituto Lombardo^ May.— ^On an old 
theory rc«rding the climate of Quaternary times, by Prof. T* 
Taramelll R^erence is made to the theory announced in 1840 
by Lombardini, who considered that the Quateitiary cHmate im 
simply a continuation of those of previous epochs, modified by 
the appearance of more elevated lands upheaved in post^iTertimy 
tiroes. Hiis anticipates by twenty years Froaklfnd^s yema^ir* 
on the phyrical causes of the Glacial epo^, and the audioe 
to formulate n vukanico-glacial thepry baaed on m df 
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thM j^byaicists and of Charp«ntier. — Meteorological obsei votions 
ma^ at the Urera Observatory, MUau, during the month of 
April 

JHvista ScieniiJicihlndnstriiiUf May 15. — Remarks on the ' 
earthquake at Florence on November 14, 1887, by Prof. P. G. ! 
OiovannoKZt. Followring the system adopted by Serpicri, the j 
author has collected data from various quarters showing that the 
disturbance was of a purely local character. The chief shock, j 
although so violent as to have been heard by the deaf, passed 
through the city with such velocity that very little damage was 
done. It presented all the characters of a true gaseous explosion, ' 
taking a vertical direction from a moderate depth below the 
crust of the earth, and absolutely unconnected with any volcanic 
phenomena. It is noteworthy that the earthquake followed a 
long and exceptional period of wet weather, during which a 
rainfitUl of 225mm. was recorded within the 3:one of disturbance. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, May 17. — **On /Lolotropic Elastic Solids.*’ 
By C. Chree, M.A., Fellow of King’s College, Cambridge. 
Communicated by Prof. J. J. Thomson, F.K.S. 

On the multi-constant theory of elasticity, the equations con- 
necting the strains and stresses contain 21 constants. As shown 
by Saint -Venant, these reduce for one -plane symmetry to 13, for 
thrce-plone symmetry to 9, and for symmetry round an axis 
perpendicular to a plane of symmetry to 5. 

Part I. of this paper deals witli one-plane ayrametry. A solution 
is obtained of the internal equations of equilibrium complete so 
far as it goes. It is employed in solving the problem, already 
treated by Saint- Venant, of a beam, whose length is perpen- 
dicular to the plane of symmetry, lield at one end, and at the 
other acted on by a system of forces, w'hose resultant consists 
of a single force alot;^ the axis of the beam, and of a couple 
about any line in the terminal section through its centroid. The 
case when the cross-^tion U elliptical, and the beam exposed 
to eouilibrating torsional couples over its ends is also treated. 
Results arc obtained confirmatory of Saint-Venant's. They are 
also extended to the case of a compo'iite cylinder, formed of 
shells of different materials whose cross-sections arc bounded by 
concentric similar and similarly situated ellipses, the law of 
variation being the same for all the elastic constants of the solu- 
tion. The limiting case of a continuously varying structure is 
deduced. I 

When a beam of circular section is exposed to torsion, it is ’ 
proved that warping will ensue proportional to the moment of 
the twisting couple. Only two diameters in the cross-section, ! 
and these mutually at right angles, remain perpendicular to the 
axis of the beam. 

Fart XL treats of a material symmetrical round on axis, that 
of ff, and bav^ the perpendicular plane one of symmetry. A 
general solution of the internal equations of equilibrium is 
obtained, supposing no bodily forces to act. The solution 
involves arbitrary constants, and consists of a series of parts, 
each composed of a series of terms involving homogeneous pro- 
ducts of the variables, such as where /, w, n are 

intCMrs, and h is greater than 3. The terms involving powers 
of the variables, the sum of whose indices is less than 4, are then 
obtained by a more elementary process, and these alone are 
retired in the applications which follow. 

The first application of the solution is to '*Saint-Vcnant*s 
problem for a beam of elliptical cross-section. The problem 
IS worked out without intiodudng any assumptions, and a solu- 
tion obtained, which is thus ddrectly prov^ to be the only 
solntion pcMsible if powers of the variables above the third be 

neglected. 

Fart Xn. consists of on application of the second portion of 
the solution of Fart XI. to the cose of a spheroid, oblate or pro- 
and of any eccentricity, rotating with uniform angular 
velocity round its axis of symmetry, which is also the axis of 
symm^y of the material The turfiice of the spheroid is 
eupposnd free of all forces^ 

Th* limiting form of the solution, when the polar axis of the 
Is ^posed to diminish inde^nitely, i» applied to the 


shown to satisfy all the conditions required for the circular disk, 
except that it brings in small tangential surface stresses. 
According to this solution the disk increases in radius, and 
diminishes everywhere in thickness, esi>eciany near the axis, 
so as to become biconcave. All, originally plane, sections 
parallel to the faces become very approximately paraboloids of 
revolution. 

Again, by supposing the ratio of the polar to the equatorial 
diameter of the spheroid to become very great, a surface is 
obtained which diflfers very Little from that of a right circular 
cylinder. The corresponding form of the solution obtained for 
the spheroid, when the ratio of the polar toithe equatorial dia- 
meter becomes infinite, may thus be expected to apply very 
approximately >0 a long thin cylinder. This is verified directly, 
and it is shown that this solution is in all respects os approxi - 
mately true as that universally accepted for Saint -Venant*s 
problem. Acconting to the solution the cylinder shortens, and 
every cross-section increases in radius but remains plane. 

Part IV. treats of the longitudinal vibrations of a bar of uni- 
form circular section and of material the same as in Part II. 
Assuming strains of the form — 

radial = ^(r*) cos {pz - o) cos Jff, 
longitudinal = ^(r)sin (/* - a) cos A/, 

4>{r) is found in terms of ^(r) by means of the equations 
established in Part 11 . From these equations is deduced a 
differential equation of the fourth order for 4(r*)i and for this a 
solution is obtained containing only positive integral even powers 
of K A relation exists, determining all the constants of the 
solution in terms of the coefficients Oq and of ^ and r*. In 
applying this solution to the problem mentioned, terms contain- 
ing powers of r above the fourth are neglected, and it is shown 
to what extent the results obtained are approximate. 

On the curved surface, the two conditions that the normal and 
tangential stresses must vanish lead to the following relation 
between ^ and / — 




Here p denotes the density and a the radius of the beam, 
while M is Young’s modulus, and o* the ratio of lateral contrac- 
tion to longitudinal expansion for terminal traction. This agrees 
with a result obtained by Lord Rayleigh (** Theory of Sound,*' 
vol. i. § 157) on a special hypothesis. 

Proceeding to the terminal conditions, it is shown how p is 
determined from the conditions at the ends* Since depends 
only on the amplitude of the vibrations, we ore left with no 
arbitrary constant undetermined. If the bar be so ‘'fixed ” at 
its ends that the radial motion is unobstructed, this leads to no 
difficulty, but if an end be '* free” a difficulty arises. At such 
an end the solution requires the existence of a radial stress 
cc (it + i)® r (fl® - where * is an integer depending on 

the number of the harino:nc of the fundamental note, / 
denotes the length of Che bar. There will thus be a difference 
in these cases between the results of experiment and those of 
the accepted theory, even as amended by Lord Rayleigh. This 
diveigence will increjse rapidly with the order of the harmonic, 
and, thoi^h very smill for a long thin bar, will increase rapidly 
as the ratio of the diameter to the length is increased. Since, 
in dealing with the conditions at the curved surface, terms of 
the order {a/ If were neglected, the same remarks apply, though 
to a smaller extent, in the case of the ** fixed-fixed’* vibrations. 

May — "Investigations on the Spectrum of Magnesium. 

No. II.” By Profs. Liveing and Dewar. 

Since our last communication on this subject, we have made 
many additional observations on the spectrum of magnesium 
under various circumstances, and have arrived at some ne# 
results. Speaking generally, we find that differences of tem- 
perature, such as we get In the flame of burning magnesium, in 
the arc, and in the spark, produce less dinerenoes in the 
spectrum than we had before attributed to them. For instance, 
tne lines which previously we had observed only in the spark 
discharge, we have since round to be developed in the arc also, 
provide the discharge occur between electrodes of magnesium.^ 
in making these experiments we used thick electrodes of 
magnesium, and brought them together inside a glass globe 
I about 6 inches in diameter, fitted with a plate of quarts in front 


h goosed to diminish indefinitely, is applied to the «uc« wua « xwu. 

Ol a thin CimuW disk rotating freely alwut a perpei^culu 1 compare tha amaraao« of the |m«s of hydrogen in the a« diicbaige. 
Its. jplaiie' through its centre* The solution so obtained is Roy. fioc. Free., voi xxx. p* 157; andvoi. xxxv p. 75. 
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and filled froJa lime to time with various gases. The arc was 
an mstanlaneoua fia.sh which could not be repealed more than 
twice without rendering the sides of the vessel opaque with a 
complete coating of magnesium. It was therefore analogous to 
AH eKpIosion of magnesium vapour. The strong blue lino 
\448t, two pairs about \3895. 3893, and ^3^55. 3M» the strong 
pair about ^2935, 2927, an I the two weaker lines of (he quad- 
ruple group, namely A 2 789*9 and 2797, all come out in the arc 
given by a Siemens dynamo between magnesium electrodes in 
air, in nitrogen, and in hydrogen. We have observed most of 
them also when the arc is taken in carbonic acid, in ammonia, 
in steam, in hydrochloric acid, in chloriras, and in oxygen. The 
observations render doubtful the correctness of the received 
opinion that the temperature of the spark dis^arge is much 
higher lhan that of the arc. Heat, however, is not the only 
form of energy which may give rise to vibrations, and it is 
probable that (he energy of the electric discharge, as well as 
that due to chemical change, may directly impart to the matter 
affected vibrations which arc more intense than the temperature 
alone would produce. 

T//t’ of th€ 

The set of seven bands in the green, beginning at about 
A5 oo 6*4. and fading tiwards the violet side of the spectrum, 
which we have before attributed to the oxide of magnesium, have 
been subjecled to furl her observation, and we have no reason to 
doubt the conectness of our forwer conclusion that they arc due 
either to magnesia or to the chemical action of oxidation. On 
repealing our experiments with the spark of an induction coil 
between magnesium electrodes in different gases at atmospheric 
pressure, we could see no trace of these bands in hydrogen, 
nitrogen, or ammonia, whether a Leyden jar was used or not. 
Nor could wc see them at all in carbonic oxide, but in this case 
the brightness of the lines due to the gas might prevent the 
bands being seen if they were only feebly developed. On the 
other hand, the bands come out brilliantly when the gas is 
oxygen or carbonic acid, both with and without the use of a 
Leyden jar. In air and in steam they are less brilliant, but 
may be well seen when no jar is used, When a jar is used they 
are less conspicuous, because in air the lines of nitrogen come 
out strongly in the same j cgion, and in steam the F line of 
hydrogen oecomes both very bright and much expanded.' It 
seems, therefore, that it is not the character of the electric dis- 
charge, hut the nature of the gas which determines the appear- 
ance of the bands ; and the absence of the bands in the absence 
of oxyMn, and their increased brilliance in that gas, leave little 
room for doubt that they are due to the oxide, or to the process 
of oxidation. If a very smalt piece of magnesia, such as a 
fragment of the ash of burnt magnesium ribbon, he held 
in an oxy-hydrogen jet, most of ‘the spectrum of burning 
magnesium is developed in the flame for a short distance 
ficom the piece of magnesia. Under these circumstances, the 
flame shows the d group and the magnesium -hydrogen series 
close to it, the bands in the .green, the triplet near L, the 
triplet near M of the flame of burning magnesium,, with the 
group of bands in that region, and the line A2f52. It is remark- 
able that the proportions in which the oxygen and hydrogen Are 
mixed affect the relative intensities of different parts of the 
spectrum. In general, both the metallic lines of the 6 group 
and the bands of the oxide arc easily seen ; but if the oxygen 
be in excess the bands of the oxide come out with increased 
brightness, while the 6 group fades or sometimes becomes in- 
vUible. On the other hand, if the hydrogen be in excess the 
bonds fade, and the ^ group ^ows increased briUiance. There 
can hardly be much difference in the temperature of the flame 
according as one gas or the other is in excess, but the excess of 
oxygen is favourable to the formation and stability of the oxide, 
while excess of hydr^en facilitates the reduction of magnesium 
mod its maintenance in the metallic state. As regards tempera- 
ture, it should be observed that while substances merely h^ed 
by the flame, and not undergoing chemical chfing^, are not likdy 
to rise to a temperature above the average temperature of the 
0ante, it will b« otherwise with the maUrlala of the flam« itself 
and other substances in it which are undergoing chemical change, 


* Neither the arc of a Siemens dynamo, nor that of a He HeKtens 
ntaffUeto-etectYic maehbe, whan taken in acrticlblaof magnaua^ shom theee 
hftiKbk evenif metalhema^iJain be dffMBit kuu it. A stfenoi of 
m led into the qrurible with a view to it does cot elicit them. When 
the arc Is taken in ttw open air, and motuUic maanestum dtvvpped through It, 
the bands a^oar montkitaitiy. but that is probably the lenut of the baming 
of the magnesium vuimurouddde the ate. (Iti^ eg,) 


and have at the Instant of such change the kinetic energy due to 
the change. 

In fact, when chemical changes are occurring in a llamt lb 
cannot be taken for granted that the temperatures of the mole* 
cules are all alike, of that the vibrations which they astttme we 
the result of heat alone. On the other hand, the tempemiure 
of the metal separated from magnesia by (he oxyhydro^en flaure 
cannot, we suppose, be at a temperature higher than ih9jL of the. 
hottest part of the flame, Wc are therefore inclined to tUftk 
that the metallic lines (^) are manifealed at a lower temperature 
than the bands of the oxide ; and the nppearauoe of a line in the 
position of the first band without any trace of the second band 
{ which is nearly as bright as the first), and without any trace of 
the i group, is quite sufficient to create a suspicion of mislakeD 
identity when Mr. Lockyer ascribes the sharp green line in the 
spectrum of Dcbulacr to this hand of magnesia, I'his suspicion 
will be strengthened when it is noticed that the line in question 

usually in the nebula? associated with the F line of hydrogen, 
if it be borne in mind that the spark of magnesium in hydrogen 
docs not give the bantls, and that the oxyhydrogen flame hardly 
produces them from magnesia when the hydrogen is jn excess. 

In Mr. Lockyer's map of the spectrum of the nebula in Orion 
(Roy. 5 >oc. Proc. vol. xliii. p. 134), he has trepresented three 
lines in the position of the edges of the first thr^e of these 
bands. If these three lines were really seen in the there 

wouM be lew room to doubt the identity of the spectra ; but the 
authorities quoted for the map (Uc. r/V,, p. 142) mention only a 
single line in this position. 

When the flame of huriring magnesia m-is viewed with a high 
dispersion, these bands are resolved into series of fine, closely 
set lines. Seven such series may be counted, bemnnrng at the 
approximate wave-lengths 5oo6'4, 4995 6, 4^5*4, 4973*6, 
4961*6, 4948*6, 493^*4, respectively. When a condensed spark 
is taken b^ween mapiesium electrodes in oxygen mixed with a 
little air, the pair of strong nitrogen lines may be seen simul- 
taneously with the bands, and lying within the first band, the 
bright ^ge of the band being somewhat less refrangible than 
the less refrangible of the two nitrogen lines. 

When the Imnds are produced by the spark dtschatge between 
magnesium electrodes in oxygen or other gas, we have not been 
able to resolve them Into lines, but the whole amount of light 
from the spark is small compared with that from the flame, and 
besides it is possible that the several lines forming the shading 
may be expanded in the spark, and thus obliterate the darker 
spaces between them. 

TnpUt Htar Af and a ijacent Bands. 

Our former account of the spectrum of the flame of burning 
magnesium included a description of a triplet near the solar line 
M, and a series of bands extending from it beyond the well- 
known triplet near L. As we had not observed these features ift 
the spectrum of the spark or arc, and could not trace their con- 
nection with any compound, we concluded that they were pro- 
duced by magnesium only at the comparatively low temperature 
of the flame. We have since found that they are not produced 
by the metal at that leraperatarc only, but are exhibited as 
strongly, or even more strongly, in the arc between electrodes 
of magnesium. In the latter case they appear concurrently 
with the line at 4481 and other lines which seem to belong^to 
high temperatures. We must therefore regard them as not only 
produced at the temperature of flames, but as persistent at 
temperatures very much higher. 

The different circumstances under which we have observed thi(!i 
triplet are as follow : — 

In the oxyhydrogen flame when a very stnall piece of mag- 
nesia is held in it. In this care the outer two lines of the triplet 
are much stronger than the middle line (X3724 about}, vriiicQ in 
some of our photographs does not show at all. It should he 
noticed that the least refrangible of the three lines ^1730 about) 
is in general more diffuse and not ^utte so bright as the two 
more refrangible tines. Magnesia in the oxyh^rogen flkme 
also gives rise to some bands close to and more refran^ble than 
the triplet, and to another stiU more refrangible but less bright 
triplet, in which the lines are set at nearly equal distances ifom 
each other, with the approximate wave-lengths 3635*7, 36a6^:a^ 
3620*6. These addhtonal bands and trtejets are ^ reaKl^ 
absent from the flame spectrum, for traces ofthem may beseitaqi^re 
some of our photographs of the tDagnesinm flame, but they seem 
relatively br^hterln the oxybydro^ flame wtdtsitegpttste^ 
the longed m^sure ot the pMographIc ptate in tb« latter M6 
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helped te bring thorn out. They seem to come out more 
stiroagly under &d oonditiona which make both the green bands 
of Hike and the b group »how well. 

not notioed the more refrangible triplet (X36337 to 
jdUOHii about) under other circumstanoesf but the triplet near M 
ii pfoduoed when magnesia is held m the flame of cyanogen 
buftting iu ox>gen, in the flash of pyroxylin with which 
tnacpNniutn fl lings huYe been mixed« or which has been treated 
with an aloohoUc solution cd* magnesium chloride. 

It i» ttot only very strongly developed, but shows strongly re- 
versed on our photographic plates, in the spectnim of the arc 
from a Siemens dynamo taken between electrodes of magnesium 
in oxygen t and most of the accompanying ultra-violet bands of 
the magnesium flame spcctnim are at the same time reversed- 
It is less strongly, but distinctly, reversed in the spectrum of the 
some arc taken m air, in carbonic acid gas, ami in sulphurous 
acid gas. It appears also if the arc is taken in ordinary nitn^gen 
unless great precautions are taken to exclude all traces of oxygen 
or carbonic acidj when it completely disappears. It is developed 
also in the flash produced when a piece of magnesium ribbon is 
dissipated in air by the dUchatge through it of the current fiom 
50 cells of a storage battery. Also in the spark in air at atmo- 
spheric pressure between magnesium electrodes connected with 
Inc secondary wire of an induction coil w'hen the alternating 
current of a Dc Merltens magneto-elccliic machine is passed 
through the primary. 

In two cases, but only two, we have found this triplet, or 
what looks like one or l>oth of the more refrangible of Us linc'^, 
developed in vacuous lubes. In both tubes the gas was air. 
One had platinum electrodes an(l a strip of magnesia from burnt 
magnesium tUsposed along the tube ; the other Tiad fragments of 
the Dhnrmsala meteorite attached to the platinutn electrodes, 
'lire discharge was that of an induction coil worked in ihe usual 
way without a Le\ den jar. In each case it is only in one photo- 
graph of the spectrum that the lines in (tucsiion appear. In 
other photographs t.aken with the same tubes they do not nhow. 

On the other hand, this triplet does not make its appearance 
in the arc from a dynanto between magnesium electrodes in 
hydrogen, coal gas, cyanogen,’ chlorine, hydrochloric acid, or 
ammonia ; nor in the arc fiom a I)e Meritens machine in hydro- 
gen or nitrogen. It does not show in the spark between mag- 
nesium electrodes of an induction coil used in the ordinary way, 
either with or without a Leyden jar, in hydrogen or in air at 
atmospheric pressure ; nor in the glow discharge in vacuous tubes 
with magnesium electrodes when the residual gas is either air, 
oxygen, nydrogen, carbonic acid gas, or cyanogen, Nor does 
it appear, except in the one instance above-mentioned, in the 
glow discharge in highly rarefled air in a tube containing either 
magnesia or a strip of metallic magnesium, 

A review of all the circumstances under which the triplet near 
M and its associated bands appear, and of those under which 
they fail to appear, leads pretty conclusively to the inference 
that they are due not to merely heated magnesium but to the 
oxide, or to vibrations set up by the process of oxidation. 

We have expended a vast amount of time and trouble over 
vacuous tubes, and our later experiments do but confirm the 
opinion which we had previously formed that there is an un- 
certainty about them, their contents and condition, which makes 
us distrustful of conclusibns which depend on them. Photo- 
graphs of the ultra-violet spectra given by such tubes tell tales of 
impurities as unexpected as they are difficult to avoid. Every 
tube of hydrogen which we have examined exhibits the water 
spectrum more or less, even If metallic sodium has been heated 
in the tube, or the gas dried by prolonged contact with phos- 
phoric oxide. Indeed the only tubes winch do not show the 
water s^ctrum have ■ been filled with gases from anhydrous 
materials contained in a part of the tube Uself ; and even when 
tubes have been filled with carbonic acid ^s from previously 
fused sodium carbonate and boracic anhydride the water spec- 
trum is hardly ever absent. The last traces of the ultra-violet 
bands df nitrogen are ahnost os difficult to be rid of with 
wteuaty* Frequently, unknown lines or bands make their 


I tu takiftff tlw arc in thi» way In t^nogen our photo^phs show the 
whbleof the five band* of cyOnom bcftwven K and L wall revofied, We 
have bdbre nodoed ><Koy. Soc. Froc., vol. xaaxii. p. 4) the fevwwU of th« 
ui|Mt« rafrSrtflkkL thiwi of itm betUd* agalmi the brwbt background of the 
•mndfed lUWR Of rnoia^m when eonw of tb4t metal wu dropped into the 
m betwsto oafhbn eNtecrodOa but in uidng ebe arc between nwgaeafam 
of QruKigea the bright wings of thnexpaaM 


appearance, and the same tube will at different times exhibit 
Wholiy different spectra. This U especially the case with tubes 
of rarefied gases which oppose much resistance to the passage of 
the electric discharge, such as oxygen. 

The ultra-violet magnesium lines which we liave observed in 
vacuous tubes with magnesium electrodes, when the induction 
coil, without jar, is employed, are the triplets at X,l837, and the 
lines X2^2, 2802, and 2795* These appear whether the residual 
gas be air, oxygen, hydrogen, or carbonic acid. When a jar is 
used we have obtained also the triplets at P and 8, the pair 
about A.2935 and 2927, and the quadruple group near A2802 and 
the quintuple group beyftnd, and aru cau only^ in oxygen, the 
group near i, described below, and the flame-triplet near M. 
When no jar is used sometimes only A2852 is to be seenf some- 
times A2852 and the strong pair near \2i02, and sometimes also 
the triplet near L. We infer, therefore, that this is the ordered 
persistency pf these lines under the circumstances. 


Group near 

In their list of lines in the spectrum of magnesium (Phil. 
Trans., 1884* p. 95 ) Messrs. Hartley and Adeney have given 
two lines, A307i*6and A3046t), which we had not heretofore 
observed either in the spectrum of the flame, arc, or spark of 
magnesium ; but in our recent observations we have noticed in 
many cases a well-marked line which, by interpolation between 
neignbouring iron lines, appears to have a wave-length about 
3073 5, and a pair of narrow bands sharply defined on their lees 
refrangilde sides at wave lengths about 3050 6 and 30467, and 
fading away on their more refrangible sides. 

The circumstances under which this group is seen and is not 
seen, do not seem to indicate that its emission is connected with 
any particular temperatures so much as with the character of the 
electric discharge, and perhaps abo with the density of the 
magnesium vapour. 

Royal MicroscopicJil Society, May 9. — Dr. C. T. Hud- 
son, president, in the chair. — The President said that on the 
occasion of his taking the chair for the first time, he desired, 
before beginning the business of the evening, to thank the 
Fellows very heartily for the honour which they had done him 
in electing him llieii* President. — Mr. Crisp exhibited a form of 
camera lucida by M. Dumaige, of Paris, fit tod in a box with a 
cover, which, when closed, kept the prism and mirror free from 
dust ; also by the same maker, an adapter with spiral springs, 
for rapidly changing objectives, and a portable microscope in 
which the foot and stage were in one piece. — Dr. Kibbler ex- 
hilntcd and de^cril>ed a new stand and camera, which, he 
believed, would be found very useful for photomicrography. It 
had been made to his design by Mr. Bailey, his idea being that 
it was best not to lake negatives upon a large plate, but on a 
quarter- plate first, and afterwards to enlarge the picturesfrom the 
original negatives. The great advantage of this method was in 
the amount of light gained for the purpose of focussing. The 
quarter- plate size was also the proper one for lantern slides. The 
ordinary diaphragm plate placed- immediately below the stage 
he had found entirely useless, but by removing it a certain 
distance from the object it then ceased to cut off the field, and 
began to reduce the light and to improve the penetration and 
definition. With high powers this answered very well, but it 
would not work with fow powers unless the diaphragm was 
removed to a distance too great to be convenient In practice. 
He had therefore devised the plan of introducing a short li-iwoh 
condenser behind the stage, and about 3 inches in front of the 
diaphragm plate, in this way throwing it out of focus. The eflfect 
of this was that the same imftrovement in penetration and 
definition was obtained, but on a much shorter distance. Atten- 
tion was also called to a method of clamping the object in 
position when the focus had been obtained ; also to a plan for 
obtaining a fine adjustment by a tangent screw — Mr, Mills's 
note on a sponge with stelliform spicules was read.-— Mr. Crisp 
referred to s >tne conamentfl which had recently been made in 
America upon the advantages of the method of tdting the stage 
of the microscope as n means of obtaining a very economical and 
simple fine adjustment, on which some discussion took place. — 
Dr. A. C. Stokes's paper on nevr Infusoria Flagellata from 
American Ireah-watem, containing descriptions of twenty new 
^Ciea, was read. — A paper on riie Eofamiaifera of the Red 
Chalkv byMesw*. H. W* Rurrows, C. 0 * ^^bcrbon, owl Rev, 
G. vm also ?ead. 
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Academy of Scienoei, June 4. — M. Jan9sen» President^ in 
the chair. — On the equilibrium of a heterogeneous mass in 
rotation, by M. H. Poincarii. This is a generalization (worked 
out Oft a h^sh basis) of M. Hamy’s theorem of fluids in rotation. 
If all the surfaces of the several liquid layers in contact were 
ellipsoids, then all these ellipsoids would be homofocal, which 
is impo&sihle unless all the layers be assumed of equal density. 
— On the rainbow, by M. Mascart. The results are here 
published of the author's researches on this phenomenon in 
connection with M. Boitcl’s recent communication on the 
aupemumerary arcs of the rainbow.-— Experimental researcdies 
on the action of the brain, by M. Brown-Sdquard. The ex- 
periments with rabbits here described tend tg show that the 
so-called motor centres and the other parts of one hemisphere 
of the encephalon may determine movements in both sides of the 
body through the influence of gravitation alone. This con- 
clusion, while opposed to the generally accepted doctrines, is in 
harmony with the views advocated by M. Brown-S^qunrd in 
previous communications to the Academy. It is evident, he 
remarks, that the motor zone of each side of the brain is i 
capable of producing movements in the corresponding members 
on either side, and not, as is commonly supposed, on that side 
alone which is opposed to the centre of irritation. — Observations 
of Sawerthal’s comet made at the Observatory of La Plata with 
the Gautier 0*31 7m. equatorial, by MM. Ucuf, MacCarthy, 
Salas, and Delgado, These o)>servations cover the period from 
March 9 to April a, 1888, and the position of the (Observatory 
is given at Int. - 34^" 54' 3o''‘3, Jong. \V. of Paris 4h. om. 58s. 
— Determination of the ohm by AI. Lippmann’s electrodynamic 
method, by M. 11 . WuiUeumier. The true value of tJie ohm as 

worked out by this process is given by the rebation , the 

resistance of the conductcjr between two given points A and B 
being R = o'30i889 . 10*. The value thus obtained is repre- 
sent^ by the resistance at o'’ of a column of mercury with 
section immq. and length lob’sycm. — On electro-chemical radio- 
phony, by MM. G. Chaperon and E. Mercadier, By the 
method here adopted, the authors have succeeded in obtaining 
an electro-chemical radiophone whose effects are analogous to 
those of the seknium electric instruments, possessing equal 
intensity and being capable of like applications.— Qn the action 
of the alkaline phosphates on the alkaline earthy oxides, by 
M. L, Ouvrard. The author has made a cotoparative sfludy of 
baryta, lime, and strontian, for the purpose of determining the 
nature of the compound substances chat may be obtained by 
fusion of these bases and some of their salts with the alkaline 
phosphates.— On some new gaseous hydrates, byM. Villard. To 
those already known the author now adds analogous hydrates of 
methane, et^ne, ethylene, acetylene, and ptotoaide of nitrogen. 
They are generally less soluble, less eos^y Uquefled, than those pre- 
yiously obtained,, and arc decomposed at respective tem^ra- 

turesof 12", i 8*'5, 14®, and 12*. It is shown in the cose of 
methane and ethylene that a may form a hydrate above its 
mitical temperature of Uqueiaaion, and that these two ^ases 
have a critical temperature of decomposition considerably higher 
than the others. — Contribution to the study of the ptomaines, 
by M. Oeehsher de Coninck. Having reOfenfly obtained a 
ptoroabe in CgH^N, the author here determinea by analysis a 
certain nnmber of salts, and describe th^ predation of the 
chloromercnrates and ic^omethylate. — On the development of. 
the groin of wheat, by M. BaUand. It results from these studicR ^ 
that wheat may he advantageously reimed eight or ten days 
earlier than is customary. During this Utter period tha grain 
ceases its indapendent growth, and may continue to complete its 
development just as well in the cut ear as on the standing stalk. 
The point is obviously of great importance to growers, who have 
thus so much more time to harvest their crops. — Influence of 
the organic temperature on convulsions produced by qocalnCf by 
MM. F. LangfuU and Ch. Richet. Some experiments are 
described tending to show that the higher the temperature of the 
animal the more ausceptible it becomes to the toxic effects of 
cocaine. It is infeiml that refrigeration should be a gaseral 
method iq>t to diminish the effects of toxic substances causing 
convulsions.— On the chemical action and vegetative aJiterations 
of oDlmal protoplasm, by M. A. F. Fokker. Continuing his 
atmady^described expertments^ the author here shows that* 
heddei the property of produdng fermentations, probwlasinpos- 
oewes that of umiergoing vegetative changes, thus oonAmting his 
already expswssed opiidon that the formation of hematocytos is a 
cose of hatetogebw. 


Royal Academy of Scieneea, June 6. — A srevhrw of the 
ref^earches on the electricity of the arr, by Prof. Edhindf-^Ke** 
searches on the elasticity and tenacity of metallic wires, by Jbr. 
Isberg. — On the prohamlity of flnding latge numbers in the 
development of irrational decimal fractions and of contlntied 
fractions, by Prof. Gyld^n.— Researches on a nondiUear 
differential equation of the second order, by the •ame.^^On the 
forms and varieties of the common hemng* by Prof. F. A. 
Smitt.— On the integration of the differential equations if the 
Nbody, problem iv,, by Prof. Dillner.— New remarks on the 
genus Wflliamsonla, by Prof. A. G. Nathorst.— Contributions to 
the knowledge of the nydroids of the western coast of Sweden, 
by M. Segerstedt. 


BOOKS. PAMPHLETS, and SERIALS RECEIVED. 

Poemit in the Modem Spirit: C Catty (ScottX— Rural Water Supply * 
C. I.. Hett (Spun). '-Contribution S la M^tSoraloaia ElncCnqua. Notes: 
Prof. J. Luvini (I'un^-'Nafural History Transactions of Northum- 
Vierland, Durham, and Ncwcastle-upon-Tytie, vol. i*. Part a (WilUama 
and Norcate).— Morphologwches Jabrbucb, 13 Band, 4 Heft : C Gsgen- 
haur (Wniiaras and Norgate). — Bulletin of the Now York State Museum of 
Natural History, No, 3 ( Albaby). *^Rappojt Annuel anrl'Eiat de PObaerva- 
toire de Pans, 1887 (Oauthier-Vi liars, Paris). ^Archives ItxUennes de 
Biolnpe, Tome 9, Kasc. 3 (I-oe*cher, Turin).— Zcltscbri ft f 3 r Wlmenschaft- 
Jiche Zoologte, 46 Band, 3 Heft (Williams and Norijfate).— Botaniache 
Jahrbfjcher, Neuntcr Band, 5 Heft fWilUamA and Norgate).— Geological 
Magazine, t«ne (TrUbucr).— 'journal of the Society of Tetemph-EngifieerR 
and Electricians, No. 73 (Spun). — Proceediugs of the Bath Natural History 
and Antiquarian Field Club, No. 3, vOl. vi. (Bath). — Hand-book of the 
Amaryilidese : ). O. Baker fBeIl).-^)einentary School Atlas : J, Bartholo- 
mew (MaCinillan).— A Season in Sutherland : /. E. Edwards-Moss (Macmil- 
lan).— The Encyclopsedic Dictionary, vol. vii. Part 1 tCasaOll).— TaoKa 
Klomeiital de las Detenn loan tea : F. Amordtti and C M- Morales (Bledma. 
Hucddb Ayres).— The Clyde from its Source to the Sea: W. J. Millar 
(Blackie) -^General Phyaloloey : Dr. J. G. M*K«ndrick (MacLeht^ Glas- 
gow).— An lllu&trated Manuaiof British Birds, Part 3 *. H. Saunders (Gunny 
and Jackson).— Die NatUrllchen PflanseniamUien, r8 and 19 LMk. ; 
Eneler and Prantl (X.eipiEig>.— Uebor Kers- und Zeiltheilung im PAaaxen- 
rei^e (Heft s of H istoiogische BohrSge) ; E. Strasbmver (Fischer. Jeila). 
— Sea*sids and Way-side Nature Readera, No. 7 : J. M. Wright (Heath, 
Boston).— Report on a Part of Northern Alberta and Portions of Adjacent 
DistrictR of Assiniboia and Saskatthewan : J. B.- TyrreJlfDawson. Montreal)* 
—The Eore$t Flora of South AuflCralia, Part 8 i J. K. Brown (Adelaide).* 
Journal of the Chemical Society, June (Gurney aid Jacklon). 


CONTENTS- PAO» 

The Boyd* “ By Ppof. Alfred Newtoto, 

i . • • 145 


F.R.S. 

Theoryand Ute of a PhyileAl B^adiuace . . ^ n « « 
The FlPfa of yVept yofJkeJfiird 
Our Book Bbelf 

Mitchell : A MaAua? of Practical Ansayiag” . . , 
Jonei j ** Asbeitos, Its Production Oftd Use . 

SetdeL Industrial Instruction " , ^ 

JLetters to the Editor trr 

Electric Fishes in fh’e Rlvdt Uniguay.— Df. P. L. 

Setater, F.R.S. . 

The Salt Industry ia the United States. —F. Tucker- 


prof. CJrecnhill on “Kmexnatica and Dynamics.^ — 

Prof, T* Q. MatOregot ' . . ' 

Further usd of Ptolemys Theorem (EucHd, VI. D) 

; for a Problem in Maxima and Minima. (/fW 

. 

, Davis? ” BIoIoot/— U lidlReviewet . ... , , , 
M. Thebip dF Btdlihai (WVA W 

E. Dougla* Archibald , 

The Viaftatian of the Koyal Obaervatoty 

Tndnatriaf Training . J « , . 

Welsmanh bn Heredity. By P. Chalmere MitelteB 
Qeolo^eal Union. By Sir J. Wm. DawMa, 

Kotea i i !! i i !! i i I 

Aacronomical Phenomena for the Weak tW 

June 17-23 . * 

0eograplileal MotM s . 

Our J^eetrfoal Column , ^ , 

Wheat Cultivation, By Prof. Wii^tioti ^ . 
tinivarelty mndEdueattonal llitdttkwica . . . ; • 
Soien^ Badalh V * .4 . 

Booletiea Jmd Atadeariaa • « • » « . . « • • • « * 
Booiu, Pamiri^ttfl, and Setfak « . 4 


Md 

*47 

14& 

Mf 


iA& 

i’49 


149 

149 

*49 

m 

.'p 

t 6 i 

adi 


» 


NA TU RE 


169 


THURSDAY, JUNE 21, 1888. 


TJ/E STEAAf^ENGLVE, 

The Steam-Engine, By G. C. V. Holmes. (London : 

Longmans, 1887.) 

'‘TP HIS treatise is intended as an elementary text-book 
i- for technical students. In many respects it fulfils its 
purpose, at least better than any book of moderate size 
with which we arc acquainted. It is clearly written ; its 
aijangement, If not the best possible, is orderly ; it is so 
far practical that problems arising in the actual design 
and use of steam-engines are not ignored, but attacked 
in a sufficiently elementary way ; and the rationale of 
processes involved in the use of steam is explained 
adequately and correctly on the whole. The woodcuts 
represent fairly good examples of construction, with the 
exception of one or two, like those of the injector and 
exhaust-ejector, which are antiquated, and one or two 
others so bad that they arc obviously mere imaginary 
sketches, Nevertheless the book fails of being what a 
really good elementary text-book of the steam-engine 
might easily be— what, indeed, anyone of Mr. Holmes's 
competence would make it, if some experience in teaching 
had shown him the needs and difficulties of engineering 
students. It is a little to be feared that Mr. Holmes’s 
book is marred by an attempt in part to adapt it to the 
requirements of some existing examinations on the steam- 
engine, which are more scrappy and less scientific than 
the worst of existing text-books. If only a really 
adequate practical and elementary text-book were 
written, it would control the examinations instead of 
needing to be adapted to them. 

The treatise includes the mechanics, the thermo- 
dynamics, and rules for the design of steam-engines. 
The portions included under the last head are by far the 
weakest portions of the book. The scattered discussions 
of the strength of some portions of engines and boilers 
are too vague and general to be of practical value. The 
rules for the strength of fly-wheels at p. 246, and that for 
area of steam passages at p. 204, are examples of the 
kind of useless rules which stop short of encountering 
any one of the actual difficulties of ordinary designing. 
It is just these portions of the book which seem designed 
to meet the exigencies of a student cramming for an 
examination, and the book would be improved by their 
omission* An elementary treatise on the steam-engine 
might well leave questions of design on one side, and 
confine itself to a descriptive account of engines and 
boilers, with theory enough to explain the actions involved. 
But then it is neither necessary nor useful in such a 
treatise to introduce elementary physics and mechanics. 
A technical student may be assumed to know elementary 
science I have not assumed,” says the author, ** the 
slightest acquaintance on the part of the reader with the 
sciences of heat and motion, and have consequently de- 
voted many pages to the explanation of such parts of 
these, sciences as are necessary for the proper, under- 
standing of the working of engines.'* Hence we find 
a cha|vter on the nature of hent, including a discussion of 
the lifting of ice, and the graduation of thermometers. 
There iure definitions of mass, weight, force, and velocity, 
hndj^t&v^iottl examples of the tews of motion. Surely 
Vm* XSCXYiiL-^Ka 973* 


ail this would only be justifiable in an age when elementary 
hooks were scarce and dear. An ordinary student finds 
it a tiresome obstruction, when the way to the subject of 
the book is barred by such repetition. On the other hand, 
a brief but clear and critical account of the methods by 
which Regnault determined the fundamental constants 
for steam wpuld have been very useful. It would have 
shown both the meaning of the terms used, and the 
probable trustworthiness of the determinations. In place 
of this, we find only verbal definitions and formulae. 

The thertnodynamical portion of the book is probably 
its best and clearest part, and that in which it is most in 
advance of any quite elementary book of a similar kind. 
It must be understood that in criticizing this portion we 
do not ignore the fact that the author has done a service 
to elementary technical students. 

On p. 67 a diagram is copied from Maxwell, and called 
a diagram of isothermaU of dry saturated steam. It has 
escaped the author that for dry saturated steam there is 
no isothermal. At a point in the curve, say at 212% the 
steam is saturated : on one side of this it is a mixture of 
steam and water, or conventionally wet steam ; on the 
other side it is superheated steam. The saturation curve 
so useful in steam-engine calculations is nowhere 
mentioned. Further, in any modern treatment of the 
steam-engine it ought to be recognized that the engineer 
is always or almost always dealing not with dry saturated 
steam but with wet steam. The algebraical expressions 
for the total heat, &c., of wet steam should be introduced 
along with those for dry steam. Curiously, nowhere in 
this book can we find an expression for the latent beat 
of steam, though no quantity is so often required. The 
total heat is given, and so the latent heat can be interred^ 
but surely the ordinary approximate expression for latent 
heat is also useful 

In Chapter III. the theory of perfect engines is given. 
Following the precedent of treatises of wider scope, the 
author begins with the laws of expansion of permanent 
gases. Next the theorem about a reversible engine is 
given, but in a form in which it is restricted to the case of 
an air-engine. The efficiency of the reversible engine so 
obtained is afterwards spoken of as the efficiency of 
perfect heat-engines in general. But the independence 
of the result on the nature of the fluid employed is no- 
where indicated. The diagram for a perfect steam-engine 
is gfiven on p. 113. But no elementary student will 
perceive why the efficiency of this is the same as that 
of the air-engine, at least without explanation. The only 
idea ordinary students get from the theorem about the 
Carnot engine is that the efficiency of any engine 
is proportional to the range of temperature in the 
cylinder. In the case of the actual steam-engine this is 
so wrong as to be nearly the reverse of the truth, and 
the misconception is hardly anywhere adequately guarded 
against, It is very doubtful whether the Carnot engine 
ought to be introduced into the elementary theory of the 
steam-'engine. An ordinary indicator-diagram can be 
taken, and the relation of the heat expended to the heat 
utilised determinecL From the feed measurement and 
indicator-diagram the steam liquefied at the end of 
admission ahd at exhaust can be ascertained. The heat 
expmidkure corresponding to work of admission, ex- 
pansion^ and expulsion can be calculated. From the 

I 



170 


NATURE 


l^une a I, lS88 


condenser measurement the heat abandoned can be 
foutid, and an estimate formed of the logs l>y radiation. 
Repeating the calculation for different degrees of ex- 
pansion, and perhaps for cases of a jacketed and un- 
jack^ted cylinder, really clear notions will be formed of 
the relative? importance of the processes going on in the 
engine. All this can be done in a perfectly elementary 
way, and the student will soon perceive that it is in the 
direct study of the losses of heat, and hot in attempts to. 
realize the conditions of a Carnot engine, that improve- 
ment is to be sought. * 

We fail to see the use of reviving the antiquated 
empirical treatment of Navier and de Pambour given in 
Chapter IV. De Pambour’s equations involve so many 
assumed quantities that they arc practically useless. The 
author might have remembered that contrary to de Pam- 
bour’s view the friction of an engine is not proportional 
to the load, but very nearly independent of it. 

Chapter V. deals with the mechanics of the engine. 
But the simplest graphic methods for finding curves of 
crank pin effort and acceleration are not given. The next 
chapter, on slide-valve diagrams, is one of the clearest and 
most useful in the book. 

In Chapter Xl. the very difficult question of cylinder con- 
densation is treated on the whole clearly and with insight. 
But the obscurities of this difficult part of the explanation 
of the steam-engine are, as might be expected, not quite 
removed. The author probably attaches much too great 
importance to radiation from the cylinder sides to the 
steam, and too little to conduction from the cylinder 
sides to the water lying on its surface. The following 
passage will certainly puzzle a student : — 

** The second cause — excess of condensation over rc- 
cvaporati'on — is a most fruitful source of waste, and should j 
be most carefully guarded against. It results in the 
continuous accumulation of water in the cylinder, and 
consequently causes an amount of waste which goes on 
increasing with each stroke.” 

Of course, if the accumulation is continuous the cylinder 
must get full, which is impossible. In steady working, 
initial condensation must exactly equal re-evaporation and 
water carried mechanically to the condenser. Priming 
and condensation during expansion may for the argument 
be neglected. What is prejudicial is not excess of con- 
densation over re-evaporation, but retention of water in 
the cylinder after exhaust. 

r//A' ANIMAL ALKALOIDS, 

On ihe Antmal Alkahuh^ ike PiomaiHes^ LeucomaineSy 
Afid Exivaettves tn thi^ir PtUhologtCiil R^leUions, By 
Sir William Aitken, Knt., M.D., F.R,S., Professor 
of Pathology in the Army Medical School. (London : 
H, K. Lewis, 1S87.) 

A Pfeoiise OH the Antmal Alkaloitlsy Cadaveric 
Vital j oVy The Ptomaines and Leueomaines chemU- 
alfyy pfysioloxiealfyy and Pathologically considered 
tn Relation to Scientific Medtcine. By A. M. Brown, 
M.D. With an Introduction by Prof. Armand Gautier, 
of Facultd de Mddecine of Paris, dec. (London: 

Tindall, and Cox, 1887,) 

'y HE advancement of modem chemistry has inawd 
* oitr Imowiedjie of the aUcatoids occmtiiig b the 
vegetable kingdom^bodiei which are of great hR|Kirt‘* 


ance both in a therapeutical and a toxicological aspect 
Since the year 1872, a new mode of natural origin of 
alkaloids has been discovered, viz. from animal sources, 
and the knowledge and investigation of these bodies 
have proved of great service in the study of both physio- 
logical and pathological chemical processes. 

PtomaVnes were first discovered in decomposing animal 
tissues, as their pseudonym of cadaveric alkaloids ” im- 
plies. Their presence in these dead tissues introduced a 
new factor in the post-mortem search for poisons in sus- 
pected cases — a factor, however, the importance of which 
has been somewhat exaggerated. A more important result 
of their discovery has been the explanation of the cases 
of poisoning by decayed animal fo^s, such as sausages, 
tinned and putrid meats, in which they have been found. 

Further researches have, moreover, brought to light 
the fact that similar bodies of an alkaloidal nature may be 
produced within, and by, the living organism. In this 
case they may be considered as of vital ” origin, the 
products, that is, of the metabolism of protoplasm ; or 
they may, in some cases, be the result of the decompo- 
sition of albuminoid bodies: in both cases, the term 
'Meucomafnes ” has been used to designate them. A 
leucoma\ne— peptotoxin — has, for example, been found 
by Briegcr as a product of artificial peptic digestion ; 
another has been discovered in the body of the sea-mussel 
i^Myillus edulis)y and to its presence were ascribed the 
symptoms of poisoning which occurred in Wilhelms- 
haven, in many people who had eaten the shelJ-fish. 
These facts, of the origin of poisonous alkaloids by the 
decomposition of albuminoid bodies, and also in the living 
animal tissues, open out a wide field of research in 
pathology, and have perhaps led to more speculation than 
our present knowledge warrants. 

The two books before us deal with the whole subject of 
poisonous alkaloids. Sir W. Aitken’s small work owes 
its origin to an introductory lecture delivered by him at 
the Army Medical School at Netley. It is chiefly a short 
risumi of the work done on the subject. The second 
part of the brochure will be found of interest to medical 
men, as it gives the direction in which modern thought 
is tending with regard to the pan played by poisonous 
alkaloids in the production of disease. The conclusions 
drawn can, in the present state of our knowledge, be con- 
sidered merely suggestions : many more facts must come 
to light before the rSle played by the vital ^ alkaloids 
in pathological processes can be adequately, or even 
reasonably, discussed. 

Dr. Brown’s work is of a more ambitious natwre, and 
purports to be a treatise on the subject of animal alka* 
loids generally. After commencing with a short hiwory 
of the subjecL the author proceeds to give an account of 
the methods for extraction of the alkaloids, and of the 
chemical and physiological properties of ptomaVoet j the 
“vital ” alkaloids, leucomalines, being treated in a similar 
manner. The account of the methods of extractioti 
might, we think, be made more practical by being con- 
sidered a little more fiiUy, as it is to this part of the ^ook 
that workers in this deld will turn for infbmiatiom 

Of ^ chemiad and physiological propertiea df Hwee 
aUtalosde, a ftiiiiy compl^ acootmt is given : onr know- 
ledge of these ptoiMt^es howoveg, up lo Utm {we^t 
^ eo imperfeet^dHa dm reeeavchee oaxkA m ite 
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last sixteen years only serve as a basis for future work. 

has yet to be doae regarding the physiological 
action of these bodies ; and no progress can be made in 
this respect until the alkaloids have been extracted in a 
pure state. It is almost useless^ in the interests of science, 
to speak of the action of alkaloids extracted by various 
reagents ; though, in certain cases of poisoning, the in., 
vestigation of such an action may be of immediate utility. 
Dr. Brown has devoted much space to the consideration 
of the part played by the vital alkaloids in physiological 
or pathological conditions. In his account he has closely 
followed the views of M. Gautier, whose researches have 
thrown great light on the subject. 

Dr. Brown's work may be recommended as giving a 
general account of the present state of our knowledge 
regardyig these alkaloids. S. H. C. M. 


PRACTICAL FORESTRY. 

Practical Forestry : its Bearing on the Improvement of 
EstaUs. By Charles E. Curtis, E.S.T., F.S.S., Pro- 
fessor of Forestry, Surveying, and General Estate 
Management at the College of Agriculture, &c. (Lon- 
don; Laud A genfs Record 1888.) 

T he present work is described as a reprint of a series 
of papers on ** Practical Forestry,” which appeared 
in the Land Agent's Record^ and tlve author’s ol>ject in 
republishing his ideas on practical forestry is to pro- 
mote and encourage the study of true forestry among the 
British land-owners and land agents, and especially to 
impress upon students the necessity of acquiring a sound 
practical knowledge of a branch of land economy so long 
neglected and ignored. So far so good ; but when the 
author aaya, 1 trust this publication will be the means of 
spreading this object more widely " (wr), we fear tlrat he 
will be grievously disappointed. 

To begin with .* the book is written in doubtful English, 
Though the correct uee of the English language is not 
absolutely essential, yet in order to be a really useful 
work, a book should be written in language which com- 
plies with the ordinary grammatical rules, and which is 
also inteUigibie to tbe class of readers expected to profit 
by its perusal. The whole book is conceived in a very 
narrow and the expressed views of the author 

w hw^rttHty open to question. Take for instance Uie 
Mowing passage (p. 40) 

** The great and trm principle of thirmiAg is to en- 
couei^ the groiwtb of those trees which aie and not 
to secun a financial presoRt neburn. This, thmigh im* 
portent, is ^ite a secoindajpy consideretien, and should 
at aH bhtm be ignored.** 

We beg to say that tbe gseat .and Uue principle of 
thmokg ie nothing of kind. l& every instance the 
Owner^ or his manager, must consider what the objects 
af Ms axe. They way be;— 

(I) To pvoduce material ef a oertaiD descripakm. 

(a) To produce the greateet poselide namher of ciAmc 
feet pmr acre and year. 

To «e^e the highest ^ssihle money mtom ikom 
the property. 

( 4 ) Ti *000*0 the highest fosi^ mtmet m the 


(5) To improve the landscape, or to affect the 
climate, &c. 

In each of these cases the method of thinning will 
be diflferent 

Again, the description given of a true forester (p. 12) is 
somewhat illusory. If the author thinks that a man who 
has studied botany, vegetable physiology, geology, entoino- 
logy, &c , is also able to wield the axe, and use with 
skill the pruning saw or knife, he is likely to be dis- 
appointed in nine cases out of ten. Such ideas are 
theoretical speculations, aiKl not tlie result of practical 
experience. 

The chapter on “ Soil and Site ” is of a very hary descrip- 
tion whenever the author attempts to rise above ordinary 
platitudes. He promises to describe clearly in future 
sections the nature of the soils and sites in whidi the 
individual trees most delight, but, as far as we can see, 
he has got over the difficulty by omitting to redeem his 
promise. 

To sum up, the book is not likely to further the object 
which the author seems to have at heart. Tbe ex- 
perienced forester will find nothing new in it, and the 
beginner will only meet with badly arranged statements 
which are frequently not in accorcUincc with the teaching 
of science or of practice, Sw. 

OC/R BOOK iillELF. 

Tropical Africa, By Henry Drummond. (London : 

Hodder and Stoughton, 1888.) 

Ttns is a brightly- written and most interesting sketch of 
Mr. Drummond's experiences during a recent journey in 
East Central Africa. He has no very surprising or 
exciting adventures to describe, but in the course of his 
narrative, which is written with a vigour and graoc 
unusual in books of travel, he contrives to convey a 
remarkably vivid impression of the country through 
which he passed. Going up the valley of the Shird 
Riw, he visited Lake Sbirwa, of which little has hitheito 
been known ; then he went on to Lake Nyassa, and to 
the plateau between Lake Nyassa and Lake Tanganyika. 
During the whole of his journey he was a close observer, 
not only of the physical features of the districts he 
visited, but of the various classes of phenomena which 
interested him as a geologist, an ethxi^rapher, and a 
student of natural history. In one admirable chapter he 
gives a full and striking account of the white ant, which 
he had frequent opportunities of studying ; in another he 
brings together many curious ilkistrations of the well- 
known fact that among numerous epecies of aiumals 
mimicry is one of the means of sclf-^tection. Before 
going to Africa, Mr. Drummond had mentafHy resolved 
not to be taken in by “mimetic frauds," yet he was 
“completely stultified and beaten” by the first mimetic 
form he met. This was m insect —oiw of the family of 
the Phasnddte—sx^ciJty Uke a wis^p of hay. Anofitier 
znaectf which he .often aaw, zese«d3ie« a birdk 

and the cow is thait lies iesu-leasiy 
expeied on the hare aMaaes, dumtg ^ hrighMist hours of 
the tfefaGaivdiiy,Aiinfee when ablest overyorther animtai 
is skumi^ out m aight.^ Mr. Druvaniond has of course 
much to sav AhsAit ^ chances of a great future for 
Africa, and In cooneetkm he tw**ents a good deal of 
valuaMe e* to the caj^city of the natives for 

work an4 as to 1$he wrongs indicted upon them by vHe 
gangs of 
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Plotting^ or Graphic Maihsmatics. By R» WormeU, 
D.Sc, M.A. (London : Waterlow and Sons, Limited. 
1889 .) 

This book is intended chiefly for those who have 
mastered the beginnings of algebra and Euclid, and so is 
very elementary. The method employed throughout is 
that of usibg squares, and preparatory exercises are first 
given to show tne student the different purposes to which 
they may be applied with facility. Proportion and the 
determination of areas are the subjeets of the first two 
chapters, followed by a chapter on the tracing of paths 
of projectiles, with various data. The sections of the 
■cone, such as the parabola, ellipse, and hyperbola, are 
next described, with various methods of tracing them. 
The book contains a great number of numerical examples, 
and concludes with a chapter on the higher graphs and 
curves of observation. 

The Elements of Logarithms. By W. Gallatly, M.A^ 
(London: F. Hodgson, 1888.) 

In this little book of thirty-one pages the various rules 
and methods of treating logarithms are stated and 
explained in a simple and precise way, and those 
beginning the subject would do well to read through 
these few pages. Numerous examples are put in here and 
there, and at the end the author has added a collection of 
questions taken from the Woolwich and Sandhurst 
examination papers for the years 1880-S7. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself reponsible fot opinions 
expressed by his correspondents. Neither can he under- 
take to retumt or to correspond with the writers of 
rejected manuscripts intended for this or any other pari 
of Nature. No notice is taken of anonymous communi- 
cations.] 

Thunderstorms and Lightning Accidents. 

As the season of thunderstorms and lightning accidents is 
now approaching, 1 hope you will kindly allow me to make 
known through your columns the fact that, in the interests of 
sciencCi the Institute of Medical Electricity is very desirous of 
obtaining authentic information concerning lightning acoidents, 
whether fatal or otherwise. I should therefore esteem it a 
favour if some of the many friends of humanity among your 
readers will lusist us to investigate these phenomena by sending 
me such particulars of accidents of this nature as they may have 
personal or trustworthy knowledge of as soon after they occur as 
possible. ' 

0( course, electrical and physiological details are what we 
most refiuire, but trustworthy general information i$ often valuable, 
and will be gratefully received. 

24 Regent Street, S. W. H. Newman Lawrence. 

Nose-Blackening as Preventive of Snow -Blindness. 

I ONLY read Prof, Ray Lankester's letter the other day on the 
above, which appeared in Nature of May 3 (p. 7). I have 
made inquiries among travellers in the snow regions of North 
America, and find the practice to be quite common and well 
known, but have met with no one who can explain it. I may 
say, however, that when I visited New Zealand in 1884 there 
were in one of the canoes which came off to our ship several 
na^ed natives, who had disfigured their faces by blackening their 
noses and eyes, and running a black fillet round the face, which 
gave them a villainous aspect ; and I, in that insolent ignorance 
which seems to prevail with all pious people who have dealings 
with *‘tbe heathen of the isles/* believed they hod got them- 
selves up in this way in order to frighten us. But it may well 
have been for other reasons. Certainly the sun’s heat> wfleoted 
from the still waters of the sea, was quite as painful as any I ever 
felt in the regions of the silver snow. 1 subsequently found that 
the black used by these people, who are of a pate complexion, 
was the mdtlt of manganese, called in their tongue hskdn. 

A»j- 

The BeUwmre^ Keweenaw Miobhraih U.&A., iJuaerj. 




The Lefhrus ciphahtes* 

Trie beetle which is described in your issue 7 6** 

134), by the British Consul at Vama, is probably the LetJ^ns 
ce/halotesp which has proved so destructive to vineyards in East 
and South-East Europe, It is a dub black beetle, easily 
recognisetl by the swollen truncated ends of the antennre Its 
length is about at mm. It lives chiefly in dry and sandy soil, 
and during dry weather the beetles leave their holes generally 
between nine and eleven in the morning and after three in the 
afternoon, to attack the tender parts of the .vine, as Mr. Brophy 
describes. 

Taschenberg is of the opinion that the buds, &c., of the vine 
which are dragged back to the holes of the beetles serve as food 
for the larvie. As the beetles show a marked aversion to water, 
it is possible that the pest might be lessened by copiously watering 
the infected areas. Arthur E, Shipley. 

Christ’s College, Cambridge, June 16. 


Proponed Fuel-testing Station for^Londoiu 

WiLi. you allow me to put before your readers the followmg 
proposition for the establishment of such a station, the desirability 
of which has been much impressed upon me within the last few 
ears ? So far as 1 know, there does not exist anything of the 
ind in this country where, as on the Continent, coals can be 
tested for their evaporative power, the gases of combustion 
analyzed, and all the results carefully reported on by experts. 1 
subjoin a few details of the proposed station, with probable cost. 
It should, I consider, be placed on a perfectly independent foot- 
ing, and managed by experts, under a small committee appointed 
by those who assist with money or otherwise. It might follow 
generally the lines of existing coal- testing statidns, but with all 
modern improvements. 

In this country it is remarkable that neither the sellers of coal 
take the trouble to find out how much heat they are offering, noi' 
the purchasers how much they are getting for their money, and 
this notwithstanding the hundreds ofmillions of tons of coal chang- 
ing hands yearly. Colliery-owners and coal -merchants, as well os 
the large consumers, know very little about coal calorimeters, 
alikougn the former sell so much heat, and the latter try to utilise 
it to the best advantage. How few of the latter we^h their coal 
regularly^ or keep any weekly record of the quantities of ashes 
and clinkers, to find out how much dirt and incombustible matter 
they are paying for I How few know what it costs them in fuel 
to evworate one thousand gallons of water iuto steam, wliich is 
one of the best standards of comparison in a given district ! 

Locality . — The station might be in close proximity to a river, 
canal, or railway-station, so that the coals could be delivered easily 
and cheaply, and the steam allowed to escape under pressure 
without causing annoyance. A Kinall piece of land doubtless 
could be obtained in such a situation at a low rent. The boiler- 
shed should be about 35 x 20 feet, with a small additional shed 
for storing the fuel. 

It would be desirable to allow at least for a 
start, to cover the cost of the boiler-shed, chimney, ao horse- 
power boiler (if such were considered large enough), and the 
special arrangements for measuring the f^-water with tanks, 
scales, feed-pump, injector, gas and coal analyzing apparatus, 
calorimeters, &c. Seeing that until the objects of the station 
become known it would probabty not pay expenses, the help of 
guarantors would no doubt be necessary. 

Yearly Expenses , — The charcO for testing and reporting upon 
each combustible would probably more than cover eventumly the 
salaries of a technical manager, his assistant, and the stoker. 
Some arrangement might possibly be made by which the manager 
and his assistant should only attend when required, at any rate at 
first, in order to diminish ppenses. 

The station would require to be advertised and made known in 
various ways. CoUiery-owoers would no doubt find it to th^ir 
advantage tohave their different kinds of coal tested and reported 
uponi so as to offer them to their customers with their oa^rtaiqed 
heatiqg value or evatporadve power. Large consumers of , coal 
(railvmy conkp^n^r wat«^works, end others) should 
heating value of the coal they are paying {pr, and B^e pereciKtige 

ofincomhttstibles, , , 

X add , a fey^ notes qn .the.i^eiaporaiy and permab^t 
menMheatf^tlonshaf9ere to^^^^ , / , - 

I iC^dn Fielder leei^oif 
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experiments before the year 1851 with difTerent coals suitable tor 
the Navy, These trials were conducted near London, under a 
small marine boiler at atmospheric pressure. 

(3) At the English Government aockyards, various interesting 
experiments have been made under small marine boilers, and the 
results published in Blue-books. 

(4) Messrs. Armstrong, Longridge, and Richardson published 
in 1858 an account of some valuable experiments they hod made 
with the steam-coals of the Hartley district of Northumberland, 
under a small marine boiler, for the Local Steam Colliery 
Association. 

(5) At Wigan many excellent experiments were made by 
Messrs. Richardson and Fletcher about 1S67, to test the value of 
Lancashire and Cheshire steam -coals for use in marine boilers. 
The water was evaporated under atmospheric pressure from a 
small marine boiler. This station was afterwards abolished. 

In none of the above do the gases of combustion appear to 
have been analyzed. 

(6) A fuel- testing station was worked at Dantzig in 1863. 

(7) An important station was o|^ned at Brieg, on the Oder, 
by the colliery-owners of Lower Silesia in April 1878, with the 
primary object of testing the value as fuel of the important coal- 
seams of that province. After working with the most satisfactory 
results for two years, and establishing the superiority of the Lower 
Silesian coal, the experiments terminated in 1880. The testing 
boilers had each 40 square metres of heating surface. Gases 
and coals were analyzed. 

JSxistift^ ContifUntcU Stations. — (8) The Imperial Naval 
Administration Coal- testing Station at Wilhelmshaven, Germany, 
was established in 1877. 

(9) Dr. Bunte*s coal -testing station, erected at Munich about 1878, 
particulars of which have been published in the Proceedings of the 
Institution of Civil Engineers, vol. Ixxiii. Here some hundreds 
of trials have been reported on and published ; much valuable 
work has been done, and many fuels tested, including coals of the 
Ruhr valley, Saar basin, Saxon and Bohemian coal-fields, and 
those of Silesia and Upi>er Bavaria. The boiler of the station has 
about 450 sejuare feet of heating surface. The gases and coals 
are analyzed, and all particulars carefully noted. It is one of 
the most complete stations I have seen. 

(10) In Belgium, near Brussels, there is a Government station 
for testing fuels, under the administration of the Belgium State 
railways ; locomotive boilers are used. The establishment has 
been at work for the Iasi two years, but no results are published, 
as they are considered the property of the Government. Private 
firms can, however, have their coals tested and reported upon. 

(11) The Imperial Marine Station, Dantzig. 

(ra) Boiler Insurance Company at Magdeliui^. 

Tlie above is a slight outline of the work already done in this 
direction. 

With the view of obtaining the opinions of those interested in 
starting a fuel- testing station, I ask you kindly to give this letter 
publicity. If the necessary sum can be raised, we may hope to 
nave before long a practical and useful establishment in London, 
and to gain from it many interesting practical results respecting 
the combustion of fuels. Bryan Donkin, Jun. 

Bermondsey, S.E., June ii. 


The Oeometnc Interpretation of Mongers Differential 
Equation to all Conica->tbe Sought Found. 

the qtiestion of the true geometric interpretation of the 
Mongtan equation has been often considered by mathematicians. 
In the first place, we have the late Dr, Boole's statement that 
'‘here oUr powers of geometrical interpretation fail, and results 
such as this can scarcely be otherwise useful than as a registry of 
integrable forma '' (**Diff, Equ.,” pp. 19*20). We have next 
two attempts to interpret the ^nation geometrically. The first 
of these propositions, by Lieut-Colonel Cunningham, is that 
“ the eccentricity of the osculating conic of a given conic is 
oomtant all round the latter ” {QmrU^ vol. xiv. 

aip) ; the second, by Prof. Sylvester, is that “ the differential 
equation of a conic b satisfira at the setUctic points of any 
ymm, vcd. ix. p. 19). I have elsewhere 

epnsidei^ both these interpretations in detail, and 1 have 
poliifte^ out that both of them are Irrelevant ; the first of them 
li, ill fhet. the geometric ipterpretatlon, not of the Mongian 
emrioh, bttt eT one of iti five first Integrals jwhich I have 
— " "ed (Proo, dLsiatic Soc, Bengalf ijBWf pp. 74 - 
h out tK mark aa failing to famish snob a 


property of the conic os would lead to a geometrical quantity 
which vanishes at every point of every conic (Journal Asiatic 
Soc. Bengal, 1887, Part 2, p. 143). In this note 1 will briefly 
mention the true geometric interpretation which Z have recently 
discovered. 

Consider the osculating conic at any point, P, of a given 
curve ; the centre, O, of riie conic is the centre of aberrancy at 
P, and as P travels along the given curve, the locus of O will 
be another curve, which we may conveniently call the aberrancy 
curve. Take rectangylar axes through any otigin ; let (x, y') be 
the given point P, and a, j8 the co-ordinates of the centre of 
aberrancy. Then it can be shown without much diffidulty that 

* « = - — 3 e:_., 

- S'"" 

/8 = j/ - yr) 
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whence 

where 
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dx 
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/» <bt r*, f, t being, as usual, the successive dilTerential coefficients 
of,v with respect to x. 

If d^ be the angle between two consecutive axes of abcrrancjy, 
ds the element of arc, and p the radius of curvature of the 
aberrancy curve, we have 

p = ^, = ,/a» + ./i8S 


ilx 


so that 


d^' 

whence 

p = (A’ + p»)» . 

lint il is easy to show that 

^ _ i'( 3 ?£_- S'"") 

dx ~ r> + Krp - 

= T . ( >•'' + (>•/ - 3 y°)»}* 
q{yii - S»^)* 

Now, T = o is Mongers differential equation to all conics, 
and when T = o we have p = o. Hence, clewly, the true 
geometric interpretation of the Mongian equation is : 

The radius of curvature of the aberrancy curve vanishes at 
every point of every conic. * 

This geometrical interpretation will be found to satisfy all the 
tests wnich every true geometrical interpretation ought to satisfy, 
and I believe that this is the interpretation which, during the 
last thirty years, has been sought for by mathematicians, ever 
since Dr. Boole wrote his now famous lines. 1 will not take 
up the valuable space of these columns with the details of calcu- 
lation ; they will be found fully set forth in two of my papers 
which will be read next month before the Asiatic Society of 
Bengal, and will in due course be published in the Journal. 

Calcutta, May 18. Asutosh Mukhopauhyay. 


PERSONAL IDENTIFICA TION AND 
DESCRIPTIONS 
I. 

F is strange that we should not have acquired more 
power of describing form and personal features 
than we actually possess. For my own part I have 

‘ Tho differential aquatiorn of all parabolas, 

iqs ~ O, 

is also cauly Interpreted, vis, calling the distance OP between the given 
point and the centre of abetrancy the radius of ahsrrancf^ end the 
feciprocal of this (« I) the index of aberrancy^ we have, easily, 

I s « — 

3t{r> + (rp - 

JO that Bkft intarprstailotn U that the index ef aberrancy vanishes ai every 

jp ven by Francis Galton. F R.S., at the Royal 
Institution On Friday evening, as, 1B8B. ^ 
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frequently chafed under the sense of inability to ver- 
bally explain hereditary resemblance* and types of 
ibatures, and to describe irregular outlines of many 
different kinds, which 1 will not now patticularire. At 
Inst I tried to relieve myself as far as might be from 
this embarrasment, and took considerable trouble, and 
made thany experiments. The net result is that while 
there appear to oe many ways of approximately effecting 
wtiat hi wanted, it is difficult as yet to select the best of 
them with enovtgh assurance to justify a plunge into a 
rather serious undertaking. According to the French 
proverb, the better has thus far proved an«eneniy to the 
passably good, so I cannot go much into detail at present, 
but will chiefly dwell on general principles. 

of licsembl(mut\ — We iccognize different 
degrees of likeness and unhkeness, though I am not 
aware that attempts have been as yet made to measure 
them. This can be done if we take for our unit the 
discernible difference. The application of this principle to 
irregular contours is particularly easy. Fig. J shows two 
such contours, A and If, which might be meteorological, 
geographical, or anything else. They are drawn with firm 
fines, but of different strengths for the sake of distinction. 
They contain the same area, and are so superimposed as to 
lie as fairly one over the other as may be, Now draw a 
br()ken contour which we will call C, equally subdividing 
the intervals between A and li ; then C will be more like 
A than B was. Again diaw a dotted contour, 1), equally 
subdividing the intervals between C and A ; the likeness of 
D to A w’ill be again closer. Continue to act on the same 



principle until a stage Is reached when the con tour last drawn 
is undistinguishable from A. Suppose it to l>e the fourth 
stage ; then as 2* ■« i6, there are i6 grades of least-discern- 
ible differences between A and B, If one of the contours 
differs greatly in a single or few respects from the other, 
reservatiem may be made of those peculiaritres Thus, if 
A has a deep notch in its lower right-hand border, we 
might either state that fact, and say that in other respects 
it differed from B by only i6 grades of unlikeness, or we 
might make no reservation, and continue subdividing 
until all trace of the notch was smoothed away. It is 
purely a matter of convenience which course should be 
adopted in any given case. "J'he measurement of resem- 
blance by units of least-discernible differences is applicable 
to shades, colours, sounds, tastes, and to sense-indications 
generally. There is no such thing as infinite unlikeness. 
A point as perceived by the sense of sight is not a 
mathematical point, but an object so small that its 
shape ceases to be discernible. Mathematically, it 
retpiires an infinitude of points to make a short line ; 
sensibly, it requires a finite and not a large number of 
what the vision leckons as points, to do so. If from thirty 
to forty points were dotted in a row across the disk of the 
moon, they would appear to the naked eyes of most 
persons as a continous line. 

Description •within Specified Limits , — It is impossible to 
verbally define ah irregular contour with such precision 
that a drawing made from the description shall be undis^ 
tinguishabte fh>Tn the original, but we may be cohtent with 
a lower achievement. Much would be gained if we tOuld 


refst to a standard collection of contour* drawn with 
double line*^ and say that the contour in question falls 
between the double lines of the contour catalogued as 
number so-and-so. This would at least tell us that none 
of the very many contours that fell outside the specided 
limits could be the one to which the description applied. 
It is an approximate and a negative ntethod of identifica- 
tion. Suppose the contour to be a profile, and for sim- 
plicity's sake let us suppose it to be only the portion of 
a profile that lies below the notch that separates the brow 
from the nose and above the parting between the lips, and 
such as is afforded b>^ a shadow sharply cast upon the wall 
by a single source of light, such as is excellently seen when 
a pcTson.stands side -ways between the electric lantern and 
the screen in a lecture-room. All human profiles of this 
kind, when they have been reduced to a uniform vertical 
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scale, fall within a small space. I have taken those given 
by Lavater, which are in many cases of extreme shapes, 
and have added others of English faces, and find that 
they all fall within the space shown in Fig. 2. The 
outer and inner limits of the space are of course not 
the profiles of any real faces, but the limits of many 
profiles, some of which are exceptional at one point and 
others at another. We can classify the great majority 
of profiles so that the whole of each class shall be in- 
cluded between the double borders of one, two, or some 
small number of standard portraits such as Fig. 3. I am 
as yet unprepared to say how near together the double 
borders of such standard portraits should be ; in other 
words, what is the smallest number of gravies of un- 
likeness tliat we can satisfactorily deal with. The process 
of sorting profiles into their proper classes and of gradually 
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building itp a well-selected standard coUeetton, U a 
laborious undertaking if attempted by any obvious way, 
but I believe it can be effected with comparative case on 
the basis of measurement*, as will be explained later on, 
and by an apparatus that will be described. 

Classification of Sets of Prisonoir* are now 

identified in France by the measures of their heads and 
limbs, the set of measures of each suspected pemon being 
compared with the sets that severally refer to each of many 
thousand^ of convicts. This idea, and the practical apfAt- 
cation of it, is due to M, Alphonse Bettillon. The actual 
method bf which this is done is not all that tx}uI4 be 
theoreticafly de^ired^ but It Is said to be effective lo action, 
and enahtes the authorities quickly to assure thetnaeTye* 
whether the suspected person is oris hot an oldtoalefiictor. 
The primary measures In the classification are four— 
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i^amely^the head length, head breadth, foot "length, and 
mUldia-^nger length of the left foot and hand respectively. 
Kacii cl theio 19 classified according as it is large, 
ni^um, or small. There are thus three, and only three, 
diviskms of bead lengths, each of which is subdivided into 
three divisions of head breadth ; again, each of these is 
further subdivided into three of foot length, and these 
again into three of middle-finger length ; thus the num- 
ber of primary classes is equal to three multiplied into 
itself four times — that is Co say, their number ts eighty- 
one, and a separate pigeon-hole is assigned to each. All 
the exact measures and other notes on each criminal are 
written on the same card, and this card is stored in its 
appropriate pigeon-hole. The contents of each pigeon- 
hole are themselves sub-sorted on the same principle of 
three-fold classification in respect to other measSures. 
This process can, of course, be extended indefinitely, but 
how far it admits of being carried on advantageously is 
another question. The fault of all hard-and-fast lines of 
classification, when variability is continuous, is the doubt 
where to find values that are near the limits between two 
adjacent classes. Let us take the case of stature, for 
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Fig. 4. 

illustration of what must occur in every case, represent- 
ing its distribution by what 1 have called a “ scheme,” as 
shown in Fig. 4. 

Here the statures of any large group of persons are 
represented by lines of proportionate length. The lines 
are arranged side by side at equal distances apart on a 
base, A B, of convenient length. A curve drawn through 
their tops gives the upper boundary of the scheme ; the 
lines themselves arc tnen wiped out, haying served their 
purpose. If the base a b be divided into three equal 
parts, and perpendiculars, c d, k F, be erected at the 
aivisions between them, reaching from the base up to the 
curve^ then the lengths of those perpcndiciiiars are pro- 
portionate to the limiting values between the small and 
the medium group, and the medium and the large group, 
respectively. The difference between these perpendiculars 
in the case of stature is about r% inches. In other 
words, the shortest and tallest men In the medium class 
differ O^y by that amount We have next to consider how 
mt^ oajrat reasonably toheallowed for error of measurc- 
mto. Considering tnat a man ditfers in height by a full 
diW Of anineh between the time of getting up Inthe morn- 
ing and ly\ttg down at bight ; considering also that 


measures are recorded to the nearest tenth of an inch 
at the closest, also the many uncertainties connected 
with the measurement of stature, it would be rash not to 
allow for a possible error of at least d: half an inch. 
Prolong c r>, and note the points upon it at the distance 
of half an inch above and below D ; draw horUontal lines 
from those points to meet the curve at (i. 2 y and from 
the points of intersection drop perpendiculars reaching 
the base at A similar figure is drawn at F. Then 

the ratio borne by the uncertain entries to the whole num- 
ber of entries is as CjCfl + Cie^ to ab. This, as seen by the 
diagram, is a ver/serious proportion. There is a dilemma 
which those who adopt hard and-fast lines of classifica- 
tion canncA avoid : either the fringe of uncertainty is 
dangerously wide, or else the delicacy with which 
measures are made is not turned to anything like its full 
account. If the delicacy is small, the fringe of uncer- 
tainty must be very wide j if the delicacy is great, the 
fringe will be narrow ; but then the other advantages of 
possessing delicate observations arc wasted through em- 
ploying only a few classes. The bodily measurements 
arc so dependent on one another that we cannot afford 
to neglect small distinctions. Thus long feet and long 
iTiiddfe-fingers usually go together. We therefore w.int 
to know whether the long feet in some particular person 
are accompanied by particularly long, or moderately long, 
or relatively short fingers, though the fingers may in the 
two last cases be long as compared with those of the 
general population, and will be treated as long in M, 
Hertillon^s system of classes. Certainly his eighty* one 
combinations are far from being equally probable. The 
more numerous the measures the greater would be their 
interdependence, and the more unequal would be the 
distribution of cases among the various possible combina- 
tions of large, small, and medium values. No attempt 
has yet been made to estimate the degree of their inter- 
dependence. I am therefore having the above measure- 
ments (with slight necessary variation) recorded at my 
anthropometric laboratory for the purpose of doing so. 
This laboraiory, I may add, is now open to public use 
under reasonable restrictions. It is entered from the 
Science Collections in the Western Galleries at South 
Kensington. 

Sfahanical Selector, — Keeling the advantage of possess- 
ing a method of classification that did not proceed upon 
hard-and-fast lines, I contrived an apparatus that is quite 
independent of them, and which 1 call a mechanical 
selector. Its object is to find which set out of a standard 
collection of many sets of measures, resembles any one 
given set witliin specified degrees of unlikeness. No one 
measure in any of the sets selected by the instrument can 
differ from the corresponding measure in the given set, by 
more than a specified value. The apparatus is very 
simple, it applies to sets of measures of every description, 
and ought to act on a large scale with great rapidity, and 
as well as it does on a small one, testing several hundred 
sets by each movement. It relieves the eye and brain 
from the intolerable strain of tediously comparing a set 
of many measures with each successive set of a larM 
series, in doing which a mental allowance has to be made 
for a plus or minus deviation of a specified amount in 
every entry. U is not my business to look after prisoners, 
and I do not fully know what need may really exist for new 
methods of quickly identifying sus]^cted persons. If 
there be any real need. I should think that this apparatus, 
which is contrived for other purposes, mignt, after 
obvious modifications, supply it. 

The apparatus consists of a large number of strips of 
card or metal, ^1, (Fig. 5), say S or 9 inches long, and 
having a common axis, A, passing through all their smaller 
ends. A tilting-frame, T, which turns on the same axis, has a 
front cross-bir, F, on which the tips of the larger ends of all 
the cards rest whenever the machmd is I<?t alone. In 
this condition a counterpoise at the other end of r suflfice* 
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,to overcome the weight of all the cards, and this heavy end 
of T lies on the base-board s. When the heavy end of T is 
lifted, as in Fig, S, its front-bar is of course depressed, and 
the cards being individually acted on by their own weights 
are^free to descend with the cross-bar unless they are othcr- 
wi^jprevcnted The lower edge of each card is variously 
notched to indicate the measures of the person it repre- 
sents. Only fbut notches are shown in the figure, but six 
could easily be employed in a card of eight or nine 
inches long* allowing compartments of i inch in length, to 
each of six different measures. The position of the notch 
in the compartment allotted to it, indicates the correspond- 


ing measure according to a suitable scale. When the 
notch is in the middle of a compartment,,) t means, ^at 
the measure is of mediocre ambunt ; when at one WVdi pf , 
it, the measure is of, some specified latge value or of an/ 
other value above that ; when at other e|ij4 the 
measure is of some specified small value or of a^y 
value below it. Intermedia^ , positions remesent inter- 
mediate valued according to the scalCr /Each, pf the, 
cards corresponds tp one of the sets of measpres in ^ 
the standard collection. The set of meswures of the 
given person are indicated by the .position^ of pafsHel J 
strings or wires, one for each measure, that are ^tretched . 
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Fio. 5 — Section of the apparatus, btit the bridge and rod are not shown, on^ the section of Wires. 



across bridges at either end of a long board set cross- 
ways to the cards. Their positions on the bridges are 
adjusted by the same scale as that by which the notches 
were cut in the cards. Figs. 6 a and 6 d are views of this 
portion of the apparatus, which acts as a key, and is of 
about 30 inches in effective length. The whole is shown 
in working position in Fig. 7. When the key is slid into 
its p^e. ar^ the heavy end of the tilting'^frame t is 
rai^i all the cards are free to descend so far as the 
tiltipg-frame is, conccmcd, but they arc checked by one 
or nuire of the wires from descending below a paittoular 
level, except those few, if any, whose notches txmespaiid 


throughout to the positions of the underlying wires. This 
is the case with the card c2, drawn with a dotted outline, 
but not with ri, which rests upon the third wire, counting 
from the axis. As the wires have to sustain the Weight Oi 
all or nearly all the cards, frequent narrow bridged must 
be interposed between the main bridges to sustain the 
wires from point to point. The cards should be divided into 
batches by partitions corresponding to these interposed 
bridges, else they may press sideways with enough metion 
to intenere with their free independent acdom Noi^er 
these interpo^ bridges nor the partitions are drawn in 
the figuie. The method of adjusting the wires showp ' 
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is t^itnply by Blidihg the rings to which they are attached 
at dt}£^ end, along the rod which passes through them. 
It is easy to arrange a more delicate method of effecting 
this if desired. Hitherto 1 have snipped out the notches 
in ibe ca^S with a cutter made on the same principle 
as that; used by railway guards in marking the tickets 
of travellers* The width of the notch is greater than 
the width Of the wire by an amount proportionate to the 
alloyanOe intended to be made for error of measurement, 
and ^Iso for that due to mechanical misRt. There is 
rootO for' 500 cards or metal strips to be arranged in 
sudiciently loose order within the width of 30 inches, 
and a key of that effective length would test all these by 
a single movement. It could also be applied in quick 
succession to any number of other collections of 500 
in each* 

Measurement of Profiles, sharp outline of a 

photograph in pro die admits of more easy and precise 
measuretnent than the yielding outline of the face 
itself. The measurable differences between the prohl^ 
of different persons are small, but they are muchmo^' 
numerous than might have been expected, and they are 
more independent of one another than those of the 
limbs. I suspect that measures of the profile may 
be nearly as trustworthy as those of the limbs for ap- 
proximate identification — that is, for excluding a very large 
proportion of persons from the possibility of being mis- 
taken for the one whose measurements are given. The 
measurement of a profile enables, us to use a me- 
chanical selector for finding those in a large standard 
collection to which they nearly corFeuK>nd. From the 
selection thus made the eye could easily make a further 
selection of those that suited best in other respects. A 
mechanical selector aho enables us to quickly build up 
a standard collection step by step, by.tctling: us whether 
or no each fresh set of mea,sures falls within the limits 
of any of those already co^ected, If ft .^dpes, we know 
that it is already provided for ; if not, a new card must be 
added to the collection. There willbe polear of duplica- 
tions, as every freshly-added, standard wiH’differ from all 
its predecessors by more than the epeeified range of 
permitted differences. After numeroti* 4 mls of different 
methods for comparing porti^its sueemivs^y by the eye, 
1 have found none so handy and generadly efficient as a 
double-image prism, which ! largely used fn my earlier 
attempts in making composite portrait ^ As regards the 
most convenient measurements to be applied to a profile 
for use with the selector, 1 am unable as yet to speak 
decidedly. If we are dealing merely with a black 
silhouette, such as the shadow cast on a wall by a small 
or brilliant light, the best line from which to measure 
seems to be b c in Fig. 8 ; namely, that which touches 
both the concavity of the notch between the brow and 
nose, and the convexity of the chin. I have taken a con- 
siderable number of measures from the line that touches 
the brow and chin, but am now inclined to prefer the 
former line. A sharp unit of measurement is given by 
the distance between the above line and another drawn 
parallel to it just touching the nose, as at N in the figure. 
A small uncertainty in the direction of b c has but a very 
trifling effect on this distance. By dividing the interval 
between these parallel lines into four parts, and drawing 
a line through the third of the divisions, parallel to b c, 
we obtain the two important points of reference, m and k. 
u U a pfiurricularly well-defined point, from which o is 
deteitnined by dropping a perpendicular from M upon b c. 
0 seetps the of all points from which to measure. It is 

cxceMentiy placed for defining the shape and position of the 
notch betv^n the nose and the upper lip, which is perhaps 
the most distinctive feature in the profile, o h can be deter- 
mined with some precision j o b and o c are but coarse 
nteasurements. In addition to these and other obvious 
meMureib ench as one w more to define the pro>ectioa of 
thelipS||twouldbe weU to measure tlto radius of the cirdeof 


curvature of the depression at b, also of that between the 
nose and the Up, for they are both very variable and very 
distinctive. So is the general slope of the base of the nose. 
The difficulty lies not in selecting a few measures that will 
go far towards negatively identifying a face, but in selecting 
5 ie best— namely, those that can be most precisely deter- 
mined, are m(»t independent of each other, most variable, 
and most expressive of the general form of the profile. 1 
have tried many different sets, and found all to be more or 
less effi::iCnt, but' hive not yet decided to my own satis- 
faction which to adopt. 

A closer definition of a profile or other curve, can be 
based upon the standard to which it is referred. Short 
cross-lines may be drawn at critical positions between 
the two outlines of the standard, and be, each divided 
into eight equal parts. The intersection of the cross- 
lines with the outer border would that 

with the inner border as 4 md jthb 
would count from 1 lb 7. At ibe are very 

of 

*« P'd 1 nt in any one Of them, with perhaps as much pre- 
cision as the naked eye could utilize. By employing as 
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many figures as there are cross-lines in the standard, each 
successive figure for each successive cross-line, a corre- 
sponding number of points in the profile would be accu- 
rately fixed. Suppose a total of nine figures to be given, 
together with a standard collection of under a thousand 
doubly outlined portraits, each with six cross-lines. The 
first three figures would specify the catalc^ue number of 
the portrait to be referred tO|*and the remaining six 
figures would determine with much accuracy, points 
in the outline of the portrait that it is desired to descrite. 

I have not succeeded in contriving an Instrument that 
shall directly compare a given pt^le with those |n a 
standard collection, and which shall at the same time act 
with anything like the simplicity of the above, and with 
the same quick decision in acceptance or rejection. 
Still, I recognize some waste of opportunity in not 
utilizing the power of varying the depths of the notches 
in the cards, independently of their longitudinal position. 

1 shall have next to speak' of other data that may 
serve for personal identification, and especially on the 
marks left by blackened finger-tips upon paper. 

( To be continued.) 


SOAP^Bl/BBLES, 

S OAP-BUBBLES fill the same happy position as do 
those charming books in which Lewis Carroll de- 
scribes the adventures of Alice, in that they serve equally 
to delight the young Und to attract the old. Cleric- 
MaxweU has omutioned the fru:t that on an Etruscan 
vase/ m the, Louvjre are seen the figures of children 
amusiug themselves with bubbles, while to-day the same 
subject 4 s being forced on the attention of the worid 
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by a strange development of modern enterprise. On 
the other hand» the bubble has occupied the minds 
of sdentiiic men of all limes. Sir Isaac Newton, Sir 
David Brewster, and Faraday, not to mention many 
others, devoted themselves to the soap-bubble as a means 
for invest^ating the subtleties of light. Plateau a few 
vears ago aelighted men of science with that wonderful 
book in which he, a blind man, expounded, in the clearest 
and most elegant manner, the result of years of labour on 
this one subject. Lately, Profs. I^inold and Rucker 
have employed the soap -film in investigations which 
tend to throw more light on the molecular constitution of 
bodies. These experiments will be remembered by all 
who saw them as being no less beautiful than instructive. 
The latest experiments with bubbles, which were shown 
by Mr. C, V. Boys to the Physical Society and at the 
Royal Society conversazione ^ and of which a full account 
is to be found in the May number of the Philosophical^ 
Magazine y depend upon no property which is not well 
knoVn,and, unlike those referred to above, are not intended 
to increase our scientific knowledge ; and yet no one would 
have ventured to predict that bubbles would submit to the 
treatment described in the paper, or would have expected 
such simple means to produce such beautiful results. 

The first property of the soap-film turned to account 
is that strange reluctance of two bubbles to touch one 
another. Just as a bubble may be danced on the sleeve 
of a serge coat, or even embraced, without wetting the 
sleeve or being broken, so can two bubbles be pressed 
together until they are materially deformed without 
really touching one another at all. C'ne bubble may be 
blown inside another, and if the heavy drops which 
accumulate at the bottom are removed, the inner one may 
be detached and rolled about within the outer one ; or the 
outer one, held by two moistened rings of wire (Fig. i), 


Fig. I. FJg. a, 

may be pulled out so as to squeeze the inner one into an 
oval form (Fig. 2), or may even be swimg round and 
round, and yet the inner one remains free and independent, 
and when the outer is broken it floats gently away. If 
the mner one is coloured with the fluorescent material 
uranine, it shines with a green light, while the outer one 
remains clear as at first, showing that there is no mixture 
and no contact 

When the inner bubble is blown with coal gas, it rests 
against the upper side of the outer one (Fig. 3), pulling it 
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more and more out of shape as its size increases (Fig, 4). 
It can even be made to tear the outer one off the ring to 
which it was attached, after which the two bubble^ ri«e in 
the air one inside the other. The outer bubble maybe 
held by a light ring of thin wire to which thread and paper 
are attached, and then when an inner bubble of coal gas is 
blown, it will carry up the outer bubble, ring, paper, and all ; 
and yet, in spite of this weight pressing them together, the 


inner bubble refuses to touch the outer one. K a UtU* 
is let into the outer of two bubbles, the inner one will 
remain suspended like Mahomet’s coi^ (Fi^. 5). 

Dififusion of gas through a soap-fllm is shown hy 
lowering a bell-jar of coal-gas over a bubble in which a 
second one is floating (Fig. H). By degrees the gas pene- 
trates the outer bubble, until the inner one, ins^ciently 
buoyed up, gently sinks down. 

The heavy and inflammable vap 6 )ix of ether is made 
use of to show the rapidity with which the vapour 
of a liquid which will mix with the soap solution 
will penetrate through the walls of a bubble. A large 
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inverted bell-jar has some ether poured into it, after which 
bubbles blown with air in the usual way may be dropped 
into the jar, when they will float upon the vaponr. They are 
then tal^n out and carried to a flame, when a blaxe of 
light shows that the inflammable vapour has penetrated 
through the film. A bubble blown at the end of a wide 
tube and lowered into the vapour hangs like a heavy 
drop when removed ; and if held in the beam of an electnc 
light the vapour is seen oozing through the film and falling 
away in a heavy stream, while a light applied to the 



Fig. 8 . 


mouth of the tube fires the issuing inflammable vapour, 
and a large flante like that of a ounsen burner is the 
result (Fig. 7 )* 

A variety of experiments are desaibed m which bubbiee 
are rolled along troughs made of soap-film — eitheretraight^ 
circular, or spiral— ^the prominent feature being that bubims 
will roirupon or within one another as if they weie made 
of india^ubber ; they will even, where apparently in contact^ 
take up the vibmtions of a tuning-fork, and this will not 
force them to touch. There is one influence^ howevjsr, 
which dtey cannot resist, and that Is electriflcatibit When 
two bubbles which are resting agaiitst one another (Fig. 8)7 
provided diet one k not within the otheTi are eKpoaed Ip 
the influence of an even feebly electriflea body, 
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fUintly coalesce and become oiie (Fig. 9), and so act as 
a ^Hcatc electroscope; When one bubble is within the 
otber, the outer one may be pulled out of shape by 
aiedifical action, and yet the inner one is perfectly screened 
from the electrical induence, thus showing in a striking 
manner that there i$ no electrical force within a conductor 
not even as near the surface as one side of a soap-film is 
near the other ; for though the force outside is so great 
that the bubble is deformed, yet the fact that the inner 
one remains separate shows that the force within is too 
small to be detected. One of the experiments described 
shows at the same time the difference between the 
behaviour of two bubbles, one blown inside a third, and 
the other brought to rest against the third from the out- 
side. Under these conditions, if electricity is produced 



in the neighbourhood, the two outer bubbles become one, 
and the inner one, unharmed, rolls down and rests at the 
bottom of the now enlarged outer bubble (Kig. 10). 

One experiment is described in which a cylindrical 
bubble is blown with oxygen gas between the poles of an 
electro-magnet. If the length is properly adjusted, the 
bubble brea'is into two directly the exciting current is 
turned on, though the force due to the magnetic nature 
of Oxygen is so feeble that not the slightest change of 
shape can be detected in a spherical bubble under the 
same conditions. 

For other experiments and for details, readers are 
referred to the original paper in the Philosophical 
the editor of which has kindly allowed us to 
reproduce the illustrations used in this article. 


THE PARIS OnsERVA TORY, 

'T'HE Annual Report of the Paris Observatory, which 
* has recently appeared, draws special attention to 
the two events which have rendered the past year 
memorable, not merely in the history of the Observatory, 
but in that of astronomical science as a whole. The first 
of these was, of course, the meeting at Paris of the Inter- 
national Congress for the execution of the photographic 
chart of the heavens, and Admiral Moucher gives the 
names of the members of the Congress, and the resolu- 
tions adopted by them. Of the Permanent Committee 
appointed by the Conmess, Admiral Mouchez is himself 
the President, and he has already issued the first number 
of the Bulletin de la Carte du Ciely future numbers of 
which will be brought out by the Committee as occasion 
may require. Twelve Observatories, including that of 
Paris, bad definitely pledged themselves to join in the 
scheme, and five or six more expected to be able to do so 
shortly, fo that there should be no difficulty in completing 
the clwt within three or four years. The International 
Exhibition to be held at Paris next year would furnish a 
^od opportunity for the reassembling of the Permanent 
Committeie in order that the final decisions relating to 
the Carrying out of thia great scheme might be formed 
The other great event was the publication of the first 
of the great Faria Catalogue, the revision of 
™ Cotaldguo of Lalande. This last work, which has 
already htM referred to in Nature (vol. xxxvii. p. 569), 
woa eomniehced in owing to many unfavourable 

has only been pushed forward vigormisly 


during the last ten years, and now is all but completed. 
As the stars which still require observation have become 
fewer and more scattered, it has been found no longer 
necessary to devote more than one instrument to the 
work ; the great meridian instrument has therefore been 
set apart for this work, and for the observation of minor 
planets and comparison stars, whilst the other meridian 
instruments have been left free for the careful study of 
the places of fundamental stars and for special researches. 
The ** garden " circle has accordingly been used for the 
observation of cirofempolars after M. Loiwy^s plan, and 
the Gambey mural circle by M. Perigaud for the re- 
de termination of the latitude of the Observatory. The 
value found for this latter by a series of consecutive 
observations of Polaris at upper and lower transit is 
48'" 50' t2''*o.but Admiral Mouchez considers that despite 
the care and skill of M. Perigaud this determination falls 
short of the desired accuracy on account of the uncer- 
tainty of the corrections for refraction. This is partly 
due to the observations having all been made during 
midsummer, but chiefly to the bad position of the 
Observatory at the extreme south of Pans, the observa- 
tions of Polaris therefore being made with the telescope 
pointed over the entire breadth of the city. It is hoped 
that the great Eiffel tower may render assiitance to the 
study of refraction by affording much information as to 
inversions of the usual law of the variation of temperature 
with the height. The above value for the latitude still 
remains to be corrected for flexure of the instrument, and 
M. I'erigaud is now undertaking tlie study of this error. 
The total number of meridian observations obuined 
during the year was 16,318, the highest monthly number 
having been secured in February, a most unusual circum- 
stance. The observations of sun, moon, and planets 
amounted to 545. 

The observations with the equatorials have been of the 
usual kind. M. Higourclan has made 400 measures of 
nebula with that of the West Tower ; and M. Obrecht, 
with the equatorial coudly has made 720 measures of 
lunar craters referred to different points of the limb, in 
order to secure a better determination of the form of our 
satellite. liut a yet more important work with this latter 
instrument has been the thorough examinarion of its 
theory by MM. Larwyand Puiseux, In view of the success 
of the Pans telesco})e, of the number of similar instru- 
ments now under construction, and of the still wider 
popularity which the same form will probably have in 
the future, this was a work much to be desired. 

The Jesuits, however, achieved in the field of astro- 
nomical photography are those in which, in view of the 
proposed chart, the greatest interest will be felt just 
now, and here the MM. Henry have further evidences 
of progress to present. Saturn and the moon have been 
photographed with a direct enlargement of 20 diameters. 
The phases of the lunar eclipse of August 3 have been 
recorded by the same means. With the smaller photo- 
graphic instrument, aperture 4 '3 inches, ne^tives 
have been obtained, one of which showed more than 
30,000 stars on the single plate. Several curious new 
nebulae have been discovered, one i* in length near 
f Orionis ; but the most remarkable have been those in 
the Pleiades. Two plates of this group, each with an 
exposure of four hours, have not only add^ much to our 
knowledge of the nebula: round Electra, Merope, Maia, 
and Alcyone, these no longer appearing as mere faint 
clouds, but as well-marked nebulosities of intricate and 
complicated forms, but two new nebulae are shown, both 
very narrow and straight, the longer one being some 40' 
in length and but T or 3'' in Wadth, ana threading 
together as it were no fewer than seven stars. The plate 
representing thie photc^raph of the Pleiades, which is 
attached to the Report, shows 2326 stars, and comprises 
stars of the 18th magnitude, instead of the 1421 stars 
contained in the earlier photograph. MM. Henry have 
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been likewise engaged in the study of the new instniment 
they have devised for the measurement of the stellar 
photographSi and in the preparation of tables of instru- 
mental corrections, and of corrections for the edect of 
refraction ; whilst M. Thiele has been inquiring into the 
degree of accuracy of which the measures are capable; 
with most * encouraging results, and Admiral Mouchez 
considers that the precision thus attainable will permit 
the carrying out under good conditions of the Catalogue 
of all the stars down to the nth magnitude as decided 
by the Congress.” It should be nored, however, that 
this interpretation of the resolution of the Congress 
has been challenged, and it has been ur/cd that the 
Catalogue to be formed was to contain simply as many 
suitably placed stars :is would be necessary as reference 
points for the great photographic chart, and that stars 
down to the nth magnitude might be used for this 
purpose. 

As to the publications of the Observatory, the first 
volume of the Catalogue, ch.-6h. of R.A,, is shortly to be 
followed by the second, 6h.-i2h., the first sheets of which 
were already in the printers’ hands. The volume of 
Observations for 1882 was published last August, that for 
1883 was passing through the press, whilst the reduction 
of apparent to mean places was completely finished for 
1884. The nineteenth volume of the Memoirs was in course 
of publication, and would contain, besides the works 
mentioned in the Report for 1S86, a memoir on the theory 
of the figure of the planets, by M. Callandreau, and 
another on an allied subject, by M. Hamy. Amongst the 
.works published by the individual members of the 
Observatory, the most important have been M. Lcewy’s 
new method for the determination of the constant of 
aberration, and a work by M. Wolf, on the pendulum. M. 
Leveau is still engaged in his work upon Vesta, and M. 
Bossert is preparing for the determination of a definitive 
orbit of the Pons-Brooks comet. Under the head of 

Materiel ” the progress of the new equatorial coudii of 
2 feet aperture and 60 feet focal length is refen-ed to. Its 
completion is expected during the present year, but the 
building for it has not yet been begun. 

The chief exception to the record of progress which 
Admiral Mouchez^s Report supplies is found in the short 
paragraph which records the closing of the astronomical 
school, on financial grounds. The necessity for this step 
is to be most deeply regretted. 


THE PHOTOGRAPHIC CHART OF THE 
HEAVENS. 


lately reprinted from the Nature, May 

* " to, p, 38) an article by the editors of that periodical 
on Dr. Gill's proposal that two million stars should be 
catalogued. The following is the reply of the editors, 
printed in the lune number of the Observatory^ to letters 
addressed to them on the subject by Admiral Mouchez 
and Mr. E. B. Knobel 


We print above letters from Admiral Mouchez and 
from Mr. Knobel, concerning the remarks we made last 
month on Dr. Gill’s proposition to catalogue 2,000,000 
stars. There is a somewhat personal implication in both 
letters, to which we must at once reply before proceeding 
to treat of the real question at isstie — a suggestion that 
we have been so emphatic in our disapproval of the 
scheme as to be discourteous to its supporters. We may 
perhaps venture to doubt whether either writer has done 
U8 the : honour to read our remarks card^Iy enough. 
Admiral Mouchez nous trouve bien s^v^re pour un 
projet aussi bien dtudie et venant dW savant aussi Imbile 
ct competent que le Dirccteur de robservat^re du CtmP 
We have not said' a single word in disparagement lof Aw 
skill and care with which Dr. < GtlPs paper . had iMn 
written r nre have vehemently ol^ected to .dhe question 


being raised at an ; and that we have Objected so vtibeH 
mently may be taken aS a full recognition of Dr. 
prominent position, which makes it a matter of necedsitjr 
to bring all our forces to bear against a scheme which me 
chooses to advance. Mr. Knobel is Mrhaps more unJml 
to us. We have not in an unqualified manner character- 
ized a catalogue of 2,000,000 Stars as ** an utter waste of 
time, labour, and money ” ; but we did use even stronger 
language about cataloguing stars “ for the purpose only of 
getting their places written down,” in oniCT to call 
attention to the redaciio ad absurdum of cataloguing 
towards which we very much fear there is some apparent 
tendency. And, finally, if we have been so emphatic as 
to be accused of exaggeration, let us again point out that 
a scheme, which we contend has not been assented to or 
even considered by the members of the Astrophotographic 
Conference, has been quietly launched, and is now so far 
under way that it is referred to by the President in the 
opening sentence of his letter as a matter already accepted 
by the Comitd permanent,” and as only remaining to be 
discussed in detail. Surely it is time for those who have 
the welfare of the scheme really sanctioned by the 
Conference to raise their voices loudly in protest! 

So much in explanation of the tone we have adopted in 
speaking of this proposal, and we now return to the 
letters. The main point of both is that this scheme of a 
catalogue of 2,000,000 stars has not been originated by 
Dr. Gill, but was really considered and approved by the 
Conference. As we have stated above, we hold the 
opposite opinion, — that although two resolutions of the 
Conference do mention a catalogue, this term cannot be 
supposed to sanction a catalogue of 2,000,000 stars with- 
out further specification. The Conference met to discuss 
the advisability of making a chart. With the invitations 
sent out to the various astronomers to attend this Confer- 
ence there was sent a “ prommme provisoire ” (which, it 
is to be very much regretted, was not that considered by 
the Congress). This first “programme provisoire'' was 
dropped, and at the first skt^nce of the Congress another 
was produced. In the first, in article 19 «i ceUalogm of 
reference stars was mentioned, and property so, but in the 
second there was no mention of any such catalogue. 
Mention was made in section 4 of a means of publishing 
the chart and the form of publication, but up to this 
time there was absolutely no question before the Confer- 
ence of publication of a catalo^e either of 2,ooaooo 
or any other number of Stars. There was no doubt a 
feeling amongst some astronomers present that a catalogue 
would be as useful, in their judgment, as the chart; and 
they took the opportunity of putting forward their views 
when the question of a second series of plates was brought 
forward. The taking of this abcond series of plates was 
proposed to meet an anticipated diffieultyin photographing 
parts of the heavens where the stars differed greatly in 
magnitude. It was decided (Resolution 17) that a seerdd 
series of plates should be taken, in order to insure the 
greatest precision in the micrometrical measurement of 
the stars of reference, and to render possible the con- 
struction of a catalogue. Here we have the first mention 
of a catalogue in the reBOhitions noted. A reference to 
the minutes of the Congress will show that this resolution 
was a compromise, for there had already been before tte 
Congress a direct proposition (that of M. TaCfibini) for a 
catalogue, which, however, was not voted upon, the 
resolution was in fact an ^mdeavouf to settle a question 
that was before the Congress, viz. Aether the plkfes 
should he sotaken as to be capable of accurttte tbeasurti- 
meni ; and diia is decided by the fmeclfitatibn thai fbOy 
shall render possible the construction of a 
The next tvAn resohitlons Speak Of the second ieries ^ 
pilots MS dtjdtmfs d 4t ooHstt^idim dk 
afoere Is any direct reSohiUeti to be femw ai to He 
eoMViictionof.a^i^iafogaOorhUth^^ • . 

II these resolutfons need h^tetpretatfest 
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consideration at allj we may suggest a very 
afferent dlre<^Ti in which wy might be modi Bed in actual 
^t| and in which thejr sprit would yet be even better 
^rasahted than by a literalTul 61 ment. It was pointed 
but that in talcing the photographic plates of stars down 
to the 14th magnitude m prts of the sky where brighter 
stars existedi these witli the exposure necessary to obtain 
the 14th magnitude would be very much over-exposed» 
And it was suggested that it would be advisable to take a 
second series of plates, as already mentioned (see Resolu- 
tion 17). Now in some parts of the sky no second series 
of plates are, from this point of view, at all necessary ; 
whilst in others not one or two, but many series of plates 
would be necessary in order to do justice to the various 
magnitudes in that particular part of the sky. For the 
present this is not the point at issue, but it may serve as an 
illustration of the sort of interpretation of the resolutions 
which we should consider legitimate. 

In order to come to a proper judgment on the legiti- 
macy of the derivation of Dr. Gill’s proposal from the 
resolutions it is necessary to make some statements, which 
are not new, but of which the true significance docs not 
seem to have been universally appreciated :—(i) When 
the plates are obtained they are actual representations of 
the stars asexistingata given time, and for every purpose 
except spectrum analysis are as good, if not better, than 
the visible heavens. If with these plates we have the 
absolute places of a certain small number of known stars, 
we have then all the data to make them valuable, either 
in the present or in the future. (2) The many questions 
concerning the stars which it is hoped a photographic 
chart of the heavens would do a great deal towards 
settling, such as their distribution, their proper motions, 
their changes of magnitude, and the presence of minor 
lanets, of new stars and the like, can all be best treated 
y a direct comparison of plate with plate, in any of the 
various ways in which this can be done. (3) In order to 
obtain the best results from such an agent as photography 
it is necessary to use it in its own proper way ; and 
astronomers must recollect that old methods of procedure 
adapted to other instrumental means may most probably 
be out of place. We might considerably enlarge on these 
statements, but for our present purpose it is sufficient to 
call attention to them. 

Now, if Dr. Gill's catalogue were successfully con- 
structed — and there are, alas ! many difficulties in the 
way— its utility in the direction of comparison of our sky 
with that of the future is wholly limited by one condition, 
that in the future another exactly similar catalogue be 
constructed, occupying a similar time. Even then, if any 
changes were found by means of this comparison of 
catalogues which might very well be made in the course 
of fifty or one hundred years, the natural and indeed the 
proper thing to do would he to immediately compare the 
priginal plates. But can it be possible that any man or 
number of men.really think of dealing with such a subject 
in such a way ? If, on the other hand, the object of a 
catalo^e, be merely to ailpw of comets, minor planets, 
and other bodies being located, surely it would be better 
to measpee; the plates as occasion arises, and not to cata- 
logue a, 000,000 stars, on the off-chance of having some 
(twenty, or thirty positions to settle in the course of a year. 
An4, further, suen a catalogue would have this enormous 
^fadv^m^aire, whilst in some parts of the sky stars 
of the luh rpagnitude be fairly well spread, in 

the;. Milky Way, we should. M stages clustered in such 
that it; woiilfi be an extremely difficult 
thlD|4o identify them- speaking roundly, 

m«^td , say that « Such a catalog were made, two- 
mhdsjpf tho arttursjcataiogued would he in tho Milky Way. 
Ih to the opmion we have expresaco, it is 

a, very laige oatalogtie^ surely it would be 
better to detenniim ttte {||aq»s ^ a certain number of stars, 
as &uiuiavaiiable, in ewh square 


degree, and make these the reference stars from which 
the positions of the other stars on the plate could be 
obtained. 

We are therefore of opinion that, supposing limitless 
time and money available for such a purpose, the advant- 
ages of constructing this catalogue would be doubtful ; 
but even if we waived all these objections and agreed that 
such a catalogue would be a “ nice thing to have,” or 
admitted that since men of the ability and reputation of 
Admiral Mouchez ^d Dr. Gill consider such a catalogue 
necessary it is hegisy to inquire the why and wherefore, 
there would ^ill be left the serious objection that to form a 
chart of the neavens is the first thing to do, and, take it 
in as simple a form as possible, it will quite possibly tax 
the energies of astronomers to their utmost ; and that 
stellar photography being as yet in its infancy it is suicidal 
to attempt anything which will commit us to a course of 
action extending over more than a very few years. We 
could not give a better illustration of the dangers of the 
opposite procedure than has been supplied by Admiral 
Mouchez himself. In a recent article he has suggested 
that there have lately been such improvements in the 
sensitiveness of plates that we could now go to the isth 
magnitude instead of the 14th. With a little ingenuity 
and less arithmetic it could easily be shown that the 
whole plan of operations would have become hopelessly 
futile and obsolete before half the time allowed by Dr, 
Gill for its completion had elapsed. 

But not for one moment do we wish to appear lacking 
in sympathy with those who have spent and arc spending 
so much time and thought on this subject ; it is our great 
anxiety for the success of the work in which they are co- 
operating which makes us eager to protest as far as wc 
can against the grand mistake of attempting too much. 


THE INCURVATURE OF THE WINDS IN 
TROPICAL CYCLONES. 

T he question of the incurvature of the winds in tropical 
cyclones is one of such importance to mariner^ to 
enable them to judge their position in a storm, and to 
escape the hurricane around the central calm, that no 
apology is needed for adding my independent testimony 
to that of Prof. Loomis, whose conclusions, given at length 
in his recent well-known memoir, “ Contributions to 
Meteorology,” are quoted in Mr. Douglas Archibald's 
paper on M. Faye's work “Sur les Tempfites” in last 
week's Nature (p. 149). 

In the preparation of a forthcoming work on the weattiqr 
and climates of India and the storms of Indian sea$, 1 haye 
lately had occasion to re-in vestigate the abovt question 
in the case of cyclones in the Bay of Bengal, on the 
evidente afforded by the numerous original memoirs and 
reports prepared by Messrs. Willson, Eliot, Pedler, and 
other officers of the Indian and Bengal Meteorological 
Departments ; my object being the practical one of de- 
termining directly the bearing of the storm-centre from a 
ship's position ; and instead, therefore, of measuring the 
angle between the wind direction and the nearest Isobar, 
as was done by Prof. Loomis, I have measured with a 
protractor the angle included between the former and 
Its radius vector, in all cases in which the position 
of the storm's centre has been ascertained cm sufficient 
evidence. In one other important condition 1 have also 
departed from the method pursued by Prof. Loomis. 1 
have restricted the measurements to wind observations of 
ships at sea, .within- the influence of the storm, an<i to 
those of go(id observatories on the coast, subject to Hike 
same proviso; ; and have taken no account of those 6f 
inlaad obsetyatoriea. This difference of pmedure 
probaygr the reason tbnt the amount of the incurvatuite 
shown by ^setneasuretneints is somewhat different^ff^ 
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that obtained by Prof. Loomis, though the general fact of 
a gieat incurvature is thoroughly confirmed. My results 
arc as follow ; — 

(1) The mean of 1 33 observations between lats. 15° and 
22% within 500 miles of the storm-centre, gives the angle 
122“ betwe^ the wind direction and its radius vector. 

(2) Tlic mean of I3 observations between the same 
latitudes, within 50 miles of the storm-centre, gives the 
angle 123“, 

<3) The mean of 6S observations ^etween N. lats. S'* 
and 1 5^ within 500 miles of the stonn-centre, gives the 
angle 1 2<f. , 

The observations within 50 miles of the storm-centre 
in the south of the Hay are too few to afford any trustworthy 
mult. 

For seamen^s guidance, the following practical rules 
may be formulated 

(1) In the north of the Bay of Bengal, standing with 
the back to the wind, the centre of the cyclone bears 
about five points on the left hand, or three points before 
the beam. 

(2) In the south of the Bay, it bears about four points 
on tlie left hand, or four points before the beam. 

(3) These rules hold good for all positions wit kin the 
influence of the siorM^ up to 500 miles from the storm- 
centre. On the north and west the influence of the storm 
rarely extends to anything like this distance, but it does 
to the east and south. 

Since much of this evidence, afforded by the Bay of 
Bengal cyclones, has been before the public for many 
‘years, it is incomprehensible to me how a man of 
M, Faye’s scientific eminence can still assert that in the 
tropics ** the wind arrows display an almost rigorous 
circularity.*’ If, as may possibly be the case, he relies on 
the evidence of Mr. Pjddington’s memoirs, ignoring all 
subsequent work, it is only necessary to examine those 
memoirs to find that his data do not bear out that author’s 
conclusions. In the charts which accompany Mr. Pid- 
dington’s later memoirs, the wind obsen-’ations arc, as a 
rule, not shown, but only the ships’ courses, and the 
author's interpretation of the positions and tracks of the 
storms. But the evidence is always fully given in the 
text, and it will be found that when the wind arrows are 
plotted therefrom, and are sufliciently numerous to allow 
of the position of the storm’s centre being determined, 
whi.:h is far from being generally the case, they are re- 
concilable only with spiral courses, having a considerable 
incurvature. 

I do not propose now to enter on a formal criticism of 
Mr. Piddington's work, the great merit of which, as that 
of a pioneer in the field of storm-science, no one more 
fully recognises than myself ; but so much seems necessary 
in explanation of the apparent glaring discrepancy between 
bi-i results and those of modem workers in the same field. 

The evidence of the cyclones of the Bay of Bengal, 
those tropical cyclones to which M. Faye appeals as 
authoritative on the validity of his views, is, then, conclu- 
sive againrt him. There is a strong influx of the lower 
atmospheric strata into a tropical cyclone, proving, in the 
most unquestionable manner, the existence of an ascend- 
ing current over the vortex This fact is quite indepen- 
dent of any views that may be entertained as to any theory 
of cyclone origin and movement of translation, but any 
such theory must harmonize with the fact, and hence 
1 conceive that it is fatal to M. Faye’s views. With 
these, in so far as they are theoretical merely, I 
have no present concern, but it is obviously a matter of 
high importance to seamen that they should not be misled 
as to the facts of the wind's movement in cyclones, and it 
is because the promulgation of such views as M, F^*s 
tends to perpetuate an old and now exploded error of met, 
that I have to put in my protest against them. 

Henrv F. BlAwpord. 

Folkestone, June rj. 


NOr£S. 

It sliould have been stated in our paragraph last week relative 
to the opening of the Laboratory of the Marine Biological 
Association at Plymouth that the Presid^t, Prof, Huxley, who 
has given unremitting care to (he aflSairs of the Association during 
the last three years, would be present if He were not pre- 
vented from taking part in any public proceedings by the state 
of hi-i health. In the absence of the President, one of the Vice- 
Presidents of the Association, Prof. Flower, will preside. The 
Honorary Secretary, Prof. Ray Lankester, who founded the 
Association, and has conducted its aflnirs to the present issue, 
will also be present. 

Mr. J. J. H. Tkaui., who now holds a foremost place among 
the petrographers of this country, has just been appointetl to the 
Geological Survey. understand that he will be specially 

charged with the study of the crystalline schists and the problems 
of regional metamorphism, and that he will be closely a.ssociated 
with the field officers who are mapping these rocks in different 
parts of Scotland. The Survey is to be heartily congratulated 
on this appointment. The stall is now remarkably strong, but 
the problems with which it is confronted are among the most 
difficult in geology. These problems have never been attacked 
by srich a united force of field geologists and micrO'^copLts, who, 
Working together with one common aim, will no doubt raise still 
higher the scientific reputation of the Survey,' increase our know- 
ledge of the history of the most ancient rocks, and throw light on 
some of the most puzzling (jueslions in geological science. 

The electors to the Mastersliip of Downing College, Cam- 
bridge, have, by a unanimous vote, chosen Dr. Alexander Hill, 
Fellow of the College, to succeed Prof. Birkbeck. I>r, Hill’s 
claim to the appointment sprang from his success as a teacher 
and worker in biology. No appointment to a Headship has 
been made on this ground alone since the revival of natural 
science at the Universities, 

On the 4lh inU. , l)r. Maxwell T. M.isters was elected a cor- 
responding member of the Institule of France, in ihe liotankal 
Section, in place of the late Prof, Awi Gray. Besides Dr. 
Masters, the following names appeared on the list of presenta- 
tion ; M. Ti eub, of Batavia j Mr. Triana, of Paris ; M. Wann- 
ing, of Lund ; M. Wieiiener, of Vienna. Dr. Masters obtained 
39 votes ; M. Triana, 5 ; M, Trenb, i. 

The Sorbonne, consulted as to the proposed creation 'of a 
Chair for the leaching of Darwinian theories, has not expressed 
disapproval of the scheme suggested by the Municipal CouncU 
of Paris. It has appointed a committee to report on the 
matter ; and it is expected that no serious opposition will be 
offered to the propoieU 

We are g!a<.l to leam that a pension of ^£'50 has been granted 
to Mrs. Balfour Stewart from the Civil List. 

On May 25, a complimentary dinner was given at the 
Queen’s Hotel, Manchester, to Prof, Schorlemmer, of the 
Owens College, by his former pupils, to celebrate the occaaion 
of the conferring of LL.D. upon him by the Senate of the 
Glasgow University, and to offer their congratulations. In the 
absence of .Sir Henry Roscoe, who had l>een expected to take 
the chair, Mr. R. S, Dale, one of Prof. Schorlemmer’s 
eldest pupils and friends, presided. Numerous congratulatory 
telegrams and letters were received by Dr. Schorlemmer, and 
early in the evening a letter was read from Sir Henry Roscoe, 
expressing regret that he could not be present, and testifyiag to 
his high appreciation of the ability of his old friend and colieague. 
Among those from whom congratulatory telegrams Were receiirad 
wore Dr. Pauli, Director of the firm of Meister, Lttdas, shd 
BrUning, in Hoechst ; Prof. Bemtbsen> of the Badiwdhe 
AnlTin nttd Sodafabrik, in LudWigsbafeti ] tiad Prof. KMiatin 
Kopp, of Heidelberg, the historian of chemistry, who spoke 
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of Fro& Schorlemmer's position as one of the principal 
piotieerfi of the science of organic chemistry and one of its fore- 
most exponents, both os a teacher and a writer. Prof. Thorpe, 
F.K.S.i proposed the health, long life, and prosperity of l)r. 
ScHorlemmer, and referred to the fact that Glasgow, which bad 
conferred honour on biro, had pro<l uced such men as black and 
Thomson, names familiar to all chemists, 

Dr, Asa Gray left Harvard College in trust, to aid in tlic 
support of the Gray Herbarium of Harvard University, the 
copyrights of all bU books, upon condition that proper provision 
should be made for the renewal and extension of these copy- 
rights by new editions, continuations, and supplements, such as 
might be needed in the study of botany, and as might best 
enhance and prolong the pecuniary value of the bequest. 

Prof. Lover i no has resigned the Chair of Mathematics and 
Natural Philosophy which be has held at Harvard for fifty years. 
In accepting his resignation, which takes effect in the autumn, the 
President and Fellows of the College have expressed warm 
appreciation of his services. Prof. Love ring has been President 
of the American Association, and still presides over the American 
Academy. 

Prof, McNab, Swiney I^ecturer on Geology in connection 
with the British Mmeuro, will begin a course of twelve lectures 
on the fossil plants of the Palxo/oic epoch on Mtroday next, at 
the Natural History Museum, Cromwell Rood. 

Last night the amversazioue of the Society of Arts took place 
at the South Kensington Museum. 

A coHvirsaziotu will be given by the Royal College of Sur- 
geons, at the College, on Wednesday, June 27 ; and by the 
Royal Geographical Society, at Willis’s Rooms, on Friday, 
June 29. 

AH Internal iooal Horticultural Exhibition is to be held at 
Cologne Croin August 4 to September 19. 

We have reccivcrl from Messrs. West, Newman, and Co., 
samples of two kinds of botanical drying pajjer. One of the 
kinds differs but little from that which they have supplied for 
many years, which^ was originally manufactured, purposely for 
drying plants, by a paper-maker of the name of J3cntall, who 
lived at Halstea^l in Essex, and contributed, a generation ago, to 
the distributions of the Loudon Botanical Society, This paper 
has been largely used for the last thirty years, and combines in a 
very satisfactory iranner the merits of a high degree of absorb- 
ence with a reasonable toughness. No doubt, for drying plants, 
itb the best paper that can be got, but yet, excepting f gra‘ses, 
Cyperocese, and mosses, one or more chonges are required in the 
first few days to make satisfactory specimens in a climate like 
that of England. T he new paper is quite without glare, and 
seems a little more absorbent than the old " Bentall.’’ The 
other kind is copied from an American model, a paper not made 
expressly for botanical use, sent to England by the late Dr. Asa 
Gray. It b (wice as (hick as the “ Bentall," much more rigid, 
and very absorbent ; a serviceable paper to mix with the lighter 
kind for home use, but too heavy to carry about in large 
quantities. 

According to La AW«rr, an immense terrestrial globe, con- 
structed on the scale of one* millionth, will be shown at the Baris 
Exhibition of 1889. A place will be set apart for it at the centre 
of ibe Champ dc Mars, The globe will measure nearly 13 
metres in diameter, and will give some idea of real dimensions, 
since Uie conception of the meaning of a mUlion U not beyond 
powers of ^e human mind. Visitors to the Exhibition will 
see for the htat time on this globe the place really occupied by 
<ierta^ known i^iaoeft, such as those of great towns. Paris, for 
instance, Sifim barely cover a square centimetre. The globe wUl 


183 


turn on its axis, and thus represent the movement of rota- 
tion of the earth. The scheme was originated by MM. T. 
Villard and C. Cotord, and La Nature says that it has been 
placed under the patronage of several eminent French men of 
science. 

We have received a sample of tobacco grown by Messrs, 
James Carter and Co., at a farm in Kent, and cured by Messrs, 
Cope Brothers and Co. It represents one of the first experi- 
mental crops brought to maturity, and passed through the various 
processes of manufi^ture, in this country, since the time of 
Charles 11. 'fhe packet is accompanied by a card, on which 
we find the somewhat discouraging counsel : ** Examine 

leisurely— use warily — smoke sparingly." Mr. Goschen was 
.i<.ketl the other evening in the House of Commons whether he 
would cause an inquiry by experts into the results attending the 
experiment made by Messrs. Cope, with the view, if possible, of 
relaxing the fiscal restrictions upon the culture of tobacco in 
Great Britain. The Chancellor of the Exchequer cautiously 
replied that " only experience would show the value to smokers 
of this tobacco, and no inquiry l)y experts would be so valuable 
.as that practical test. If any hon. member wished to try it, 
samples would be placed in the sni(>king-room. It was impos- 
sible to give any forni of relaxation in the fiscal regulations 
which would injure the revenue." 

According to the Kavkaz newspaper, a shock of earthquake 
was felt at Julfa, in the Armenian province of Erivan, on May 
15, about nudday. The first shock was followed by a stronger 
one, which lasted for about three seconds, and seemed to have a 
direction from east to west. 

The Council of the Italian Meteorological Society held its 
first annual meeting at Turin on Sunday, April 15, under the 
presidency of Padre Denzn. It was decided to hold the ihinl 
genera! assembly of the Society at Venice, in September next, 
just before or after the Congress of the Alpine Club at Bologna. 
The establishment by the ^Society of a new Observatory in the 
Argentine RcpuVdic was notified, and also of four new meteoro- 
logical stations in Italy. The arrangements being made with 
respect to the hygienic stations at five large cities were explained, 
as well as the proposed method of publication of the observa- 
tions. The President subiniltetl the Report of the Geodynaraic 
Committee, nominated at the meeting at Aquila (Nature, 
vol. xxxvi. p. 614), with reference to aeismological observations 
and the protection t)f building*-. The Report, which it. printed 
in the monthly Bulletin of the Italian Meteorological Society for 
May, consists of nine articles, and will be distributed to the 
Prefects and Mayors of districts liable to earthquake- shocks. 

The Hydrographer of the Adnoiraity has issued notices of the 
recent establishment of the following storm-signak (i) By 
the Japanese Government, at forty- seven stations on the coasts 
of Japan. A red ball, or one red light, to indicate that strong 
winds are probable from any direction. A red cone, or three 
red lights in the shape of a triangle, to indicate that strong wkid« 
are probable, at first from the northward or southward, according 
as the apex is upwards or downwards. (2) By the haibour 
authorities at Chittagong, relative to the signals at that port. 
A ball, or three lights placed vertically, to indicate that a 
severe cyclone is near Akyab, and will probably advance 
towards Chittagong. A drum, or two lights placed vertically, 
to indicate the early approach of a severe cyclone, with ita 
attendant storm- wave. We take this opportunity of suggest- 
ing the desirability of Introducing more uniformity in these 
signals in different countries, wherever practicable. 

The atomic weight of the element osmium has been re-deter- 
mined by Prof, Seubeit, The necessity for this re-detcrminatlon 
has been felt ever aince the principle of periodicUy began to take 




184 


NATURE 


[^uM at, 1888 


finn root in the minds of chemists ; and the more recent values 
arrived at for the atomic weights of iridium, platinum, and gold 
have tended to render this necessity even more imperative. The 
natural sequence, according to their chemical and physical pro- 
perties, of the metals of the platinum group is generally accepted 
os — osmium, iridium, platinum, gold. Now the atomic weight 
of iridium al 'determined in 1878 by Seubert is 192*5, that of 
platinum as Axed by the same chemist in x88i is 194*3, &nd that 
of gold as estimate last year by Thorpe and Laurie, and by 
Kriiss, is 196*7, while the recognized atoH^c weight of osmium 
as given by Berzelius in 1S28 is so high as ^ *6. Obviously, if 
the grand conception of Newlands, Mendel ejeif, and Lothar 
Meyer is correct, the atomic value of osmium required- most 
careful revision. Such an undertaking, however, is endowed 
with peculiar interest owing to the dangerous nature of work 
with the osmium compounds, and many chemists who have been 
interested in this subject have been deterred by the knowledge 
that accidental contact with the fum es of the tetroxide, which 
are so frequently evolved by the spontaneous decomposition of 
many osmium compounds, might deprive them of the use of their 
eyes for ever. Prof. Seubert has happily succeeded without acci- 
dent in establishing the validity of our ** natural classihcation " by 
means of the analysis of the pure double diloridea of osmium with 
ammonium and potassium, (NH4)20sCI« and K^OsCl^. Both 
these salts were obtained in well-formed octahedral crystals, of 
deep red colour while immersed in their solutions, but appearing 
deep black with a bluish reHection when dry, and yielding bright 
red powders on pulverization. The method of analysis consisted 
ih reducing the double chlorides iu a current of hydrogen : in 
case of the ammonium salt the spongy osmium which remained 
after reduction was weighed, and the expelled ammonium 
chloride and hydrochloric acid caught in absorption apparatus, 
and the total chlorine estimated by precipitation with silver 
nitrate. In case of the potassium salt the exj>elled hydrochloric 
acid was absorbed and determined, and the raetaUic osmium left 
after removal of the potassium chloride by washing was weighed. 
The mean value yielded by all these various estimations is 191*1, 
thus placing osmium in its proper place before iridium, and 
removing the last striking exception to the “ law of periodicity." 

At a recent meeting of the Washington Society of Anthropo- 
bgy, Mr. H. M. Reynolds read a paper on Algonquin metal- 
smiths. He expressed the opinion that* the working of the 
copper-mines of Lake Superior is not of such high antiquity as 
has been supposed, and that it may have been continued until 
comparatively modern Indian times. 

S0M£ time ago the Smithsonian Institution issued inquiries as 
to the existence and geographical distribution of “rude and 
unfinished implements of the PalseoUthic type." The Amencan 
Naturalist says that responses have been received from thirty 
States and Territories. The implements already noted amount 
to between six and seven thousand, and their distribution 
extends nearly all over the United States. Several hundreds of 
implements— none of which seem to have been found in the 
mounds— have been sent to the Institution. The object of the 
Institution in undertaking this investigation was to determine 
whether there was in America a Palseolitbic Age, and, if so, 
whether it had any extended existence. 

The Free Public Libraries and Museum of Sheffield seem to 
be in a most flourishing condition. According to the lost Report, 
which has just been sent to us, there has been a steady increase 
in the number of books issued. The number issued during the 
year ending August 31. 1887, was 410,395. The number issued 
during the previous year was 399,653, so that there was an 
increase of 10,74>< 

Messrs. Loncuan&, Green, and Co. have sent us a 
aeries of their test cards in mechanics, packed in neat little card^ 


board cases. The questions on the many and various branches 
of the subject are arranged in three stages. Each stage consists 
of about thirty cards with six questions on each, and is eupple* 
mented by cards containing the answers to all the numerical 
questions. The questions are excellently chosen, and are 
arranged in an intelligible and progressive order. 

A CAREFUL and very valuable btbKogriphy of the works of Sh 
Isaac Newton, with a list of books illustrating his life and works, 
by G. J. Gray, has just been issued by Messrs. Macmillan and 
Bowes, Cambridge. The bibliography is divided into ten 
sections : (i) collected editions of works i (a) the ** Principia " ; 
(3) “ Optics ; (4) “ Fluxions " ; (5) “ Arichmetica Univematis ” ; 
(6) minor works ; (7) theological and miscellaneous works ; 
(8) works edited by Newton j (9) memoirs, &c. ; (10) index* 

A NEW edition of the late Prof. Humpidge's translation of 
Dr. Hermann Kolbc’s “Short Text-book of Inorganic Chemis- 
try ” (Longmans) has been issued. The greater part of this 
edition was prepared by Dr. Humpidge last summer. Being 
unable, owing to failing health, to complete the task of reviiioti, 
he asked Prof D. E. Jones, of the University College, Atefyst- 
with, to undertake it, and to see the book through the 
press. 

A Report, with admirable illustrative maps, on the geology 
and natural resources of part of Northern Alberta, and the 
western parts of the districts of Assiniboia and Saskatchewan, 
by Mr. J. B. Tyrrell, Field Geologist of the Geological Survey 
of Canada, lias just been^' published at Montreal. The Report 
is, to a certain degree, preliminary, but the author hopes 
that, for the present at all events, it may suffice as a guide 
to the extent, position, and character of the mineral wealth of 
the district. 

An interesting paper by Mr, Tyrrell, giving an account of the 
journeys of David Thompson in North-Western America, has 
been issued at Toronto. It a as read lately before the Canadian 
Institute, and U published in advance of the Proceedings by 
permission of the Council. The materials for this narrative 
are contained in Mr. Thompson’s field note-books and journals, 
which are preserved in the office of the Crown Land Depart^ 
ment of Ontario. Mr. Thompson died in 1857 at the age of 
eighty-seven. 

Mr. Leland will shortly send to the printer his work on 
“Americanisms/’ which will follow on the “Dictionary ot 
Slang, Jargon, and Cant ” now in the press. It will contain much 
folk-lore in the form of proverbs, songs, and popular phrases, 
and also the etymology and history of the words, as far as they 
could be traced. The work wiH include an account of American 
dialects, such as Pennsylvanian Dutch, Chinook, Creole, and 
Gumbo. A number of American scholars will deal with spedal 
subjects. 

We have received a copy of the Toyd Gakugei Zasshi (the 
Eastern Science Journal)^ printed in Japanese characters. This 
magazine is published monthly, and is edited by a committee^ 
most of whose members are Professors of the Imperial Uni* 
versity at Tokio. Nearly 3000 copies of each number are 
sold. 

The first part of the second volume of the Journal of the 
College of Science, Imperial University, Japan, has been sent 
to us. The contents include, besides a mathematical paper, in 
German, by Dr. P. R. Fujisawa, the following articles In Kng- 
lish: on the composition of bird-lime, by Dr. £. Driven, 
F.R.S., and Micfaitada Kawakita ; on anorthlte flom Miya- 
kqlma, by Yasoshi Kikuchi j the s.>urce of Batkripcepkalui 
in Japan, by Dr. Isao Ijima; and earthquake-meeaure- 
menu 6f recent yean, especially relating to vertical motion, by 
S. Sekiya. 
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Messrs, D, C. Heath and Co. (Boston) will publish at 
ontoc Compayre’s ** lectures on Pedagogy : Theoretical and 
PracticRV R companion volume to ibeir Compnyre’s ** History 
of Pedagogy.” It U translated and annotated by Prof. Payne, 
of the Universityof Michigan. 

PROE. J. VroLLE has just issued the first part of the second 
volume of his **Cours de Physique.” The present part relates 
to acoustics. 

We eeprint from Seiewe of June i, 1888, the following 
suggestive paragraph The Committee of the House of 
KepreeetitatlVes on acoustics and ventilation has actually 
reported fhvonrably a ^iti appropriating seventy>6ve thousand 
dollaris to subsMiee a man Who thinlcs he can construct a steel 
* vacuum ' balloop of great power. He is to be allowed to use 
the facilities of one of the navy-yards for the building of his 
machinei and is to have the money as soon as he has expended 
scve'ity-dve thousand dollars of private capital upon his air-ship. 
One of the mathematical physicists of Washington was asked 
by a member of Congress whether such a balloon could be 
successful^ floated. He set to work upon the problem, and 
here are some gtf his results, which are rather curious : — A 
common balloon is filled with hydrogen gas, which, being lighter 
than air, causes the balloon to rise and take up a load with it. 
But, as the pressure of the gas within is equal to the pressure of 
the atmosphere without, no provision other than a moderately 
strong silk bag is required to prevent collapse. The inventor of 
the proposed steel balloon hopes to gain greater lifting' power by 
using a vacuum instead of gas, the absence of substance of any 
kind being lighter than even hydrogen gas. But he has to con- 
tend with the tendency of the shell to collapse from the enormous 
pressure of the atmosphere on the outside, which would not be 
counterbalanced by anything inside of it. The first question 
which presented itself was, How thick could the metal of the 
shell be made, so that the buoyancy of the sphere, which would 
be the moat economical and the strongest form in which it could 
be constructed, would just float it without lifting any load? 
The computations showed that the thickness of the metal might 
be *00005$ of radius of the shell. For example : if the 
sphencal shell was one hundred feet in diameter, the thickness 
of the metal composing it could not be more than than one- 
thirlieth of an inch, provided it had no braces. If it was 
thicker, it would be too heavy to float. Now, if it had no 
tendency to buckle, which of course it would, the strength of 
the steel would have to be equivalent to a resistance of more 
than 150,000 pounds to a square inch to resist absolute 
crushing from the pressure of the air on a cross-section of the 
metaK Steel of such high crushing-strength is not ductile, and 
cannot be made into such a shell. If the balloon is to be braced 
inside^ as the inventor suggests, just as much metal as would be 
used in constructing the braces would have to be subtracted from 
the thickness of that composing the shell. Of course, such a 
shell would buckle long before the thickness of the metal of 
which it was composed was reduced to *000055 of its radius. In 
other words, it is mathematically demonstrated that no steel 
vacuum balloon could be constructed which could raise even iu 
own weight. This is an illustration of how intelligently Congress 
would be likely to legislate on scientific matters unguided by 
iotelllgent scientific advice.” 

The additions to the Zoological Society’s Gardens during 
the past week include two Pig-tailed Monkeys {Afacacus 
n^misfrinw 6 9 ) from Java, presented by Mr. C, W. Ellacott ; 
A Bonnet Monk^ [Ma^ac’us sinuus 9 ) from India, presented by 
Mr. J, WUtshtre ; a Pig'4:ailed Monkey {Matins nmesirinus) 
from Java, presented by Mrs, Gleig ; two Spotted Cavys 
go) from South America, presented by Mr. 
W. H, Suther ; a Mange’s t)asyace (I>aofunis mtttgai) from 


Australia, presented by Mr. H. R, Brame ; three Abyssinian 
Sheep {Ovis arieSf var.) from Abyssinia, presented by Mr. A. J. 
Baker ; two Pallas's Sand Grouse {SyrrhapUs parad&xui) from 
the Island of Tirce, Argyllshire, presented by Lieut. ^Colonel 
Irby and Captain SaviU Reid, F.Z.S. ; a Wapiti Deer {Cervus 
canadensis g ), bom in the Gardens. 


OUR ASTRONOMICAL COLUMN 

The CoNSTAPrr of^berration.— In the year i86i, Prof. 
J. S. Hubbard comnfenced a series of observations of a Lyrae 
with the prime vmtical instniment of the Washington Naval 
Observatory, which was continued by either Pro&. Newcomb, 
Harkness, or Hall until 1867. The purpose of these observa- 
tions had been to obtain corrections to the assumed values of 
the constants of nutation and aberration, and to afford an abso- 
lute determination of the annual parallax of the star. The series 
was not continued for a sufficient ]>eriod for the first purpose ; 
and Prof. Asaph Hall, when engaged on the determmation of 
the parallax of a Lyrse by another method, found that these 
observations would give it a small negative value. From this 
and other circumstances he was at that time induced to think 
the observations would not repay the trouble of a careful dis- 
cussion ; but recently, reflecting that they had been skilfully 
designed, and carried out with care, he resolved to ascertain the 
result they would furnish for the constant of aberration. The 
observations commenced 1862 March 25, and extended to 1867 
April 25, and were 436 in number. The mean resulting value 
of the parallax is — 

IT =1 - o"-079 ± o*"oi 34 , 

whilst 

Constant of aberration = 20^*4506 ± o”*oi42, 

with an average probable error for a single observation of 
It o"- 1 74. 

Adopting a parallax of + 0"*I5, the result would be— 
Constant of aberration = 20” *4542 ± o"'Oi44. 


Prof. Hall prefers this latter result, notwithstanding the un- 
certainty as to the true parallax of the star. The negative 
result oDtained for the parallax may probably be due to the fact 
that the coefficient of parallax obtains its extreme values in 
January and July, when the mean temperature is likewise at its 
extreme points ; the January observations also are made in day- 
light, but the July at night, which would tend to produce a 
systematic difference In the method of observing. The coefficient 
of aberration, on the other hand, has its greatest values in April 
and October, when the conditions of observation will be nearly 
the same. 

The above value of the constant of aberration gives, for the 
solar parallax— 

IT - 8" 810 ± o"'*oo62, 

Hansen’s values of the mean anomaly of the earth, and eccen- 
tricity of Us orbit being assumed, together with Clarke's value 
for the equatorial radius, and Michelson and Newcomb's deter- 
mination of the velocity of light, viz. 186,325 miles per second. 

The Markinos on Mars. — The observations of M. Perroiin 
at Nice, and M. 'I'erbyat Louvain, and, in England, of Mr. Den- 
ning at Bristol, have confirmed the presence on the planet of most 
of the “ canals ” or narrow dark lines which were discovered 
by M. Schiaparelli in 1877, and at subsequent oppositions. M, 
Perrotin has also been able to detect, in several cases, the 
gemination or doubling of the canals, and M. Terby has ob- 
served the same phenomenon in one or two cases, but with 
much greater difficulty than in the opposition of 1881-82. But 
some curious changes of appearance have been noted. An 
entire district (Schiaparelli's Lydia) has been merged in the 
adjoining ** sea,” t.e. its colour has changed from the reddish 
hue of the Martial ** continents ” to the sombre tint of the ** seas.” 
The district in question is larger than France. To the north of 
this district a new canal has become visible, and again another 
new canal has appeared to traverse the while North Polar cap, 
or, according to M. Terby, to divide the true Polar cap from a 
white spot of similar appearance a little to the south of it. With 
the exception of these changes, the principal markings, both 
lil^t and dark, ore those whlcn former oppositions have rendered 
fmiliar. 
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CoM»T l886 a (SAWEltTHAt).— The following ephemeris (or 
Berlin midnight ie by Kerr Berberich {Ajir, AWA,, No. 283^), 
from elliptic elemenU which he has found for it, anil which 
closely reaemble those of Prof. Boss given in Nature of 
May 24 (p. 88) ; — 
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The Kazan Observatory has celebrated its ‘‘Jubilee’* by 
publishing an interesting report about its activity since it was 
founded by Littrow fifty years ago. 7'hc mapping of the stars 
between 75* and 80®, which was begun by Prof. Kovalsky, was 
continued and extended by his successor, Prof. Duhyago. 

The Tashkend Obsen^atory has just issued tins second volume 
of its “Works.” 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 JUNE 24-30. 


/■pOR the reckoning of time the civil day, commencing at 
' Greenwich mean mUlnightf counting the hours on to 34, 
is here employed.) 


At Gnmwich on June 24 

Sunrises, Jh. 46113* ,• souths, I2h. 3m. 137s, ; sets, 2oh. 19m. : 
right aac. on meridian, 6h. 14 'Sm, \ deck 33* 25' N. 
Sidereal Tinie at Snnaet, I4h. 33m. 

Moon fFuIl, June 23, 2ih.) rises, Iph. 57m.* j souths, oh. 9m. j 
set«, 4h. 2001. : right asc. on meridian, tSh. 19 '6m. ; duel. 


Plaiwt. His«s. Southii. S«t«. on rneridiaa- 

h. m. li. n\. h. m, h. m. o , 

Mercury.. 5 33 ... 13 25 ... 21 17 ... .7 37*2 ... 19 52 N. 

Venus 3 23 ... II 41 ... 19 59 ... 5 527 23 36 N. 

Mars 13 28 ... ig 53 ... o itT .. 13 6*5 ... 7 39 S. 

Jupiter..., 17 6 ... 21 29 ... i 52*... 15 427 ... 18 47 S. 

Saturn.... 6 29 ... 14 19 ... 22 9 ... 8 31*3 ... 19 34 N. 

Uramia... 12 56 ... 18 36 ... o 16*... 12 49*3 ... 4 35 S. 

Neptune.. 1 59 ... 9 45 ... 17 31 ... 3 56 9 ... 18 47 N. 

■ Indicateft that the rUinc ia that of the precading evening and the setting 
that of the following morning. 
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GEOGRAPHICAL NOTES. 

T.ieutenants Kund and TAPPENBErK have been conduct- 
ing an expedition into the Cameroons interior during the latter 
part of 1887 and the beginning of the present year. Starting 
from Hatanga they succeeded in penetrating far as 12° 30' W. 
long., when, being attacked by Soudan Negro traders they were 
force<l to retreat, both of tltem seriously wounded. They suc- 
ceeded in tracing the course of the Ueundo or Njong River far 
into the interior, and brought back much infumiatian cooceroing 
the people and the products of the country. With regard to 
general results, they found that the water-parting between the 
rivers that discharge in the Cameroons region and those that flow 
into the Congo Basin lies not near the coast as has hitherto been 
supposed, and therefore it i& hoped that a navigable route may be 
discovered that will lead well into the interior. The water- 
parting between the left tributaries of the Hinue and the rivers 
in the German Cameroona also lies far in the interior. The 
division between the Soudan Bantus U not to 

be looked for in the direction of Adamawa. but southwards is 
formed by the Zannaga River and eastwards lies at a distance of 
150 miles from the coast. Lieutenants Kund and Tappenbeck 
assert that the area of Mohammedan influence exteiMe much 
farther south than has hitherto been thought. No aign« of 
volcanic action have been met with as far as the Zanoaga River 
or in the mountains to the north. The profile which accompanies 
the report shows a coast plain about 70 feet high, succeeded by a 
sharp slope rising to a height of from 3000 to 4000 feet, beyond 
which the country slopes gradually to the inner African plateau, 
about 2500 feet above the sen. 

The Tune number of Petermann’s MUteilungen is mostly 
occupiea with a memoir by Or. Supan on “ A Century of 
African Exploration,” written in commemration of the 
centenary of the British African Association! founded in June 
1788. Dr. Supan traces the gradual opening up of the 
continent and its various regions, the text r>eir}g illustrated by 
a series of most instructive maps. In indicating what yet 
remains to be done, Dr. Supan maintains that it is a mittake 
to assert that the days of pioneer expU) ration are over. He 
shows that while a few patches have been surveyed with some 
care, while of others we have a general knowledge, and while 
in other regions lines of travel have been run throt^h, there are- 
great regions that still remain absolutely blank. In the north, 
in the region of the Sahara, which has been so long known to 
Europe, the blatiks are almost greater than ekewhenn, learing 
ample room for pioneer work, which may very well be 
00 alongside of more minute exploration. 


TECHNICAL INSTRUCTION} 


TN celebrating as we ore now doiiw the fifty- fiwt annual 
* tneetiog of the Yorkshire Union of tune*? tihoaghts 

naturally revert to the foandAiion of that Union and to the Sdu^ 
caUonal progress which our country has tnacLe since the earlier 
years of the century ; and round these thoughts will jgravltite 
recollections of the life and labours of your revered msident, 
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Sfir F. 4 wmrd Baines, for in him we have a living picture of the 
history of the educational progress of the century. Truly, he 
has l^en a witness, and an active witness, of En^ish edirca- 
tiOQtl reform from his earliest years, nor have his efforts In the 
great camse from that time forward ever cea^. Was he not 
even as a boy in Teeds so long ago as an earnest listenw 
to the expositions of one who may be jristly regarded as the 
fotmder of our present system of national education, 1 mean 
Joseph Lancaster? The name of Baines, again, is intimately 
connected with those of Birkbeck and Brougham in the great 
work of founding mechames' institutes. 

The English character is ever prone to consecutive action, 
sadden revoltrtions are contrary to its sjdrit, and this character* 
istic is evidenced by the present phase of interest in so**alled 
technical education, for this U doing nothing more than carrying 
out in accordance with the necessities of the hour the old prin- 
ciple enunciated by Birkiveck, Brougham, an<l Baines in 1825 
in the founding of mechanics’ insliiniionR, which have for their 
object the leaching to our workmen the principles of art an<l 
science which underlie the trades they practise. This, too, U our 
definition of technical instruction. We do not attempt to teach 
trades, but the principles, artistic or scientific, upon which these 
trades depend. '^I'he school can teach how to make the best 
article, how to apply the principles which lie at the foundation 
of the manufacture. The workshop, on the other hnml, teaches 
what the workshop alone can teach— how to produce the article 
most economically. This I take to be the essential distinction 
between school teaching and workshop practice. The boy at 
school learns how to do the work well, the man at the factory or 
shop must learn to do it not only well but most cheaply. If we 
keep these two parts of the tpiesiion separate, give to the school 
what belongs to the school, and lo the workshop what belongs 
to the workshop, we shall avoid all conflict between the so 
called theorist and the practical man, we sliall preserve what is 
greatly to be prized, our English workshop experience, but add 
thereto a knowledge of principles which have hitherto been 
greatly wanting. Each does neces ary work : what we desire 
and need to develop and to fouler is the proper union of theory 
and practice, without which the supremacy in manufacturing 
industry, the chief glory and mainstay of our country, will be 
endangered in the industrial warfare in which all civilized nations 
are now engaged. 

This, then, is the problem which Ilxines sought to solve, an<l 
which your Union and all ardent educationists of the present 
day are striving to accomplish. For this end we now seek 
Government aid, and are asking for national recognition of a 
national necessity. What else is the meaning of the Bills for the 
promotion of technical education now before Parliament? We 
ask simply for powers to develop <and to strengthen the work 
which mechanics’ institutes were founded to accomplish. We 
desire to carry on that work on sound lines ; that, whilst asking 
for Imperial aid and for the imprimatur of a national system, we 
shall be left to decide for ourselves the exact mode of carrying 
out that system which each locality and each special industry 
knows is best adapted to satisfy its peculiar requirements. These 
should be the main objects of any Technical Bill. Are these 
objects properly put forward, and are these conditions properly 
safe-j^arded in the Government Technical Bill now before 
Parliament ? This is the pressing question of the hour. It is for 
ptt, and for similar aweeiations ihronghout the length and 
breadth of the land, to say whether this is so or not, to satisfy 
yourselves on this point, and to urge your representative in 
Parliament—dhap whom none is more willing or more able to 
assist you — to set that your claims and opinions on this subject 
are made known to the Government Which is responsible for 
bringing this great subject forward For, gentlemen, it is a 
great question, one which lies at the foundation of the future 
welfare— I had almost said the future existence— of the nation. 

May I, then, venture lo call your attention lo one or two of the 
salient points in this Bill, and to point out to you what I consider 
some orits valuable provisions as well as some of its defects ? In 
the first plate, then, the chief and leading ptiniiiple of the Bill 

the rec(^itlon that the time has arrivea for giving national 
aM, whether from local rates or from Imperial sources, for the 
^U'omotton of technical Instruction. The establishment of this 
prfneuj:^e is one, I veirture to think, Of the highest possible 
importance, which if once admitted may weH cover a multitude 
of miftetdefocts. Sifii, every benefit mar be purchased too dear, 
It Is weH to look at the coodiifoni with which this concession 
to puhuu oidnioQ is enupM* Here 1 am speaking to edUca- 
tronjblS, otft i am also speakintj^ ^ Yorkshire and to Y orkshrremen, 


who have always upheld, and especially at the present moment 
do uphold, the standard of l..ib«ral opinion in political as well as 
in eaucatioimi matters, and T therefore foel that in expressing my 
opinion against certaio conditions attached to the BUI — conditions 
which are diametrically opposed to the ideas and principles upon 
which the Liberal party has always acted — 1 say in expiessing 
these objections I may claim your support ns well as your 
attention. 

Clause 2 of the Bill makes it compulsory on every School 
Board adopting its provisions as to technical instniction — that is* 
u|>on every School Bmird undertaking to rate its district to the 
limited penny in thejI&UTicJ— to aid thcsupply of technical instruc- 
tion in any ojher^iublic elementary school not under its 
management in like manner as it aids the supply of such instruc- 
tion in its own schools. 1'his clause, which as you all will aee 
may be most sweeping in its effects, must be entirely rejected ; 
indeed, it could not stand one hour’.s scrutiny in the House of 
Commons, for it ofiends against the cardinal principle that those 
who pay the rates should have a voice, eitWr directly or in- 
directly, in the spending of them, and this is not provided for. 
But whilst strongly objecting to this compulsory clause — the only 
compulsory one in the Bill — I, for one, am willing lo consider, 
and to dc.'xl fairly with, the just claims of the voluntary schools ; 
for although I am a believer in the Liberal creed, I am before 
all things an educationist, and I cannot forget that if we are to 
have our children made more fit for succeeding in the modem 
battle of life, we must endeavour to bring to bear upon them al*, 
without distinction of creed or of party* the lever which will 
raise them in the social scale and enable them to use their heads 
and Iheir hands to their own benefit, and therefore to that of the 
nation of which they form the units. 

Hence, remembering that more than one-half of our pq>ula* 
tion are educatol in voluntary schools, and that in many localities 
these schools are the only ones in existence, and moreover that 
they are cloing excellent educational work, I, speaking for myself, 
whilst strongly opposed to any compulsory powers, do not feel 
the same difficulty in admitting the provisions of the first clause 
in the Bill by which ** any School Board in England may from 
time to time supply, or aitl the supply of, such manual or 
technical instruction or both, as may be required, for supplement- 
ing the insiruciion in any public elemental^ school in its district, 
whether under its own management or not.” This clause, you 
will jwrcetve, errab’es .Sdiool Boards if they think fit to assist 
voluntary schools in their districts by aid from the rates for the 
special purposes of technical instruction, and through the School 
Board the ratepayers have a voice as to whether their rates shall 
or shall not be thus spent. Bnt here comes in the limiting 
danse that not more than it/, in the pound shall be spent. I 
object to this limit. It will obviously be very diflficttU for any 
School lioard lo ascertain how far the expenses of giving 
tcchmcal instruction can be accurately defined, and I should 
prefer to leave the amount spent on this object to the good sense 
and judgment of the locality as represented by the Scl^l Board. 
But how about districts which possess no School iBoard ? Are 
they to be left out in the cold ? No. Provision is made in a 
further clause by which any local authority having adopted the 
Free Libraries Acts may hand over to the voluntary schools in 
its district a sum not exceeding id, in the pound for the purpose 
of supplying technical education to be given in its district public 
elementary schools. Here again the clause is a pennisaivc one 
only, and the local authority as representing the ratepayers is 
the judge of whether afld how for sach aid in to be given. I do 
not like the plan of mixing up the vexed question of free libraries 
with that of teclinical edocatfon, and sWid much prefer the 
names of the authorities to be simply scheduled, as 1 see grave 
objections to the necessary pUHfisciit in districts which have not 
already adopted the Acts. Still I do not know that on this 
account 1 should wish to see the Bill rejected. 

Another grave defect in the Bill is a limit is placed on the 
teaching of technical subjects in Board schools at the seventh 
standard. This deals a fatal blow at the higher elementary 
schools. Thus in the Central School ih Manchester at the 
present moment no fewer than 500 seholars who have passed 
Standard VII. are now learning the sciences— suWeets included 
within the term teohnical instruction. These scholars cannot 
continue thtta to be taught under the Bill. We must have a 
shnihir provisfoU introduoM to that in the Scotch Bill, by which 
the Boards are empowered to use the rates for the maintenance 
of higher-gntde schools ; and these matters must be attended to 
if we «re to have a Technical Bill worthy of the name. The 
higher technical edttcatfon, os that given in the Colleges, may be 
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asaisted by rates levied by local authorities or by Imperil ffranta^ 
in addition to those made now by the Department AU a^now- 
ledge the importance of this higher training. If the head is not 
educated, the hands are apt to get into mis^ief. Hence, as these 
University Colleges can never be self-supporting, it is g^tly to 
be hoped that they will receive that national aid which their 
importance to the State demands. 

But we nave a second Bill before the House of Commons — 
one introduced by myself on behalf of the National Association 
for the Promotion of Technical Education. 1 naturally prefer 
the provisions of my own Bill to those of the Government. 
They are much simpler, less clogged ai>J hampered by con- 
ditions, and confer the same benefits as i^e Government Bill 
proposes to confer, with one exception only, viz. aid from the 
rates to voluntary schools, for to tnis many of my friends arc 
strongly opposed ; bur, so far as I am myself concerned, I am 
free to admit that I should not oljject to see the difficulty settled 
by permissive powers being given to the School Hoards to aid 
voluntary schools in their district, just as it is proposed that local 
authorities shall have power to do the same where no School 
Boards exist ; for, as I have pointed out, the ratepayers have it 
in their power to refuse such payments by electing members who 
will oppose such an application of the rates, 

Now, to turn to the more immediate question relating to your 
Union, you may, I think, be gratified with the results of your 
fifty-one years* work. You can look back upon half a century of 
admirable endeavour. You have now 260 institutions in union, 
containing upwards of 500,000 members and 14,000 technical 
students. You have spent half a million of money in buildings 
contributed V)y voluntaiy subscriptions, with the exception of 
I per cent, derived from S. K. grants for building. All tne mem- 
bers of your committees are unpaid, and man^ of them have 
been at work for you all their lives. Yonr claims for national 
aid are therefore nigh, and such aid is much needed, for, though 
the progress you have made is great, you have not nearly accom- 
plished all that has to be done. We want continuation evening 
schools established on a new and generous basis. We want a 
newan<l more elastic evening scho<)l code. We want to eman- 
cipate from the rigid lines and requirements of payment on 
individual results. We want an attendance and merit grant for 
evening continuation schools — say tzs, per head for attendance 
of sixty nights to insure good and continuous teaching. Above 
allf we wish that existing institutions should be rendered effective. 
The 260 institutes are in existence, but need help. 

When we look abroad we .sec that both Governments and 
municipalities vie with each other in aiding technical schools. 
They are proud to do so, for they know their value. Do you 
suppose,” said an intelligent German to me, ** that we, weigfited 
as we are with heavy taxation for our military and civil services, 
would willingly further tax ourselves for the purposes of technical 
schools unless we were convinced that the outlay; will repay us 
over and over again ?” This is German opinion, and it is the 
opinion which we need to inculcate in the minds of our own 
people, for then we shall get what we want. 

Nor need we be ashamed of the beginnings which we have 
already mads ; many of our existing insist ions will bear favour- 
able comparison with Continental models. Take Huddersfield 
for example ; the school there exactly meets the requirements of 
the district, and it has already exerted a very marked and bene- 
ficial influence on the trades of the district, especially as 
concerns dyeing and design. This school cost ;^20,ooo, all 
raised by voluntary effort, but though doing excellent work at is 
heavily in debt, and its friends have difiScuity in raising funds to 
keep it going — not for lack of pupils, for the school is largely 
attended, I but for the reason that such higher schools cannot be 
self-supporting, and the greater the number of pupils the greater 
the cost. Surely, if our people understood their true interests as 
well as our neighbouvs and competitors do, they would not rest 
until such an institution is placed in a position to do all it can 
to raise the condition of their industries by supplanting the too 
common and worn-out rule of thumb by scientific knowledge 
always new and always productive. Then again at Yeadon, a 
small place, you have a school which c6st 7000 to build, and 
in which 350 students are being instructed. But here, too, 
funds are urgently needed to carry on the work. Surely there 
ought not to be many who grudge spendiiw a penny hi the 
poui^ on such objects. In Castteford itselfTyour Mechanfoa’ 
Institute has done during its forty years of life, toad is now 
doing, good work. , The building is, however, too small for the 
requimfnents of the day ; your numbers have increased from fio 
to 210, and the necessary appliances for teaching sdence and 


technology are deficient Lot ns hope that when the Tedtnicil 
Bill becomes an Act, Castleford will be one of the first to take 
advantage of its prorisions. 

But yon may ask, What good will come to our leading Indultdns 
here— coal and gh^s — by your technical education ? How 
the employers and employed benefit therefrom? In the fifst 
place, tnen, there is no industry in which the value of even a 
little scientific training is so important for both masters and men 
as in that of coal-getting. Such a training may, for instance, 
be, and indeed has often been, the means of saving hundreds 
of valuable lives. One ignorant man may place in jeopardy 
or even sacrifice by a single careless act the lives of Ms 
comrades, au act which no one acquainted with the properties 
of explosive gases would dare to commit. In a thousand other 
ways scientific knowledge— which after all is only organised 
common-sense — will help all concerned in this great industry. 
So again in glass-making, how great is the aid given by scientific 
and artistic knowledge. What a step was the introduction of 
the Siemens regenerative tank furnace, and how much more 
remains to be achieved. Then your bottle trade might, by the 
application of artistic knowledge, be made the founclation of a 
higher and more tasteful industry which might successfully com- 
pete with the wares of Bohemia and Venice. Why not ? Are 
not our workmen both mentally and physically superior to the 
foreigner ? I believe them to be so. They only need teaching, 
and that we have hitherto withheld from them. 

It has been well said that whilst we have confined our atten- 
tion to improving our machines, the Germans have devot^ 
themselves to educating their men. I^t us lose no time in 
following their lead. “ >Vhat we fear,” said one of the mastera 
to me, “ is not either free trade or protection. What we fear is 
that some day you English will wake up to the necessity of 
educating your manufacturing population as we do, and then 
with your racial and physical advantages it will become difficult, 
if not impossible, for us to compete with you.” Let us, then, 
take to heart the old adage that victory comes to the srrong, 
but remember that it is not to the bodily strong, but only 
to the strong mentally and morally that the victory comes. 
Let us see that in this struggle for existence our people are 
healthy and vigorous in all these three essentials, and act upon 
the true and eloquent words of Huxley, “ You may develop the 
intellectual side of a people as far as you like, and you m.iy 
confer upon them all the skill that training and instruction can 
give, but if there is not underneath all that outside form and 
superficial polish the firm fibre of healthy manhood and earnest 
desire to do well, your labour is absolutely in vain,” 


THE INTERNATIONAL GEOLOGICAL 
CONGRESS, 


A DMTRABLE arrangements have been made for the London 
^ meeting of the intemational Geological Congress, from 
September 17 to 23 next. The following details are taken 
from a printed letter signed by the General Secretaries, Mr. J. 
W. Hulkc and Mr. W. Topley, The meetings will be held in 
the rooms of the University of London, Bunington Gardens, 
where accommodation for the Council, Committees, Exhibition, 
&c., has been granted by the Senate of the University. There 


is a refreshment-room in the building, and there are several 
restaurants and hotels m the immediate neighbourhood. Arrange- 
ments will be made at one of these restaurants for a room to be 


set apart for the social meetings of members of the Congress. 
The opening meedog of the Congress will take place on Monday 
eveni^ September 17, at 8 p.m., when the Council will be 
appointed, and the general order of business for the session 
11^1 be determined. The ordinary meetinra of the Congress will 
be held on the mornings of Tuesday, the 1 8tn, and succeeding day*, 
beginning at 10 a. m. In the afternoons there wilt be visits to 
Museums, or to places of interest in the neighbourhood of 
London. Arrar^ments for the evenings will be made at a later 
date. The ordinaij baiiness of the Copgress wUl inchtdO the 
discustton of questions not considered at Berlin, Or ’adjourned 
thence for fuller discussion at the London meeting.. Atoongst 
these are : the geological map of Europe ; the classlfieaticm of 
the Cambrian and Silurian rocks, and of the Tertiary strata ; and 
soxne points of nomenclataTe, reforred to the Congress by 
the International Commission. Mfsceliansotts btiiintMiifil fibe 
be ooosidered. In addition to these ^aestions^ tbo Oigsniliiig 
Committee prt^posei to devotea gnedal sitthig to a disoiMeo:^ 
the CrystalUne Schists. An Exhibition wHl he held dnriqg 









the the Coi^reM, to which geologists are Invited to send 

map^ le^nt memoirs, rochs, fossiU, dtc. Foreign members of j 
the Congress are invited by the Council of the British Association 
to ftttefid the meeting of that Association at Bath. During the 
wei^ when the Association meets, there will be short excursions 
in the neighbourhood of Bath, and longer excursions will be 
made after the meeting. At these excursions excellent sections 
of the iiOvrer Secondary and Upper Palaeozoic rocks will be visited. 
Excursions will take place in the week after the meeting of the 
Congress (September 24 to 30). The number of these will 
depend upon the number of members desirous of attending, and 
upon the districts which they most wish to visit. The excursions 
at present suggested are t — (i) The Isle of Wight (visiting the 
Ordnance Survey Office at Southampton on the w,ay) — Creta- 
ceous, Eocene, Oligoccne, (2) North Wales— Pre- Cambrian and 
the older Palaeozoic rocks ; West Yorkshire (Ingleborough, &c.) 
—Silurian and Carboniferous Limestone. (3) East Yorkshire 
(Scarborough, Whitby, &c.) — Jurassic and Cretaceous, Should 
the number of members be so large as to make additional 
excursions necessary, they will probably be : — (4) Norfolk and 
Suffolk— Pliocene (Crag) and Glacial beds. (5) To the Jurassic 
rocks of Central England. The short excursions during the 
week of the Congress will probably be to Windsor and Eton, to 
St. Albans, to Watford, to Brighton, to the Royal Gardens at 
Kew, and to other places of interest. Brief descriptions of the 
districts to be visited in these excursions will be prepared (with 
illustrative sections, &c.), and will, if possible, be sent to 
members before the meeting. The full Report of the London 
meeting will be issued soon after the close of the sesdon. It 
will contain, in addition to reports of the ordinary business of 
the Congress, the Report of the American Committee on 
Nomencuiture (about 230 pp. ) ; the Memoirs on the Crystalline 
Schists (about 150 pp.), and reports of discussion on the same ; 
and probably a reprint, with additions, of the Report of the 
Kngltsh Committee on Nomenclature (about 150 pp,). 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Oxford, — The Burdett-Coutts Scholarship in Geology has 
been awarded to Mr, M, Hunter, B. A., Queen's College. 

The degree of M. A. honoris eausd has been conferred on Dr. 

S- J. Hickson, the Deputy Linacre Professor, and on Mr. 
Wyndhom R. Dunstan. 

Scholarships in Natural Science are announced for competition, 
at Merton and Corpus jointly on June 26, at Magdalen on 
October 9, and at Balliol, Christ Church, and IVinity jointly on 
November 20. Information may be had from the science tutors 
of the various Colleges. 

A statute is beii^ discussed by Congregation, which will place 
the biological sciences on the same footing as the physical 
science so far as the examinations for pass degrees are concerned, 
and it is hoped that the changes to oe introduced will increase 
the numbers of the biological and medical schools. 

Mr. F. J. Smith, of the Millard Laboratory at Trinity, has been 
^pointed University Lecturer in Mechanici and Experimental 

Cambxidoe.— A n amended report on the Natural Science 
Examinerships has just appeared, but the scheme proposed is 
very complex. It having been found difficult to get examiners 
to undertake the honours, and ordinaiy degree, and M.B. | 
examinations combined, it is proposed to separate the elementary 
examination work, and appoint two examiners each in element- 
ary dtem»try, in clemantary physics, and in elementary biology, 
while tvro examiners in eadi subject of the Natural Sciences 
'Dtipqw are to be appmoted as before, and two in pharmaceutical 
chcoustvy, for the second M.B. Thus there will he twenty-four 
examine in all. The examines are to be paid a minimum of 
fifteen, rttirea|^, or thikty potu^ eadi, with a payment of five 
ShiUhigsIbr' each Tt^km candidate in their subject, or one, two, 
and JimrsldBinga per oandidate in other examin^ns. Moreover, 
it isrequlred^at aU papers and all practioal work in honours 
shall bw ttxamioed by both examiiaea in a subject. Both 
emainem eie to be present at ati oaaL work in their subject ; 
dlexandnsrs nuitt be present' at the nseeting for arranging 

We ptcwitosticate that the 
4^-:0f,^^efeiudiitei% if at aB worthp ef the univeteicy, wiR iiot 
%|eiy<>^cedststof;j^ eaeder the nmy sebeme^^^Tfae 
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Worst mistake perhaps that the University mtke$ is in coatinaing 
the one-sided ordinary degree examinations in single subiccts, such 
os geology, botany, and zoology ; for all combine I there were 
only four candidates in' the last academical year ; and for these 
there were six separate examinations provided, though two 
were not held. The chemistry ^'special '* attracts a number of 
candidates, who might be much better eo^loyed in prepanng 
for the First Part of the Natural Sciences Tripos. It would be 
far easier to work the Natural Science Examinations if these were 
abolished. It is absurd to keen up a machinery of examination 
which is tabooed even by canaidates. The Tripos is a success, 
which the specials art^ot, and still more liberal payments and 
regulations ought t made. It ought to be remembered that 
the graduates pay heavy degree fees in addition to examination 
fees. 

The examiners for i 388 in the Second Part of the Mathe- 
matical Tripos were Edward John Routh, Sc.D., Peterhonse; 
James Whitbread Lee Glaisher, Sc.D., Trinity College ; Tosepb 
John Thomson, M.A. , Trinity College; Andrew Russell 
Forsyth, M.A., Trinity College. The names, in each class and 
in each division, are arrange in alphabetical order, and not in 
order of merit. All the candidates passed the Mathematical 
Tripos, Part I., in June 1887. 

Class I, — Division i. — Baker, B.A., Joh. ; Berry, B.A., 
Trin. ; Flux, B.A., Joh. ; Mitchell, B.A., Triu. Division 
2. — Brown, B.A., Christ’s; Clay, B.A., Trin.; lies, B.A., 
Trin. 

Class IL— Little, B.A., Trin. ; Norris, B.A., Joh. ; Peace, 
B.A., Emman. ; Soper, B.A., Trin. 

Class III, — None, 

The faint hope that there was till lately that a Geological 
Museum might soon be begun has been dissipated by the 
Financial Board having reported that the University has no funds 
available at present, mthough the Sedgwick Fund has 19,000 
in hand to supplement the University contribution. 

The late Sir Charles Bunbury’s valuable herbaria ^have been 
presented to the University by Lady Bunbury. 

At the Annual Scholarship Election at St. John’s College, on 
June 18, the following awards in Natural Science were made : — 
Foundation Scholarships ^ continued or augmented— Seward, 
Rolleston, Rendle. Tuqsin, Groom, d’ Albuquerque ; Foun- 
dation Scholarships awarded — Hankin, Horton- Smith, Locke, 
Baily, Simpson ; Exhibitions awarded — d’Albuquerque, Han- 
kin, Horton -Smith, Blackman, Schmitz. In Mathematics, the 
following awards were made : — Foundation Scholarships con- 
tinued or aiupnented — Baker, Flux, Norris, Orr, Sampson, 
Harris, KuHd, Bennett; Foundation Scholarships awarded — 
Palmer, Carlisle, Burstall, Monro, Cooke, Lawrenson ; Exhibi- 
tions awarded— Sampson, Harris, Monro, Dobbs, Reeves, 
Bennett, Burstall, Cooke, Lawrenson, Biown, Finn, Kahn, 
Salisbury, Schmitz, Shaweross ; Proper Sizarship awarded — 
Finn. Wright’s Prizes to Simpson, Hankin, Blackman, for 
Science ; and Orr, Burstall, Reeves, for Mathematics. The 
Hcrschel Prize to Salisbuy, for Astronomy ; the Hockin Prize 
for Electricity not awarded The Hutchinson Studentship of 
;^6o a year for two years is awarded to Mr. G. S. Turpin for 
research in Organic Chemistry ; and the Hughes Prize to Orr 
(Senior Wrangler) and Brooks (Senior Classic). 


SCIENTIFIC SERIALS. 

Amorican Journal of SHtnee^ June . — Note on earthquake- 
intensity in San Francisco, by Edward S. Holden. The object 
ofthU paper is to obtain an estimate of the absolute value of the 
earthquake-intensity developed at San Francisco during the 
American historic period, based on the veiy complete records 
collected by Thomas Tennant. The intensity of each separate 
shock (417 altogether) is assigned on the arbitrary scale of Rossi 
and ForcL The total average Intensity during the 80 years from 
1808 to 1888 is found to be nearly equal to intensity of 28 
separate^shocks as severe as that of ifoS, and the 417 s^cks of 
known int^ities correspond to 33,360 units of acceleration.— 
On the relations of the Laramie Group to earlier and later 
Xormations, by Oharies A* White. The author's further studies 
of this group, by some geologists referred to the Tertiary, by 
otheix to the Cretadeoua ages, lead to the conclusion that the 
upper etiito form a gradiud transition from the latter to the 
ibrmer, vdiUe there>is ateong presumptive evidence of the Cre- 
taceous of the inatevtpart of it— The gabbros and dioriees 
ef the ^^Certlaa^ Berict the Hudsofn River near Peek^dU , 
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New York, by George H. WilUams. With this paper the 
author concludes for the present his elaborate petrographic 
studies of the extremely varied massive rocks of the “ Corllaudt 
Series,*' as it has been designated by Prof J. IX Dana, lie 
treats in detail the gabhro, dlorUe, and mica diorite varieties of 
norite occurring chiefly in the south-western portion of the area. 
—Three Ijprmalions of the Middle Atlantic slope (continued), by 
W, J. McGee, In this concluding paper the whole subject of 
the Columbia formation is recapitSated, the general conclusion 
being that it is much older than the moraine -fringed drift -sheet 
of the North-Eastern States, and that while th evert e brat es of its 
correlatives suggest a Pliocene origin, bcKh btratigrajihj' and the 
invertebrate fossils prove that it is Quaternary. Thus the 
Columbia formation not only enlarges cuirent ^conceptions of 
Quaternary time, and opens a hitherto ‘-ealed chapter in geology, 
but at the same time bridges over an important break in geo- 
logical history, between the rcrUaryan<l Quaternary eperchs.— A 
comparison o( the elastic and the electrical theories of light with 
respect to the law of double refraction and the dispersion of 
colours, by J. Willard Gibbs, The main object of this paper^is 
to shovf the great superiority of die electric over the clastic 
theories of light as applied to the case of plane waves propa- 
gatetl in transparent and sensibly homogeneous media. Tiie 
phenomena ol dispersion here studied corroborate the conclusion 
which seemed to follow inevitably from the inw of double refrac- 
tion alone. — Mr. Heniw J. Biddle contributes some valuable 
notes on the surface geology t>f Southern Oregon, visited by him 
during the summer of 1887. 


SOCIETIES AND ACADEMIES, 

Lonpon. 

Royal Society, Jane 7. — “An Additional Contribution to 
the Plaoentation of the Lemurs.” By Prof. Sir Wm. Turner, 
Knt., M.B., LL.D,,F.R.S. 

In 1876 the author coTrtribulcfl to the Koyal Society a memoir 
“ On the Placentation of the Lemurs,” which was published in 
the Philosophical Transactions of that year (vol. clxvi. Part 
2). The gravid uteri which he examined and descrilied were 
from specimens of I^ropUhecus diadtma^ lemur rufipest and Indris 
brevicauduhis. 

In April of the present year he received from Mr. F, E. 
Beddard, Prosector to the Zoological Society of I.^ndon, the 
gravid uterus of a Lemur, which was I.tniur xanthQmystax. 

The exaimnfttkm of this gravid uterus confirmed the conclusions 
to which both Alphonse Milne Edwards ^ and the author had 
arrived inde|,>endcntly from previous investigations, that the 
placenta in this important group of animals is diffused and non- 
deciduate, and tliat the sac of the allantois is large and persistent 
up to the time of parturition. In* these important respects, 
therefore, the Lemurs, are, in their placental characters, as far 
removed from man and apes as H is possilile for them to be. 

Although the author is not disposed to attach too much weight 
to the placenta as furnishing a dominant character for purposes 
of classification, yet he carmot but Chmic that animals which 
are tnegnllantoid, non-deciduatc, and with the villi diffused 
generally over the surface of the chorion, otfght no longer to 
be associated in the same order with animals in which, as in the 
apes, the jfac of the allantois early disappears, and the villi are 
concentrated into a special placental area., in which the foetal and 
maternal structures are so intermingled that the placenta is highly 
deciduate. Hence he is sf opinran that the Leomrs jou^t \o he 
grouped apart irom the Apes hi a ^eciaJ order, which may be 
named eitiier with Alphanee Milne Edwards Zriurcris, or with 
Victor Cams end others Eirvsim». 

The featus noMesaed «n amnolect oovermg, entemel to riie 
bmry coat, end quite andepenaent of the amnion, eomposed of 
a cuticuVar membme. it ocompanded the envelope 

naoMd by Weloker ^piirtckimm^ end deaaibed both by him and 
by the flutbor as pment m Sradypms and C/udatpm, Bat it 
oecuxred in ihe foetuB both of Lgimr joeMMeerffTim; and 
pHMms dutdema in tfinloes and patokcK, nod not as a continueitE 
eiwelape as in the blaths. 

nyelcal Society, May 26,— Mr. Shefford Bidw^Tl, F,R,S.* 
Vice-Fresident, in the chair.— The following ccnnmimications 
were read Note on the governing of dectromators, by ^ofs. 
W. jE. Ayrton and 7. Peny, In a paper read before the Society <rf 



Telegraph-Engineerfi in 1S82 the authors deduced :the condlrious 
of sdf-regulaiion of electromotors for varying Ined when 
plied either at oonsUnt imtential or with oonstant current. Tne 
conditions involved “differential winding/' j.r. the use of a 
shunt motor with series demagnetizing coiU. With tbU arrao^C' 
ment fairly good regulation has been obtained, but owing to 
want of economy the methods have not been developed former^ 
.Since then another arrangement, ip which a simple sh^t motor la 
used, and a few Bcaimulators placed in series with the armalurCi 
has been devised for working in a conjstant current system. By 
means of a suitable switch, the accumulators can be charged 
when the motor U at rest On the ossuatptian that tiu; 
E.M.F. of motors is given by K ap n(p -f- rZ), where n a speed, 
Z = number of turns on magnets, and / and / are constants, 
it is shown that the speed at which a motor will govern Is 
given by 

3 -I- rt 

H ts , 

and the constant current 



where z and a are the resistances of the shunt and armatuie 
respectively, and e and a' the E.M.F. and resistance of the 
accumulators. Since a and a' may be small and w/ not large, th« 
value of e need not l>c great to give a considerable value for C, 
and thus only a small number of accumulators will be required* 
— On the formulre of Bernoulli and llaecker for the lifting- power 
of mjmnels, by Prof. S. P. Thompson, read by Prof. Perry. 
The formulae referred to are P « P = re- 

spectively, where P .33 Ufimg^power, W = mas^ of magnet, and 
a a constant depending on the material and shape of the magnet. 
These formulae, the author shows, ain; eituivalent to saying that 
the lifting-power of magnets in which the magnetic induct ion« 
B, has been carried to an eaual degree, is proportional to the 
polar surface, and that llaecker’s coefficient a is proportional to 
through the surface. Assuming the induction uniform over 
the surface, it is shown that 


where A ss area of surface, and this gives a very convenient 
method of determining B from measurements made upon the 
puU exerted at a given polar surface. If P be measured in 
kilogrammes and A in square centimetres, the formula for B 
becomes 

B 5000 ; 

and if the measurements be made in pounds and inches, the 
constant becomes 1317. It will be readily seen that the greater 
power of small magnets in proportion to weight does not require 
for its explanation the sometimes alleged fact that smaU pieces of 
steed can be more highly magnetiz^ than Ja^e ones, for if B 
be the same, the lifting-power will be proportional to the polar 
surface, and not to welgnt, and hence must necessarily be greater 
relatively to weight in smaff nv^nets. In the case of mentyo- 
megnets for inductions between 0000 and 16,000, between which 
the permeability, is approximately given by 


u « 16, OOP - B 

3 » 

the Bfting-powcr is shown to be 




where P is in Idlogratmnes, A in square centimetres, S<w ampere 
turns, and f = mean length of the magnetic circuit,— Experi- 
mcnis on Electrolysis ; Part ii., Irreciprocal Conduction,^ bylilr. 
W. W. Haldane Gee and Mr. H, Holden. An abstract was 
reed by the Secretary, The authowhave observed, when atroiw 
sulphuric add is used as an dedfolyfce, the electrodes 
platinum, that the decomposition oearH ceases, if, hy deeraasitiyg 
the resistance in drcuh, it is attempted to kereoae the current 
b^ond n certain maximum. When this condition (called the 
insulating condition) is arrived at, revemfng the current 
diatety restores the conductivity. Experiment shows that . 
current densSty is an important Actor, and dutt the comporitfatv 
I Irr«apcM«lAflon^tlOs,is sai4ao^r/ifaeswi^ 

cumnt oawvs any riiang e Id itt ina^ahiidt. 
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vUtoyity, and tcttiperoture of the electrolyte, as welt as the 
previous history of the electrode, have considerable influence on 
the Current density at which the insulating condition occurs. 
The seat of the Insulatln r layer U found to be at the anode ; and 
the authors believe it due to very concentrated acid formed 
around the electrode, whose specific resistance is very high. 
Experiments were also made with carbon and gold electrodes 
ana phosphoric acid, caustic potash, soap, and sodium benzoate 
wei'e assQ as electrolytes, the results of which seem compatible 
with the conoerttraiion hyj)othesis above stated. The paper 
contains an historical and critical account of allied phenomena, 
and tables expressing the numerical results obtained by the 
authors are ^iven. ^ 

Linnean Society, June 7. — Mr, Carrulhers, Piesident, in 
the chair.— ‘The followim? were nominated Vice- Presidents : 
Mr. F. Crisp, Dr. Maxwell Masters, Dr. John Anderson, Mr. 
C. B. Clarke. — An exhibition under the microscope of decalcified 
and stained portions of the lest of Laganum depressum was then 
given by Prof. Martin Duncan, who made some very instructive 
remarks on the structural characters to be relied on for discrim- 
inating the species, ^ — Mr. D. Morris, of Kew, exhibited some 
drawings of a Fungus {Exifbasidium) causing a singular distortion 
of the leaves of Lysnia^ from Jamaica.— A pviper was then read, 
by Mr. H. N, Ridley, on the natural history of Fernando 
Noronha, in which he gave the general results of his investigations 
into the geology, botany, and zoology of this hitherto little 
explored island. 

Royal Meteorological Society, May 16. — Dr. W. Marcet, 

F. R,S., President, in the chair. — The following communications 
were read ; — Report of the Wind Force Committee on experi- 
ments with anemometers conducted at Ilcrsham, by Mr. 

G. M. Whipjde and Mr. W. II. Dines, A wnirliiig 
apparatus, wdlh arms 29 feet radius, was rotated by means of a 
small steam-engine. On the arra^ of the wliirlcr four different 
anemometers were i: 4 aced. Each experiment lasted fifteen 
minutes, the steam-pressure remaining constant during the run. 
For the Kew standard anemometer, with arms 2 feet long, the 
experiments give a mean value for Robinson’s factor of 2*15; 
and for two smaller instruments the factor is 2*51 and 2*96. 
Mr. l')me’s helicoid anemometer gave very satisfactory results, 
the mean factor being 0-996.— On the measurement of the 
increase of humidity in rooms by the emission of steam from the 
so called bronchitis kettle, by Dr. W. Marcet, F.U.S. The author 
described a number of experiments which he had made by steam- 
ing a room with a bronchitis kettle, and aacertaining the rise and 
fall of the raUtive humidity from readings of the dry- and wet- 
bulb thermometers, lie found that the air in the room could 
not be saturated, the relative humidity not exceeding 85 per 
cent. 

Entomological Society, June 6.— Dr. D. Sharp, President, 
in the chair. — Mr. Poscoe brought for exhibition a book of fine 
Utes of MantidiX^ drawn by Prof. Westwood, which it had been 
oped would have been published by the Ray Society. — Mr. F.. 
Saunders exhibited a species of Hemi^era, Monanthia mgustata, 
H-S., new to Britain, which he had captured by sweeping, near 
Cisbury, Worthing. The insect is rather closely al lied to the com- 
mon monanthia cardui^ X.. — Mr, McLachlan exhibited a species 
of HaHicid^s^ which bad been sent him by Mr. D. Morris, Assist- 
ant Director of the Royal Gardens, Kew, who had received them 
from Mr. J. 11 . Hart, of the Botanic Gardens, Trinidad, with a 
note to the efi^t that they had attacked young tobacco and egg- 
plants badly in that island. Mr. Jacoby had, with some reserve, 
given as his opinion that it might possibly torn out to be Epiirix 
THuata^ Duv., a species which had been described from Cuba. — 
The Rev. H. S. Gorham exhibited a coKeefion of beetles lately 
captured in Brittany including Diachromus germanus^ L., 
tawrusy L., HisUr sinuatm^ 111 ., and other 
mclei which are exceedingly tare, or altogether wanting in 
Britain, and yet occur very commonly in the north of France. — 
Mr, \^ke exhibited living larvm of MndromU versicphra^ 
from near Bristol, and remarked that when quite young they are 
nearly black, owing to being very thickly spotted with (hat colour ; 
the body*colour is green, and wler two or three changes of skin 
the spo^ disappear, Mr. White also exhibited two preseiwed 
larvae of Mpfvdcsma which he had leceirtly taken, 

ihd made some remarks canoeming the so-called ** case, which 
tMs UuteotXf jaM to construct &oin the leaves of Us food-pkmt, 
monfswa. This ha did not considar to be really a 
but he had discovered that the Urva possessed on its 


segments certain secretory glands, at the apex of each of which 
there is a bristly hair ; this i^enrs to retain pieces of the jdant, 
which arc probably fixed firmly afterwards by means of the 
secreted fluid. These pieces are very irregularly distributed, and 
their purpose does not seem quite evident. — Mr. Lewis exhibited 
about three hundred specimens of the genera JfNarius, Er., and 
EretmotuSf Mars. The most remarkable of these was ffetanus 
acHtangtiiuSf Lewis, discovered Ust year by Mr. J, J, Walker 
near Tangier, and recently taken by him at San Roche, in 
Spain. 

Paris. 

Academy of Scie^es, June ii. — M. Janssen, President, in 
the chair, — A stydy-W the refrigerant mixtures obtained with 
solid carbonic acid, by MM. Cailletet and E. Colardeau, These 
researches seem to snow tlut the ether generally used in com- 
bination with snow and carbonic acid for the purpose of obtain- 
ing intense cold, plays a much greater part than has been 
supposed in lowering the temperature of the mixture. — Repre- 
sentation of the atuiudes of human locomotion by means of 
figures in relief, by M. Marey. The figure of a runner at a given 
moment is here reproduced from a relief obtained by M. Engrand 
by means of the photochronograph. It is pointed out that a 
continuous series of such figures, obtained by this process, would 
be of great service in determining for artists and physiologists the 
successive changes of attitude in running and walking. — Deter- 
mination of the me.in level of the sea, by means of a new 
iiistrament, by M, Ch. LalJemand. In a previous note {CotnpUs 
rcthiiis^ May 28, 1 888) the principle was described of this appara- 
tus, which is here figured and naniH the f?icdimaremeUr. It 
gives the mean sea level without any mechanical adjustmenK, and 
almost without the need of calculations — On the artificial 
reproduction of hydrocerusite, on the chemical composition of 
this mineral Species, and on the constitution of white lead, by 
M. L. Bourgeois, These synthetic researches throw much 
light on the hitherto problematical nature of hydrocerusite, as 
well as on the constilii'ion of white lead (ceruse), in which the 
author distinguishes only two definite svtbsiances, both existing 
in nature — hydiocenisiie and cerusite. Analysis shows that the 
formula of the artificially prepared hydrocerusite is 3PbO,2COg, 
HO, or 2(PbO,COg) -I- PbO,HO, which is no doubt that of 
the natural substance also. — On the variations of the personal 
equation in the measurement of double star?;, by M. G. Bigourdan. 
7 'hicle supposes that the personal equation of each observer remains 
somewhat constant during a *' season of obsei^^atioos,” and then 
takes a different value for another period, the duration of the 
“seasons” varying from a few days to several months. But 
according to Struve these variations are rapid, occurring in a few 
hours, and lasting only a single night. The observations of the 
author tend to show that .these apparently contradictory views 
are capable of being reconciled, botn being to a certain extent 
true.— On the determination of some new rings of Saturn lying 
beyond those already known, hy Dom Laitiey. These were first 
vaguely perceived by the author in 1868, and have been repeatedly 
observ'ca since February 12, 1884, with the !6 cm. refractor 
in the clearer atmosphere of the Grignon Observatory. They 
are four in number, and are visible os well-defined elliptical 
rings in the regions intermediate between Mimas and Titan, first 
and sixth satellites of Saturn, The semi-diameter of the planet 
being taken as r, the semi-diameter of the rings, measured from 
the middle of the most intense region, tvould be 2*4$ ± 0*05 ; 
3*36 :t 0-02; 4 90 ±0-50; 8*17^0*23. They were also 
independently observed by two of the authors fellow-workers, 
and cannot therefore be explained away as optical illusions due 
to the terrestrial atmosphere or any other sources of error.— On a 
point in the history of the pendulum, by M. Defforges, with 
remarks by M, C. Wolf. In connection with KateFs memoir 
of r8i8, presented to the Royal Society, on the *' convertible ” 
pendulum, and his repudiation of de Prony's claim to priority of 
invention, M. Defforges announces the discovery of some 
documents in the Ecole des Poms et Chaussdes fully confirming 
de Prony’s claim. M. Wolf, however, points oat that these 
documents (undated, but no doubt written in ito)) were never 
published, and certainly unknown both to Bohnenberger when he 
announced the project of a pendulum with reciprocal axes (1811), 
andj to Kater when he rejected de Prony’s claim to priority of 
invention (k8iS)« Hence, although de Promr now appears 
to have been the precursor, the rights of Bohnenberger and 
Kater remain Intact as tBscovetem of the mindples to which 
is dtid tm reyohrUon e(focfted tn the imsemtiotis of the 
pendulum durhig the present centuiy.— On a correccion to 
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be made in Reg^anU's determinations of the weight of a 
litre of the elementary gases, by M, J. M. Crafia. The 
error already pointed out oy Lord Rayleigh is here corrected 
for air, N, H, 0 i and CO^. — Experiments with a non-oscillating 
pendulum, by M. A. Boillot. It is shown that the oscillating 
pendulum, which in Foucault’s experiment demonstrates the 
movement of the globe, may be used for the same demonstmtion 
by suppressing the oscillatory action and operating in a room.* 
Measurement of the velocity of etherification by means of electric 
conductors, by M. Negreano. A process is explained for measur- 
ing the rapidity of the chemical reactions which take place 
between certain resisting bodies at th» moment their electric 
resistances become varied. These resistances have been measuretl 
accerding the method indicated by Lippm' 5 nn-(r-On a diamanii- 
ferouB meteorite, which fell on September 10/22, 1886, at Noyo- 
Urei, in the Government of Penza, Russia, by MM. lerofcieff 
and Latch inoff. Analysis of this specimen, weighing 1762 gr., 
shows that it contains i per cent, of very fine carbonado, or 
diamond dust, besides i'26of amorphous carbon. The other 
chief substances were— peridot, 67 48; pyroxene, 23*82 ;^nd 
nickled iron, 5 ‘45. 


Peru n. 

Physical Society, June i. — Prof, von Helmholtz, President, 
in the chair. — Dr. Lummergavean account of ex|>eriments which 
be had made on the determination of the focal length of lenses 
by the method of Abbe in Jena. The method is based upon the 

equation / = — ^ — ; where /is the focal length, a the distance 

of two objects from the lens, and the respective magnifica- 
tions of their images. The speaker discussed first the way by 
which Abbe had arrived at the above equation, and then went 
thoroughly into an explanation of the methods for measuring the 
amount of magnification of the images. It must suffice here to 
say briefly that the magnification was measured by a microscope 
directed along the principal axis of the lens, and at right angles 
to its surface, the microscope then being moved backwards and 
forwards, until the upper and lower ends of the image were 
visible. Prof, von Helmholtz explained that during his physio- 
logical-optical researches he had already determined tlie focal 
lengths of lenses by the measurements of the magnification, in 
accordance with the formula given above, admitting at the same 
time that his methods were perhaps less exact.— Dr. Lummer 
then gave an abstract of a paper on the movement of air in the 
atmosphere, which he had recently read before the Academy of 
Sciences. In solving the problem, he had mode use of the 
principle of mechanical similarities. When the hydrodynamic 
equation for a given motion is known, it is only necessary to 
multiply all the factors by n in order to represent the motion in 
much larger dimenstons. Accordingly if the conditions of the 
occurrence of air currents, such as take place in the atmosphere, 
have been experimentally determined m the laboratory for i 
cubic metre of air, and if the atmosphere is assumed to be 8000 
metres high, then the space, time, and moment must be 
multiplied by 8ocx>, while on the other hand the internal friction 
must be taken as being only 1/8000 of that which has been 
determined by experiment. It follows from this that the 
internal friction is of very small account ; but as against this, the 
friction of the earth's surface has a considerable influence and 
cannot be neglected. Supposing a mass of air moving horizon- 
tally is consi&red, then a scries of particles* of air, which were at 
the outset vertically each above the other, will finally place them- 
selves aloM a curve of sines as the result of friction at the earth’s 
surface. Calculation shows that it would require a period of 
42,000 years before the motion was reduced to one-hidf as the 
result of internal friction. The speaker then considered the atmo- 
sphere as made up of rings of air which surround the earth in 
coincidence with the parallels of latitude : each of these rings of 
air has its own moment of rotation, which depends on its radius, 
and is therefore ^ateat at the equator and least at the poles. 
If the air which is streaming upwards at the equator were to 
stream down again to the earth in higher latitudes, it would be 
moving with a velocity far exceeding that of any known storm, 
even at the latitude of 30*, Since the internal friction of 
the air is so small that it mw be neglected, the speaker 
proceeded to point out the other iactors which have on inflaepce 
m slowing down the air as it falls. He regards them os being 
the vortex motions which take place in the atmosphere at the 
iscominttoos Effaces of two masses of air moving with diflerent 


velocities. These vortex motions cause the odjoinir^ layers of 
the two masses of air to mix, and thus diminish their velocity. 
This is the explanation of the calms, trade-winds^ sub-tropical 
rain«, and other phenomena which occur in the atmosphere. It 
would occupy too much space to give even a brief statement of 
how these conclusions are arrived at. 
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THURSDAY, JUNE 28, 1888. 


THE EARLY CORRESPONDENCE OF 
CHRISTIAN HUYGENS. 

(Etivres ComflUes de Christian Huygens publi^es par la 
SodiU Hollandaise des Sciences. Tome Prem i er : Cone- 
gpondance 1638-1656. (La Haye : Martinus NijhofT^ 
1888.) 

N ever before, we venture to assert, even in this age 
of “ complete editions,’’ has so colossal a literary 
monument been raised to the memory of a great man as 
the edition of the works of Christian Huygens, of which 
the first instalment now lies before us. In a huge and 
splendid volume of 621 quarto pages, is contained the 
correspondence, from his ninth to his twenty-eighth year, 
of the “ young Archimedes,” as his friends delighted to 
call him. Yet out of 2600 documents in the hands of the 
Commission charged by the Amsterdam Academy of | 
Sciences with the superintendence of the publication, 
no more than 365 have as yet been printed- Seven ad- 
ditional tomes, at least as massive as that just now issued 
from the press at the Hague, will be needed to bring to 
completion the initial section of the comprehensive record. 
The works of Huygens, edited and inedited, will follow, 
with an elaborate biography, so that we may safely assume 
that the present century will not see the cod of an enter- 
prise the pecuniary responsibility of which has been 
generously undertaken by the Scientific Society of 
Holland. 

We have nothing but praise to accord to the manner in 
which it has so far been conducted. All selective diffi- 
culties were indeed spared to the Cornmissior ; for the 
collection at Leyden was of such exceptional value that 
their resolution to print everything it contained admitted 
of no cavil, and was arrived without hesitation. Room 
was, however, left for discretion as to the manner of pre- 
senting to the public the materials at their disposal ; and 
it has been wisely exercised. The notes are elucidatory 
without being obtrusive ; the prefatory remarks are. few 
and to the point ; the indexes (of which there are no less 
than five) afford a satisfactory clue to a labyfinfh of 
dose upon four hundred letters in Latin, PYench, and 
Dutch, miscellaneoqs in their contents, and necessarily 
chrondogical in their arrangeinent They are of great and 
varied interest. Scientific history, the dispositions and 
modes of thought of “ men of light and leading in the 
seventeenth century, the manners and customs of the 
time, are all in turn illustrated by them ; above all, their 
perusal offers singular advantages for studying the develop- 
ment of the powerful and active mind of the protagonist 
in the life-drama they partially unfold. 

Christian Huygens was bom at the Hague, April 14, 
1629. Every educational advantage which the age could 
afford was showered upon him. His father, Constantine 
Huygens^ was distinguished as a statesman, a poet, a man 
of letters, and a musician. Himself a product of the 
most varied culture, he desired that none of the brilliant 
faculties early apparent in his two cider sons should rust 
in disuse. They were accordingly taught to sing and 
play the lute as well as to compose Latin verses ; they 
VoL. xxxvm.-^No, 974. 


attended the juridical lectures of Vinnius, and studied 
mathematics under Van Schooten ; they were accom- 
plished in dancing and drawing no less than in Greek, 
rhetoric, and logic ; they travelled to see the world and 
improve their manners ; they could, as occasion required, 
play the courtier, or work as skilled mechanics. The 
native turn of each was, however, different. Constantine 
excelled in the lighter branches of literature ; Christian 
promptly shot ahexd of him in geometry. Study and in- 
vention wen^ him, in this direction, hand in hand. 
Before he was seventeen, he had begun to strike out 
original lines of investigation, and the promise of these 
juvenile essays was discerned, among the first, by 
Descartes. Mersenne about the same time opened a 
correspondence with him, and predicted for him greatness 
beyond that of the lowering figure of Archimedes. 

He made his dibut in print in 1651 with a treatise on 
quadratures, to which he appended a refutation of the 
theorems on the same subject of Gregory of St. Vincent, 
with the unusual result of gaining (besides many admirers) 
a friend in the person chiefly interested in the controversy. 
The little book was received with acclamations of praise. 
At once and everywhere, the genius <of its author was 
acknowledged. The mathematicians of France, England, 
and Germany vied with those of Holland in doing him 
honour. He was lauded as “ Vieta redivivus,” placed on 
a level with Pappus and Apollonius, hailed as the great 
coming light of science. Yet it was not in pure mathe- 
matics tliat his brightest laurels were to be gathered. 
Many lesser men did more to help on the great revolu- 
tion in method which signalized his age. He remained, 
throughout its progress, constant to the ancient models, and 
looked on, indifferent or averse to changes the full import 
of which he failed to realize* His extraordinary ability 
was, however, never more conspicuous than in his suc- 
cessful grappling with problems— such as that of the 
isochronous curve — unapproachable by geometers of a 
more common- place type without the aid of the calculus ; 
and there is reason to think that, had he lived longer, he 
would have reinforced his powers by its adoption. It 
appears from a letter of Leibnitz to him, of October r, 1693, 
that he was just then, eighteen months before his death, 
“ beginning to find the convenience ” of the infinitesimal 
mode of calculation, and had gone so far as to express 
publicly his approbation. 

The most interesting part of the correspondence now 
before us refers to Huygens’s observations on Saturn. 
As early as November 1652, we find him making in- 
quiries as to the best manner of preparing and polishing 
lenses. Assisted by his brother Constantine, he prosecuted 
the subject with a diligence for which he half apologized 
to his learned friends, and which produced unwelcome 
gaps in his communications with them. By the com- 
mencement, accordingly, of 1655, he was in possession 
of a telescope of 12 feet focal length, undoubtedly the 
best produced up to that date. It showed him, not only 
the phases of Venus and the satellites of Jupiter, but— 
March 25, 1655— “aliud quid mcraorabile,” unseen by 
Fontana or Hevelius, namely a Saturnian moon, after- 
wards named Titan, the sixth counting outward from the 
planet, the first in order of terrestrial detection. He con- 
cealed and endeavoured to secure his discovery, after the 
fashion set by Galileo, in an anagram which was widely 
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cifcul«ted, lend ejqpetinded in the following year. The 
pf«caiftion WKS nevertheless msufificiicnt to |»rei^iit a daini 
to ’priority being put forward. Dr. Wallis^ the Savilian 
Prafemr Geometry, prepared on behalf of his friends 
Wren and Ncilfe, a storage- battery of fame in the shape 
of a counter-anagram, which — if Huygens’s private notes 
are to be relied upwwi — he fraudulently interpreted as an 
annoimccincnt similar in purport to t^t imparted to him 
from the Hague. Some unexplained cir^mstance possibly 
underlies a transaction on the face of iriiigijly discrcdil- 
ahle to our countrymen. The pretensions of the English 
obeervcTS were at any rate quickly and quietly withdrawn, 
and Huygens was left in undisturbed enjoyment of the 
credit most justly due to him. 

Shortly after his return from Paris, late in 1655, he 
constructed a telescope of 23 feet, magnifying one 
hundred times ; and the compaiison of the observa- 
tions it afforded him with those of the previous year 
enabled him at once to penetrate the mystery of Saturn's 
enigmatical appendages. His hypothesis as to their 
nature, wrapt up in the customary logogryph, was np- 
pwded to his little tract on the Saturnian satellite, with 
an accompanying prediction of the future changes of 
figure to be expected in the planet. Its verification, how- 
ever, falls outside the limits of the publication we are at 
present concerned with. Nor docs it include any mention 
of the novel sight disclosed to Huygens by his improved 
mtrtrumcnt in the constellation of Orion, wlwre a certain 

hiatus” in the fninament pennilted (as he supposed) 
the pure, faint splendour of the empyrean to shine through 
on his amazed vision. 

Huyg-ens had an emhaently sane and sagacious mind. 
His fortunate intuitions w^re numerous, and the inves- 
tigations they suggested were singularly solid and com- 
plete, A great part of his work was thus fitted to be, and 
has actually become, the substructure of tire modern 
scientific edifice. He was, however, less happy in the 
few cases in which, relaxing his habitpal piudence, he 
gave the rein to speculation. His prevision that the 
measure of discovery in the solar system was filled by the 
di-sclosure of Titan, was belied with scarcely civil haste 
by Cassini’s further detections hopelessly overthrowing the 
nunrerical balance between six primary and six second- 
ary bodies. And the surmises w^hich constituted the bulk 
of his “ Cosmotheoros ” were, for the most part, infelicitous. 
Yet he reprehended, as woven out of figments, the Car- 
tesian theory of the origin of the universe, and concluded 
with the wise and memorable words “ To me it would 
be much if we could understand how things actually are, 
which we are far enough from doing. How they were 
brought about, wdiat they are, and how begun, I believe 
to be beyond the range of human ingenuity to discover, 
or even by conjectures to approach.” 

A. M. Clerke. 


NOKWEG/AN GEOLOGY, 

B'ommeloen og Karmbcn med Omgivelsen Geologic 
beskfcvne af Dr. Hans Reusch. (Kristiania : Published 
by the Geological Survey of Norway, 1888.) 

'T^HE attention of geologists in all parts of the world 
has for some years been concentrated upon the 
crystalline schists, which have so long presented Insuper- 


able difficulties to those who would explore their origin. 
Little by little lhe darkness has been rising from these 
ancient foundation stones of the earth’s crust ; and 
though a long time must probably still elapse before their 
history can be even approximately sketched, there can 
be no doubt that we are now at last on the right road of 
investigation. Fresh evidence is* continually being ob- 
tained from the mo^t widely-separated regions, and each 
additional body of facts goes to support the view that the 
schistose rocks are the records of gigantic terrestrial 
displacements, whereby portions of the crust have been 
pushed over each other, and so crushed and deformed as 
to acquire new internal rock-structures. Out of these 
mechanical movements, with their accompanying che- 
mical transformations, a true theory of metamorphism 
will no doubt eventually be evolved. In the meantime 
it is too soon to generalize ; wbat we need is a far larger 
mass of observations. The subject is a wide one, for it 
involves the labours of the field-geologist, the petro- 
grapher, the mineralogist, the chemist, and the physicist. 
And only by the united exertions of these fellow-workers 
can we hope for good progress and solid reiults. 

The most recent contribution to the question of the 
origin of the crystalline schists has just appeared in the 
form of a handsome volume, by Dr. Hans Reusch, on 
the lldmmel and Rann Islands off the mouth of the 
Haidanger Fjord. It consists of a mass of detailed ob- 
servations on the structure of the crystalline rocks of tliat 
pajt of the Scandinavian coast, and furnishes an admir- 
able array of fresh data for the study of tl^e problems 
of regional metamorphism. Dr. Reusch’s previous re- 
searches on the compressed conglomerates and meta- 
morphosed fogsiliferous rocks of the same district were 
of the utmost value in the discussion of the question, 
and he now augments these by new details from the 
surrounding region. 

Especially important are the numerous illustrations of 
the effects of pressure and stretching in the production 
of tlKJ well-known structures of the crystalline schists. 
The strangely deceptive resemblance to stratification 
resulting from these processes is exhibited in many ex- 
amples. Excellent instances are likewise given of the 
production of foliation in dykes. Eruptive diabases and 
gabbros are shown to pass into dioritic rocks, and horn- 
blendic schists and granite into various foliated c<wn- 
pounds. More novel features of the essay are the 
careful studies of the deformation and foliation of what 
were unquestionably at one time ordinary sedimentary 
deposits— sandstones, conglomerates, and limestones. It 
is shown, fox instance, that in a mass of still recognisable 
conglomerate the planes of stratification arc cut across, 
almost at right angles, by those of foliation, while the 
lines that mark the direction of stretching or defarmatkai 
slant upwards across the latter. 

Dr. Reusch brings forward some remarkable observa- 
tions regarding the connection between cottgiomenites 
and granitic rocks. He thinks that in some places wdmt 
is now granite has resulted from the metamorphism of 
what was originally a breccia or conglomerate composed 
of fragments of granite, gneiss, quartzite, and quaite. 
The quartzite and quartz, being less liable to 
remain still vieible, while the granite gneias 
passed into common granite, la another lochiity 
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finds what he bdieves to be evidence of the pas- 
sage of a conglomerate into augen -gneiss. Without 
in any way calling in question the accuracy of his 
observations, a geologist who has had much expe- 
rience among the crystalline schists in districts where 
great tbrust^planes and other proofs of pou^erful dis- 
placements prevail, will recall examples of breccias that 
might at first be taken to be sedimentary masses, but 
which have eventually proved to be portions of rocks 
crushed during the disturbances that produced the 
schistose structure. Coarse pegmatites, fur example, 
may be traced through various stages of comminution, 
until they pass at length, along the plane of movement, 
into finely fissile rocks, that in some cases might be mis- 
taken for shales, in otlicrs for eruptive rocks with the 
most exquisitely developed flow-structure. The “eyes” 
in some augen-gneisses are almost certainly fragments 
resulting from the crushing of largely crystalline rocks, 
such as coarse pegmatites. 

Dr. Rcusch shows that in Scandinavia, as in the north- 
west and north of the British Isles, the axes of the great 
terrestrial plications run, on the whole, from north-east 
to south-west, and that as they have involved Upper 


star. While he possesses most of the requisites of a 
successful traveller — a love of adventure, an insatiable 
curiosity, indomitable patience, and extraordinary powers 
of endurance — he lacks, on the other hand, just those 
qualities which would have smoothed his journey and 
made his life more comfortable. He is a man, by his own 
confession, of blunt and plain speech, improvident and 
forgetful, with an old world belief in the falsity of 
Mohammedanism and the Koran, and the iniquity of 
countenancing even by a politic word. His 

explorations fOok place at the time of the war between 
I’urkcy and Russia, when the fanaticism of the Moham- 
medans of Arabia was excited to the utmost, and he had 
to leave Damascus at the outset of his journey w'ithout 
any letters or help from the British Consul. The latter, 
indeed, declared that “ he had as much regard of ” him, 
would he “ take such dangerous ways, as of his old hat.” 
It is no wonder that Mr. Doughty complains of conduct 
which caused him “ many times come nigh to be foully 
murdered.” 

His explorations were conducted in Central Arabia, 
a country which is less known than Central Africa. 
He accompanied the Mecca pilgrims as far as “the 


Silurian strata in their folds, the movements must be of 
later date than some part, if not the whole, of the Upper 
Silurian period. His essay is most welcome as a valu- 
able contribution to one of the most perplexing problems 
in geology. It once more shows him to be a carefvi! and 
intrepid field- geologist, and, at the same time, a skilful 
worker with the microscope. This combination of quali- 


j kella” or fort of Medain, where he lived with the Turkish 
I garrison, visiting from time to time the ruins of Medain 
' Salihh, and taking sciueeres of the Nabathean inscrip- 
I tions there. After some months lie joined the nomad 
I Beduin, and wandered with them in various directions^ 
visiting the lava crags on the west and Teyma on the 
I north-cast. Eventually he made his way to Hdyil in the 


fications fits him in a special manner for the researches to Nejd — a ccntic of Wahabi fanaticism — where a sort of 
which he has devoted himself with so much ardour and settled government was established under Ibn Rashid. 


success. His volume is copiously illustrated Nvith figures i 
in the text, and a selection of coloured geological maps. 1 
English geologists will also welcome in it a copious i 
English summary of the contents. We may confidently j 
predict that, before long, some of his drawings will be ' 
reproduced in the text-books as standard representations ; 
of the facta of regional metamorpliism. A. G. j 


TRAVELS IN ARABIA DESERTA, I 

Travels in Arabia Deserta, By C. M. Doughty, 2 Vols. 
(Cambridge: University Press, i888.) 

M r; DOUGHTY'S book takes us back to the age of 
the old travellers. His wanderings were in countries 
where not only no European had preceded him, but 
where he had to travel with his life continually in hh 
hand. He travelled alone, and without any of the equip- 
ment widch the modem explorer considers a necessity of 
existence, living with the Beduin of the desert, and 
sharing with them their wretched subsistence. Even 
the style in which he writes is a style in which it is safe 
to say no Englishman has written for the last two 
hundred years, and while it attracts us by its quaintness 
it makes us not unfrequently wonder what is exactly the 
author's meaning. Indeed^ were it not for the very 
exceUttttt index, it would often bo aknost impossible to 
find one's way through the labyrinth of Mr. Doughty's 
sentences or to ascertain the exact chronoio^ of his 
route. 

Mt. fitoughty seems 10 have beetr bora undter an evil 


From Nejd he was forwarded, along with some Beduin, 
to Kheybar, not far lo the north of Med inch, where he 
found himself once more within what was nominally 
Turkish territory, and was arrested as a spy. Released 
after a while, he was sent back again, for reasons w'hich 
aic never explained, to H/iyil, and here his troubles began. 
The people of the place would not receive the Christian 
stranger a second time ; his Beduin escort were afraid 
of bringing him back to Kheybar, and after a series 
of misadventures he was finally deserted near Aneyza, a 
town considerably to the south of Hdyil, The governor 
and leading merchants of Aneyza fortunately befriended 
him, and he at last found his way to Taif and jedda, 
though not without being first stripped of the little that 
still belonged to hira, and narrowly escaping with his life. 

Mr. Doughty was a careful obser\'cr, and he has not 
only made important additions lo our geographical know- 
ledge of Arabia, but also to our geological knowledge of 
it. The inscriptions he obtained at Medain Salihh and 
elsewhere have been published by the French Govern- 
ment, and important inferences have been drawn from 
them. "J'hey prove not only that a powerful and civilized 
State existed in this part of Arabia far on into the 
Christian era —a fact which was aiready known— but that 
this State was Nabathean in its language and character. 
M, Berger has come to the conclusion that before the 
rise of Mohammedanism the Arabic of the Koran was 
the language of Mecca only and the amrounding district, 
the Nabathean with ita Aramaic affinitses prevailing in 
the northern part of Arabia, and the Himyaritic in the 
south. It seems clear, at all events, that the Nabathean 
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and HimyariCic civilizations once adjoined one anotheri 
and that their overthrow marked the triumph of the Beduin 
children of Ishmael. Since Mr. Doughty’s travels, Prof. 
Euting and M. Huber (who was afterwards murdered 
by the Hharb Arabs) have visited Medain Salihh and 
Teyma, and carried away with them a large number 
of valuable inscriptions. One of these, on a stel6 
discovered at Teyma, is now in Paris. 

It is interesting to find Mr. Doughty confirming the 
statement that the final n of classit^l Arabic is still 
pronounced in ilie Nejd. His remarks oiwthe diseases 
prevalent among the natives arc also curious, though it is 
difficult to believe that the ophthalmia from which he had 
himself suffered is due to drinking cold water before 
going to bed. Everyone, however, who has had much 
experience of the Beduin will agree with the character 
he gives of them. The Egyptians have a proverb : ** He 
who shows a Beduin the way to his door will have 
long sorrow " ; and the traveller is unfortunate who is 
compelled to intrust himself to their tender mercies. 

A. H. S. 

OUR BOOK SHELF, 

Claris showing the Mean Barometrical Pressure over the 
Atlantic^ Indian^and Pacific Oceans. (London : Published 
by the Authority of the Meteorological Council, 1888.) 

These charts are issued in the form of an atlas, and 
deal in a very complete manner with the barometer means 
and range of all oceans. The months for which separate 
charts are given are February, May, August, and 
November, which have been selected to represent the 
mean values for winter, spring, summer, and autumn 
respectively in either hemisphere. In addition to the 
large charts, which give the material in considerable detail, 
there are four index charts, on a smaller scale, which 
exhibit for the same months the isobars, or lines of equal 
pressure, over the entire globe. These are followed by 
four charts, on the same scale, showing the range of 
barometrical pressure. The observations have been 
derived from logs and documents deposited in the 
Meteorological Office ; logs and remark-books of Her 
Majesty’s ships, furnished by the Admiralty ; published 
narratives of various voyages, and various published results 
of other nations ; also observations at coast stations and 
islands obtained from all available sources. The number 
of observations obtained from the Meteorological Office 
logs for the several oceans are; the Atlantic Ocean, 339,300; 
the Indian Ocean, 162,000; the Pacific, 88,300, 

The barometrical means are given in large fic^res for 
areas of 5® of latitude by 5® of longitude, ana for the 
benefit of those who require the material in gi^ater detail 
smaller figures are given to show the means for areas of 
2® of latitude by 2" of longitude, the several means being 
obtained from the daily averages. The range to the 
nearest tenth of an inch for each 5“ area is placed over 
the mean for that area, and the number of observations 
under it ; so that the charts not only supply the navigator 
with all the detail he is likely to require, but afford 
opportunity of the values being combined by other com- 
pilers with material of a similar nature. The isobars are 
iven for each tenth of an inch, and the free use which 
as been made of the barometrical values for the coast 
stations greatly enhances the degree of dependence of 
the several lines. To facilitate the use of the charts for 
the navigator, the observations are corrected for a 
constant altitude of n feet above the sea, and are reduced 
to 32* F., but are not corrected for gravity ; a table is, 
however, given on the face of each chart to facilitate 
this correction. 


The general charts which give the isobars of the globe 
show very conspicuously the prevalence' of high-pres- 
sure areas in each ocean in each of the four seasons. 
Change is of course shown in the distribution of pres- 
sure, but there is the same tendency to the persistency 
of high reading. It is seen that these areas oscillate and 
alter somewhat in intensity with the season, but there 
are many characteristics in common. The northern 
Indian Ocean, which is much more surrounded by land, 
is, however, an exception, the high pressure being situated 
over the northern part of the ocean, in November and 
February, and decreasing southwards ; whilst in May 
and August the pressure is lowest in the north and 
increases southwards, this change being intimately related 
to the monsoon winds. The charts of range show well 
the influence of season, the largest differences occurring 
in the winter months in each hemisphere. In February 
the range to the west of the British islands is 2*0 inches, 
whereas in August it is only one-half as great The effect 
of latitude on the amount of range is very evident, the 
values near the equator being very small. These charts, 
which have been compiled by Nav.-Lieut Baillie, R.N., 
are considerably in advance of any previous work of a 
similar nature, and will materially aid in explaining the 
general circulation of the wind over the globe, barometric 
pressure and wind being so intimately co-related. 

Commercial Mathematics. (London; Longmans, Green, 
and Co., 1888.) 

This volume is the continuation of a series of books on 
commercial education, and specially adapted for can- 
didates preparing for the Oxford and Cambridge Schools 
Examination Board. Arithmetic is first dealt with, the 
first chapter consisting of an account of the decimal 
system in France. Moneys, weights, and measures, of 
Germany, Italy, Spain, Portugal, and Russia, are next 
discussed, followed by numerous examples ; and the first 
part concludes with a chapter on ** Exchange.” Algebra 
is the subject of Part IL, which extends as far as quadratic 
equations, including involution and evolution, and a 
chapter on the methods of testing algebraical results. 
The examples are very numerous throughout, and the 
book ought to be much in demand by the above- 
mentioned students and others. The volume concludes 
with a list of results of the various examples. 

A WanderePs Notes, By W. Beatty- Kingston. In Two 
Vols. (London; Chapman and Hall, 1888.) 

For about thirteen years Mr. Beatty- Kingston acted as a 
newspaper correspondent, and in this cap^ity he had to 
visit many centres of life on the Continent. In the 
present volumes he offers a selection from the innumer- 
able pen-and-ink sketches taken during his “ multifarious 
peregrinations.” The work, we need scarcely say, has 
no strictly scientific interest ; but it is fresh and amusing, 
and will no doubt give pleasure to many a reader who 
has never had an opportunity of seeing the places de- 
scribed in its lively pages. The author is particularly 
successful in the chapters devoted to Germany, where he 
seems to have had exceptional means of making himself 
acquainted with the characteristics of the various classes 
of the community. 

LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions 
ex^etsed by his correspondents. Neither can he under- 
take to returUf or to correspond with the writers of 
rejected manuscripts intended for this or any other pid 
of NATiTKa. No notice is taken of anonymous communi- 
cations,] 

The ** Sky-coloured Clouds” again. 

These clouds have reappeared. Last night was the first 
occasion I have noticed any very distinct display of them 
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thi^year; but I tirst saw them on June iz, and n^ain on the 
X4th; and I think I saw them on June 13 anti 17, but was not 
«nre. Previous to that, on May 15 and i6, the green sky, when 
the sun had set, wan of unusual brightness, showing, as I 
thought, a tei^dency to the formation of these clouds. Each 
summer they appear to be growing fainter since they were first 
generally noticed in 18B5. 

Tljis year’s observations were made in Cornwall, with (he 
exception of last night’s, which was at Sunderland. 

Sunderland, June 26. T. W. IIackuouse. 

Earth Pillars in Miniature. 

1 HAVE taken two photographs of an interesting specimen I 
obtained from the din's here. The stone is composed of very 
fragile sand-rock containing fragments of flint, A large mass 
of this became detached from the higher part of the cliff, and 
some of the pieces chanced to fall on a ledge upon which dry 
sand was constantly pouring in windy weather. The action of 
this falling sand wore away all i^arts of the surface of the stone 
save those protected by the small emliedded fragments of flint, 
and hence the formation of these miniature pillars. 

Owing to the extreme incoherency of the substance, I un- 
fortunately lost one of the most perfect pillars before the 
photograph was taken. 

I conclude that the formation of these pillars was the work of 
a very few days — perhaps hours. On visiting the spot a few 
days later, all traces of sand -act ion had been obliterated by 
rain. An analogous case was that described by Mr. Blake 
(‘*Geol. MiscelL Tracts,” 10) as occurring in the Pass of San 
Bernardino, California ; the surface of the granite had been 
worn by blown sand, but the garnets therein stood out in relief 
upon Jong pedicles of feldspar, as a proof of their superior 
hardness. Cecii. Carus- Wilson. 

Bournemouth, June 23. 

Zu -masses on Hydrohia ulvee. 

Can any of your readers give me information in regard to the 
eggs of the Gastropod Hydrobia 

At a recent excursion of the Biological Society to Hilbre 
Island, while crossing the great stretch of wet sand which lies in 
the estuary of the Dee, it was noticed that the surface was 
covered in some places with vast numbers of Hydrobia. Some 
of these were brought back to the laboratory in their wet sand ; 
and, on being pul in a dish of sea* water, the moUusks were 
found next day to have crawled out of the sand, and I then 
noticed that nearly every specimen had several little rounded 
excrescences scattered over the surface of its shell. On examin- 
ing these, it was found that each was a little mass of pmall 
sand grains, in the centre of which was a clear jelly containing 
several segmenting ova or young embryos. They were undoubt- 
edly molluscan eggs, as I kept them alive until one or two had 
reached a veliger stage ; but did they Ijclong to the Hydrobia 
or to some other mollusk? No other molluak was, however, 
noticed in any abundance in the neighbourhood. Has, then, 
the Hydrobia acquired the habit of laying its eggs upon its 
nemhbourt’ shells, as being the only comparatively stable objects 
to be found in the fine shifting sands around it ? Possibly the 
method of oviposition of Hydrobia is already known, but 1 have 
not come acroa.s any reference to it. W. A. Hrrdhan. 

Zoological Laboratory, University College, Liverpool, 

June 23. 

Interpretation of the Differential Equation to a Conic. 

May I ask, with reference to Mr. Asutosh Mukhopadhyay’s 
geometrical interpretation of the above in Nature of the aist 
inst., how to draw a curve at every point of which the radius of 
curvature vanishes, or the curvature is infinite? 

Is it not evident that the osculating conic of -a conic is the 
conic itself, and the ** aberrancy curve” therefore a /knuf, the 
centre of the conic ? 

The ‘'sought found,” then, is the fact that a conic is a conic ! 
June K. B. H. | 

j 

The Nephridia of fiartbworme. 

Tb* last number of the Quarterly Journal of Microscopical 
Seimeo has just come into my hands, containing a paper, by Mr. 


Beddard, on the nephridia of certain earthworms. In Novem- 
ber of last year 1 read a paper, before the Royal Society of 
Victoria, on the anatomy of the large Gip]island earthworm, 
Me^ascolides australis. This, which reaches the length of 6 to 
8 feet, is, I believe, the lari^est recorded earthworm, and Us 
nephridial system is of great interest, corresponding closely in 
many points to that described by Mr. Beddard, in the above 
paper, present in Acanthodrilus fnultiponss and Perichata 
asHrgillum, My drawings have been for some time in the 
lithographers’ hands, but as it will still be one or two months 
before the full paper is published, I should be glad to draw 
attention to Ih^ iuHiome ways, still more interesting features of 
the nephridial^ystem in Mcgascolides australis. The nephridia 
are very evident, and can be divided clearly into two sets. 

(1) A great numl)er of small vascular-looking little tufts lining 
the body- wall, save in the mid-dorsal and ventral lines, espe- 
cially aoundant in the segments containing the reproductive 
organs (segments 11-19). They have no internal opening. 

(2) A series of much larger nephridia, one pair of which only 
i.s present in each of the segments in the middle and posterior 
regions of the body-— that is, from about segment 120 to segment 
500, or whatever may be the number of the last segment, which 
varies according to the worm’s size. They are placed in the 
anterior part of each segment, whilst the smaller nephridia form 
a ring round the body- wall posteriorly. Each one has the usual 
ciliated funnel opening through the septum into the segment in 
front. 

Throughout the body, where the smaller nephridia occur, 
there is a network of intra-cel lular ducts lying immediately 
beneath the peritoneal epithelium in connection with the 
nephridia, and giving off an irregularly arranged series of 
branched ducts opening externally. Vent rally, also, there 
appears to be on either side, in the middle and jxjsterior por- 
tions of the body, a longitudinal duct running from segment to 
segment within the most ventral pair of setse : into this duct 
open, first, the larger nephridia, and, secondly, the most vent- 
rally placed email nephridia of the same segment ; the latter, 
again, are united with the network of ducts connected with the 
ring of smaller nephridia. 

In the case of the latter there appear to be two somewhat 
differently formed sets of external ownings. All over the body, 
except in the clitellar region, where there is a great glandular 
development in the body -wall, the duct leading to the exterior 
is intercellular, small, and composed of minute cubical cells ; in 
the clitellar region, on the other hand, the duct, though similarly 
intercellular, is much swollen out, slightly coiled, and always 
provided with a distinct coiled blood-vessel running by its side : 
its lining cells form a flattened epiihcUum. 

The external opening itself is formed of cells of the epidermis, 
so modified as to present very much the external appearance of 
a taste-bulb-^that is, they form a sphere with the cells thicker in 
their middle parts, and the two ends attached to the poles of the 
sphere, the duct passing right up through the centre. This 
structure of the external opening is common to all the ducts in 
the body, but is more clearly made out in the case of those 
referred to. 

The large size and ciliated funnels of the paired nephridia 
distinguish these clearly from the more numerous smaller ones, 
which arc devoid of internal openings, and are without a doubt 
homologous with those of Acanthoitrilm and Perichwta. At the 
same time it is important to note that histologically the network 
of ducts and the longitudinal duct, which arc intimately con- 
nected with each other, arc precisely similar in structure, and, 
a priori^ might be expected to have a similar origin, i,e. to be 
derived from the same germinal layer. 

Leaving out of consideration at present the question dealt 
with by Mr, Beddard and others a.s to the homology of the larval 
nephridia of Chsetopods, and assuming the existence of a genetic 
relationship between the adult nephridial system of Blatyhelminths 
and Chsetopods, the following questions suggest themselves with 
regard to the various nephridial structures present in different 
forms:— 

(1) Are the longitudinal ducts in Lanice^ the embryo of 
Lumbneus and Ategascolidcs, homologous with each other? 
Before this can be determined the developmeot of each must be 
known. 

(2) Granted, of which there can be little doubt, that the 
smaller nephridia of Megascolides are homologous with the 
nephridia of Perichceta and Acanthodriltss^ are not the large 
nephridia of the former, which are completely wanting in both 
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these, homologous with the nephrldia of other worms, such as 
ZumdruuSt to which they are at all events suspiciously similar in 
arrangement and structure ? 

(3) What is the relationship of the large to the smaller 
nephiidia ? Are they modihcatioas of the latter, or independent 
later develapments ? 

(4) In either case the Platyhelminth system must be more 

closely represented by the small nephridial bodies devoid of 
intenial openings and provided with a network of ducts such as 
« found in /Wfi-Atr/n, AcanihvdHlus^ pnd Me^&colUieUi than 
by the more specialized jmired iiephHcUa of such a form ns 
LumhHeus, v* 

Possibly the course of development as reprftented in living 
forms may be somewhat as follows : — 

(1) A series of numerous nephridia present in each sqjment 
devoid of internal openings, and connected by a continuous 
network of ducts, ns in Peril h*F(a. 

(2) The aggregation of these smaller nephridia into tufts in 
various parts, as in the posterior region of Acan/hoJriIttx ; the 
subsequent enlargement of certain of these nephridia and the 
acquirement by them of secondary internal openings, ft 
is interesting to note in Me^scolidts that in the anterior 
part of the body, where the small nephridia are scattered 
over the whole body-wall of the st^menf, laqje nephridia 
are absent, whilst tlioy are present in the posterior region, 
where the small nephridia are confined to a ring in the 
posterior part of the segment. In this case, the nephridia 
become aggregated into tufl^ in the anterior part, the ducts 
connecting them with those in the posterior region of the seg- 
iBcnt next in front will become fewer, until when, as in Megasco- 
lidfs, only a single, tnodtfiecl, large nephridium remains on 
either .side anteriorly, there will be simply one duct from seg- 
i»ent to segment uniting with a network of ducts in the region 
where the small nephridia still persist. 

It is interesting to note that the aggregation of the smaller 
ttpphridia, and on this supposition the modification of certain of 
them to ffjm^ the larger ones, commences in the posterior region 
of the bodv. 

In certain wonns, such as Acanthodrilus, the connection of 
the network of duels from segment to segment seems to have 
b?en lost, at any rate in the adult : aggregation of these in the 
iwghtmurbood of the setae, and subsequent modification, would 
give rise to a certain numlier of nq^hridia in each segment 
witlwut any longitudinal duct. 

(3) Jicxt stage is reacheil in such a form as L<ini€e^ where 
the longitudinal duct persists, but all trace of the smaller 
nephridia is lost. 


In this, however, the author is entirely mistaken ; the of 
water in the well? In quefttion is nothing more fban the ordiiuiTy 
seasonable rise d«e to percolation. For twelve years paift I 
have been carrying on constant observations of the underground 
water-supplies in various parts of this country, and it is quite 
true, as mentioned by the writer of the letter, t^t ordinarily the 
water in wells rises in the winter and falls in the summer ; but 
(his is by no means an exceptional rule, for in the present season 
there have been two low waters, the last of which oocutred In 
the southern counties on the 8th of March in the present year. 
After that date commenced a very wet period, and before the 
end of the month over aj inches of rain had absolutely passed 
through the ground as measured bv my percolation gauges. 
The water in a weU on the f^urrey hills, which had been falling 
up to March 8, rose before the end of the month over 30 feet, 
which rise was entirely due to the replenishment from rainfall. 

I may point out that there are many wells at the present time 
in which the water is still rising, while in others in the same 
districts the water is falling, for the simple reason that as a rule 
underground water follows the same law as water flowing in a 
river, and that the floods or high waters descend from the 
highest to the lowest districts, so that at present in welts situated 
in high positions the water is falling, while the crest of the wave 
of high water in the same watershed has not yet been reached 
in the lower levels of the district. 

That the water in wells does fluctuate under certain conditions 
I of the wind there is no doubt, as T have already drawn attention 
both to the fluctuations which take place in the v atcr-levels of 
wails under barometric pressure and also in the volume of water 
discharged from the ground with a fall of the barometer. It 
should be noted that the rise of water in wells when due to 
barometric changes coincides with the fall of the barometer. 
Kow a north-easterly wind as a rule is accotMsnied by a high 
barometer, and therefore is not likely to influence the rise of 
water in a well. During the month of March the rainfall was 
above the average, whUe there were comparatively few days 
with easterly winds, the only time when it could be termed 
a haJf-gale from the north-east occurring on the 19th of March, 
by which time’ the water in all ihe wells hod made a consider- 
able rise, due simply to ordinary percolation, Thits tho^ is no 
mystery attaching to the rising of the water in these wells at 
Fareham. The rwe simply took place from the replenishment 
of the springs, which this year occurred at a 'period somewhat 
different from ordinary years. Baldwin Latham, 

7 Westminster Chambers, Westminster, June 21. 


{4) The final stage is present in most earthworms where, 11 
the adulf, all traces of both small nephridia and longitudina 
duct ^ lost, Uiough the Utter is present, as m Lmnhricus, durim 
ucvelopmenL, • 

rbew lead to three conclusions, two of which are praclicalh 
identical with those of Mr. Beddard 

(1) That the smaller ne^>hridia without internal openings 
iiregtilarfy scattered, and with a network of ducts such a 
are seen in Acanthodrilus^ Peruh<Tta, and Me^ascoHdes. an 
hotnol^ous with the nephridUl system of Platyhelminths. 

(2) Tliat the Urger ncjihridia typical of most earthworms an 

seco^nry modifications of certain of the smaller onessulisequeiy 
to their aggio^tion into groups; the modified ones acquirim 
each an internal opening. ^ * 

(3) That there is no homoIoBy l.ctwecn the longitu.iiBal due 

Uma, Me^colides, &c., with that ofthe Platy 
MlmintlM, suiee it has only been developed in the .above form- 
m connection with the hirger nephridia and as a modilicatioi 
Of the original network, and has thus had its origin within th< 
Ch^Mod group, W. Bai.dwim SwtNCER. 

Melbourne Umversity, May 3. 


Strange Rise of Wells in Rainless Season. 

My attention has been directed to a letter published by you 
fw weeks ago (May 31, p. 103) under the aljove heading. 1 
would appear that there is something mysterious in the eyes 0 
the aetbOT ofthe communication in question in the (act that tb 

MareVMT. rose several feet in the month o 

Mawh, as he states, after a continuance of north-east wind 

blowing’’; so that it wonli 

!»?! .in between the north 

easterly gale and the nse of the water. 


THE OPENING OF THE MARINE BIOLOGICAL 
LA BORA TOR Y AT PL YMO UTH, 

'T^HE Laboratory at Plymouth, which is now i^dady 

* for work, is remarkable «e b«flg the iiwritwtion 
in this country designed purely for scientific research 
which has been originated and firmly e 5 tab}ished by the 
efforts of scientific men appealing to the generosity and 
confidence of wealthy individuals and corporations who 
desire the pnogress of JcnowJedfffi fi>r practical eoi and 
the general good of the community. 

It may be said that the Marine Biological Asaociatian 
will its active career on and after Saturday Aext. 
On that day Prof. Flower will, on behalf gtf the Associa* 
tion, declare that the Laboratory at Plymouth, which is 
now complete, is open for the purposes of biological 
research. The opening of the Laboratory may be said 
to mark an epoch in English zoological science, just a$ 
the opening of the Stazione Zoologies at Naples, which 
2s essentialljr a German undertaking, marked an epoch tn 
German science. It is true that small sea-sidelabora- 
tories have already been established in the United Kit«- 
dom — at Grant on, St. Andrews, and Liverpool Bay ; but 
none of them can compare with the present undertaking 
in size and importance, and none can offer su^ advantages 
to the investigator. 

The present institution, it may be remembered, is 
hjstmcally the outebme of the Internatiaaal Fisheries 
Exhibition held in London in 1883. That E^ibiUon 
flexed partly as an atausement to Londoners, but it ilso 
perfomea a far more important serWce-^lt diteded 
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people’s miads towarda the importance of our fisheries, 
imd made tton in tome alight de^ee acquainted with 
tbo conditions under whkrh those fiaherica are worked. 
At the close of the Exhibition a large balance was left in 
the hands of its proBioters, and it was hoped by many 
leading men of scteoee that the money thus obtained 
would be utilized, in part at least, for the purpose of en- 
cours^ng investigations upon the habits and economy of 
food^nshes. But tlie money was appropriated to other 
purposes, excellent in themselves, though useless as a 
means of promoting the welfare of the fishing industry. 
Prof. Lamcester, however, nothing daunted by this want 
of success in obtaining funds from the surplus of the 
Fisheries Exhibition, and feeling that it was time to 
strike whilst pcoplc^s minds were awakened to the im- 
portance of our fisheries and to the lack of scientific 
knowledge concerning them, dclcmiined to found an 
Association for the purpose of encouraging the study of 
the marine fauna of the British coasts, and with the 
consent and co-operation of the officers of the Royal 
Society called a meeting for this purpose in the rooms 
of the Society on March 31, 1884. The meeting was 


eminently successful. The Duke of Argyll proposed a 
resolution to found the Marine Biological Association, of 
the United Kingdom, and was supported by the most 
eminent biologists in the country. An appeal was made 
for subscriptioiis in aid of the Association's projects, and 
was soon liberally responded to. His RoyaJ Highness 
the Prince of Wales graciously consented to be patron 
of the Association, and gave liberally to its funds ; the 
scientific Societies, the City Companies, the Universities, 
and finally Her Majesty’s Government, joined the list of 
subscribers ; and in a short time the Association was in a 
position to qpdertake the building of a Ixiboratory. After 
some debate as to the most suitable locality for a laboratory, 
Plymouth w^as selected, partly because it is a large 
and important fishing port, partly because the rich- 
ness of the marine fauna of the Sound and neighbouring 
shores was extolled by such eminent authorities as the 
late Dr. Gwyn Jeffreys, Mr. C. Spence Bate, and Prof. 
Charles Stewart. The Association was fortunate in se- 
curing a magnificent site for the Laboratory from the War 
Office. For this site, than which a better could not be found, 
the Association is greatly indebted to the Earl of Morley, 



South Frcmt of the l^iboratory of the Murine Hiological Aabociation, on the Citodel Hill, P.ymovtb, 


then Under- Secretary of State for War, and to Sir Andrew 
Clarke, Inspcctor-C»eneral of Fortifications. The site 
granted is that part of the fosse of the Citadel lying to 
the south of the portion of the Citadel wall known as 
King Charles's Curtain ; it has a frontage towards the sea 
of 26; feet, and extends some 240 feet southwards of the 
Citadel 

The Laboratory which has been erected upon this 
site is admirably adapted to the purposes of the As- 
sociation. It is, indeed, more them a laboratory, it is 
also an aquarium, whose tanks are extensive and fitted 
with every improvement that modem science can suggest. 
The total cost of building, machinery, and fittings, includ- 
all fees, has been about 2,500. The-structure com- 
pneet a central portion with a wing at either end. The 
east wing is almost wholly taken up by the residence of 
the Birtetor, and needs no ftrrlhef comment. The west 
win^ has on the ground door the caretaker's i-ootns, and a 
reeeivitM^fQom into which the resuks of the day's fishing 
wfU tie brought for exmintiQn. .On the first fioor are 
tihemical and physiological laboratories^ and on the 
sepimd ftoor a Tibrary, a work-room, and lavatory. The 


main part of the building contains on the ground floor the 
aouariiim or tank-room, and on the first floor the large 
lanoratory. 7'he tank-room is fitted with slate and glass 
tanks, of which one on tl>e northern side is a noble 
window tank, 30 feet in length, 9 feet in breadth, and 
5 feet deep. 7'hcre arc three large window tanks on 
the north side, nine •smaller window tanks on the 
south side, and a series of five table tanks in the middle 
of the room. The tanks are supplied with salt water from 
two reservoirs, capable of holding 50,000 gallons each. 
From these the salt water is led by means of pumps 
through vulcanite pipes into the tanks ; the openings of 
the pipes arc placed rather more than a foot above the 
level of the water in the tanks, and are provided with 
nozzles through which the water is forced at high pressure, 
so as to form jets descending deep into the tank aad 
casrying with them a quantity of atmospheric air. Circu- 
lation has been established in the tanks for the last 
fortnight, and there is every reason to be satisfied with the 
arrangements for aerating the water. The jets carrying 
down the air deep into iht water of the tank cause it to be 
filled with minute bubbles so as to resemble champagne, 
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and all the animals that have hitherto been placed in the 
tanl^ are thriving in a remarkable manner, which is the 
more surprising as new tanks are generally supposed to 
be highly injurious to organisms introduced into them at 
an early a date. It would be too much to expect that 
tanks which ha\^ been so lately put up should be fully 
stocked within a fortnight, nevertheless they will present 
to the visitors on Saturday next a sufficiently interesting 
collection of local marine forms. For the rest the tank- 
room is a plain room, without any attempt at ornamenta- 
tion. It is felt that the scientific nature^ the institution 
must be kept in the foreground, and therelbl« nothing has 
bwn done to make the aquarium a place of popular 
amusement. 

The main laboratory is at present fitted with seven 
compartments, each to contain a single naturalist, along 
its north side. When the necessity arises, similar com- 
partments will be placed along the south side. In the 
centre of the room is a scries of slate and glass tanks 
supplied with salt water from the circulating pumps. 
Beneath these a convenient shelf has been arranged, so 
that naturalists will be able to arrange for themselves 
any temporary apparatus that they may devise on as 
small a scale as is desired. All the arrangements for 
laboratory work will be completed at the end of the week, 
and the only thing now required is a company of ardent 
naturalists ready to undertake the work that lies to hand. 

The material for work and for stocking the tanks is 
obtained from the Sound and the sea outside the break- 
water by means of the trawl, dredge, and tow-net. In 
^neral a small shrimp-trawl is used in preference to a 
dredge, as it is much wider and equally effective in 
collecting the animals that live at the bottom. Hitherto 
the Association has been content to hire fishing-boats for 
dredging and trawling. Most of the work has been done 
in a small hook»and-line boat, the Quickstep^ of about 6 
tons burden, and on special occasions the trawler Lola^ 
of 50 tons burden, has been hired. But this method of 
hiring is too expensive to be continued ; the Association 
will soon have to purchase boats, and probably will find 
it necessary to acquire a steam- boat. Without a steam- 
boat the station is at the mercy of the weather. If it is 
a dead calm —and calms are frequent in summer along 
the south coast — no dredging or surface netting can be 
done, a cruel fate when one knows that the pelagic 
surface fauna swarms thickest on bright calm days. Or 
if it is wished to explore a certain region on a certain 
day, if the winds prove contrary more than half the day 
is lost in beating up to the station ; in any case one may 
generally expect to have a contrary wind on either 
the outward or the homeward journey. Such losses 
of time and material are most prejudicial to an institu- 
tion like the Marine Biological Association. A steam- 
launch has been found necessary at all other marine 
stations. Dr. Dohrn has two, the Johannes MuUer and 
Francis Balfour^ at Naples ; and the Granton Station 
is well provided for by the steam -yacht Medusa. But the 
funds of the Association have been well nigh exhausted 
in the building of the Laboratory, If a steam-launch is 
found requisite, it will be necessary to make another 
appeal to its friends, which, lei it be hoped, will be as 
heartily responded to as the first appeal for funds for 
buildjng the Laboratory. 

It was stated in the early part of this article that the 
Association would begin its active existence on the 30th. 
It would have been more proper to say its active public 
existence, for its staff has oeen active for some time past. 
Under the guidance of Mr. W. Hcape, the late Superin- 
tendent, a careful though necessarily incomplete explora- 
tion of the Sound has been made, and numbers of 
animals have been identified, preserved, and put aside 
for future reference. Mr. Heape has also drawn up a 
cornice list of the fauna and flora of the Sound, as 
recorded up to the present date, and a very formidable 


list it is.‘ Botanists will note that there are more 
than 250 species of marine Alga; recorded from the 
neighbourhood, and some of them are extremely rare* 
Zoologists will see that there is an unlimited field in 
certain groups, particularly in the Crustacea and the 
Mollusca, but that some of the most interesting formi^ 
the "pets of the laboratory,” such as AmphioTcus and 
Balanoglossus, are absent. But to say that they are 
absent means only that other less familiar forms are 
present, and that these old favourites have not been 
recorded. A good authority states that Amphioxus can 
be found in the immediate neighbourhood, whilst it is 
confidently expected that both Balanoglossus and Amphi- 
oxus can be introduced from the Channel Isles, and 
kept aliv: in the tanks. The zoologist need not fear that 
he will l-c hindered by the poverty of the fauna; there is 
materiiil enough and to spare. The remarkable Hydroid, 
MyHothela^ occurs at low-tide mark in considerable 
quantities. The interesting Actiniae, Edwardsia and 
Peackia^ are to be found. Appendiculariae and Sagittse arc 
taken in hundreds in the tow- net. Antedon rosaceus is 
abundant a quarter of a mile from the Laboratory, and mag- 
nificent specimens of Pinna will attract the interest of the 
malacologist. 

Such an institution as that at Plymouth challenges 
comparison with Dr. Dohrn^s famous zoological station at 
Naples. But there is this remarkable difference between 
them. The Naples Station was founded for purely 
scientific objects : it does not profess to undertake in- 
vestigations for the benefit of economic interests. The 
Marine Biological Association receives an annual grant 
from the Treasury, on the express understanding that 
it shall conduct researches upon questions relating to 
the life* history and habits of food-fishes. It must not 
be supposed that this work is not scientific because 
it has a practical object in view. Science is not only 
the art of thinking correctly, but of observing and 
recording correctly, and correct observations and records 
of the life-history of our food-fishes arc just what arc 
wanted at the present time. The work of Mr. J. T. 
Cunningham, Naturalist of the Association, is an admir- 
able example of scientific method as applied to a practical 
investigation. Mr. Cunningham has been working for 
several months at the development of fishes, with the view 
of obtaining and artificially fertilizing their ova and rear- 
ing their young in captivity. His results are necessarily 
incomplete, as he has been working in a half-finished 
laboratory, without gas or water, and under unfavourable 
conditions as regards boats and men. But he has suc- 
ceeded in tracing out the life-history of the “merry sole” 
{Pleuroncctes microcephalus)^ and has acquainted himself 
with such important facts concerning the development of 
the common sole, that he confidently expects to be able to 
hatch out the young next season, his experiments this year 
having failed only for want of the proper apparatus. He 
has also recorded the interesting fact that the herring 
spawns continuously from January to J une in the Channel 
and appears to have no definite breeding-season as it has 
in northern waters ; and has discovered important facts 
relative to the breeding of the mackerel, conger, and 
pilchard, which will be made public as soon as his re- 
searches are complete. He has now stocked one of the 
large tanks in the aquarium with conger, and hopes in a 
short time to give a final opinion on the obscure question 
of the breeding of this fish. Not less interesting than Mr. 
Cunningham's researches are those of Mr. Weldon on the 
breeding of the common lobster, and the rock-lobster 
or craw- fish [Palinurus). Another of the tanks in the 
aquarium is occupied by the "berried” females of these 
forms, whose bright colours and active movements are as 
attractive to the casual spectator as their study is interest- 
ing to the zoologist and fisherman. So much has been 

• Mr. Heape*! Ibt will b« ptihlUhed iq the IbrtheomiAf numher Ij.) 
of the Joumsl of the Meirine Wologlcil AMoeUdofi. 
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done already by Messrs. Cunninghatn and Weldon under 
the most unfavourable conditions that it cannot but be 
anticipated that when a number of investigators are 
working under favourable conditions on different groups, 
but with a common object in view, results of the greatest 
scientific and practical importance will accrue. 

The ceremony on Saturday will be interesting and im- 
portant. Many of the leading biologists in England will 
be present, but unfortunately the eminent President of the 
Association, Prof. Huxley, will be absent on account of 
ill-health, and so, unfortunately, will Prof. Moseley, one of 
its most ardent and generous supporters. The Fish- 
mongers' Company have added to their munificent 
patronage of the institution by undertaking the entertain- 
ment of the numerous guests who have been invited to 
the ceremony ; and the Association will be launched on its 
career of usefulness in a manner worthy of its aspirations, 
and satisfactory in the highest degree to its energetic 
promoters. G. C. B. 


PERSONAL IDENTIFICATION AND 
DESCRIPTION? 

11 . 

PERSONAL characteristics exist in much more 
* minute particulars than those described in the 
last article. Leaving aside microscopic peculiarities 
which are of unknown multitudes, such as might be 
studied in the 800,000,000 specimens cut by a micro- 
tome, say of one two-thousandch part of an inch in 
thickness, and one tenth of an inch each way in area, 
out of the 4000 cubic inches or so of the flesh, fat, and 
bone of a single average human body, there are many 
that are visible with or without the aid of a lens. 

The markings in the iris of the eye are of the 
above kind ; they have been never adequately studied 
except by the makers of artificial eyes, who recognize 
thousands of varieties of them. These markings well 
deserve being photographed from life on an enlarged scale. 

I shall not dwell now upon these, nor on such pecu- 
liarities as those of hand-writing, nor on the bifurcations 
and interlacements of the superficial veins, nor on the 
shape and convolutions of the ear. These all admit of 
brief approximate description by the method explained in 
the last article — namely, by reference to the number in a 
standard collection of the specimen that shall not differ 
from it by more than a specihed number of units of 
unlikeness. I fully explained what a unit of unlikeness 
was, and certain mechanical means by which a given set 
of measures could be compared with great ease and by a 
single movement with every set simultaneously, in a large 
standard collection of sets of measures. 

Perhaps the most beautiful and characteristic of all 
superficial marks are the small furrows with the inter- 
vening ridges and their pores that are disposed in a sin- 
gularly complex yet even order on the under surfaces of 
the hands and the feet 1 do not now speak of the 
largo wrinkles in which chiromantists delight, and which 
may be compared to the creases in an old coat or to the 
deep folds in the hide of a rhinoceros, but of the fine 
lines of which the buttered fingers of children are apt to 
stamo impressions on the margins of the books* they 
handle, that leave little to be desired on the score of 
distinctness. These lines are found to take their origin 
from various centres, one of which lies in the under 
surfiice of each finger-tip. They proceed from their 
several centres in spirals and whorls, and distribute them- 
selves in beautiful patterns over the whole palmar surface. 
A corresponding system covers the soles of the feet. 
The eame lines appear with little modification in the 
hands and feet of monkeys. They appear to have been 
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carefully studied for the first time by Purkinje in 1822 ; 
since then they have attracted the notice of many writers 
and physiologists, the fullest and latest of whom is 
Kollman, who has published a pamphlet upon them, 
Tastapparat der Hand'’ (Leipzig, 1883), in which their 
physiological significance is fully discussed. Into that 
part of the subiect I am not going to enter here. It 
has occurred independently to many persons to propose 
finger-marks as a means of identification. In the last 
century, Bewick . in one of the vignettes in the 
“ History of Birds” gave a woodcut of his own thumb- 
mark, whicl^r'the first clear impression that I know 
of. Some of the latest specimens that I have seen are 
by Mr. Gilbert Thomson, an officer of the American 
Geological Survey, who, being in Arizona, and having to 
make his orders for payment on a camp suttler. hit 
upon the expedient of using his own thumb-mark to 
serve the same purpose as the elaborate scroll engraved 
on blank ch^ues — namely, to make the alteration 
of figures written on it, impossible without detection. 
I possess copies of two of his cheques. A San 
Francisco photographer, Mr. Tabor, made enlarged 
photographs of the finger-marks of Chinese, and his 
proposal seems to have been seriously considered as a 
means of identifying Chinese immigrants. 1 may say 
that I can obtain no verification of a cominon state- 
ment that the method is in actual use in the prisons of 
China. The thumb-mark has been used there as else- 
where in attestation of deeds, much as a man might 
make an impression with a common seal, not his own, 
and say, 'lliis is my act and deed ” ; but I cannot hear of 
any elaborate system of finger-marks having ever been cm- 

C loyed in China for the identification of prisoners. It was, 
owever, largely used in India, by Sir William Herschel, 
twenty-eight years ago, when he was an officer of the 
Bengal Civil Service. He found it to be most suc- 
cessful in preventing personation, and in putting an 
end to disputes about the authenticity of deeds. He 
described his method fully in Nature, in 1880 (vol. xxiii, 
p. 76), which should be referred to by the reader ; also a 
paper by Mr, Faulds in the next volume. I may also 
refer to articles in the American journal Science^ 1886 
(vol. viii. pp. 166 and 212). 

The question arises whether these finger-marks remain 
unaltered throughout the life of the same person. In 
reply to this, 1 am enabled to submit a most interesting 
piece of evidence, which thus far is unique, through the 
kindness of Sir Wm. Herschel. It consists of tfie imprints 
of Che two first fingers of his own hand, made in 1S60 and 
in 1888 respectively ; that is, at periods separated by an 
interval of twenty-eight years. I have also two inter- 
mediate imprints, made by him in 1874 and in 1883 
respectively. The imprints of i860 and 1888 have now 
been photographed on an enlarged scale, direct upon the 
engraver’s block, whence Figs. 9 and ii are cut; these 
woodcuts may therefore be relied on as very correct repre- 
sentations. Fig. 10 contains the portion of Fig. 9 to which 
I am about to draw attention. On first examining these and 
other finger marks, the eye wanders and becomes confused, 
not knowing where to fix itself ; the points shown in Fig, 10 
are those it should select. They are those at which each 
new furrow makes its first appearance. The furrows 
may originate in two principal ways, which are not always 
clearly distinguishable : (i) the new furrow may arise in 
the middle of a ridge ; (2) a single furrow may bifurcate 
and form a letter Y. The distinction between (i) and (2) 
is not greatly to be trusted, because one of the sides of 
the ridge in case (1) may become worn, or be narrow and 
low, and not always leave an imprint, thus converting it 
into case (2) ; cohversely case (2) may be changed into 
(1). The position of the origin of the new furrow is, 
however, none the less defined, 1 have noted the 
furrow-heads and bifurcations of furrows in Fig. 9, and 
shown them separately in Fig. i o. The reader will be able 
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to identify these positioifts with the aid of a pair of com- 
pftsStfti and he will dad tbal they persist unchanged in Fig. 
n, though there is occasional uncertainty between cases 
(i)and (a). Also there is a little confusion in the middle of 
thft siTi^l triangular space that separates two distinct 
ayitems of furroprs, much as eddies separate the stream 



Fig. 9. — Enlarged impressions of the fore and middle finger rips of the right 
hand of Sir WiUiam Henchel, made in the year i860. 
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Fic. 10. — Positions of furrow. lieads and bifurcutiuiii^ of futtows, in Fig. 9. 



Fid tx,— Enlareed imprcRRioas of the fore and middle finger tipa of the right 
hand of Sir William Hcrschel, made in the yuar 1888. 

hpes of adjacent currents converging from opposite 
direettona A careful comparison of Figs. 9 and u is a 
most instructive study of the effects of age. There is an 
obvious aunount of wearing and of coarseness in the 
lattCTi but the main features in botii are the same. I 
happen to possess a very convenient little apparatus for 


recording the positions of furrow'-heads^ It is a slighted 
$m;dl,but well-made wooden peDta|;rAph, multiplying nye- 
fold, in which a very low-power micrei^ope^ coorfe 
erriw-w/FW, forms the axis of the short limb, and a peacil- 
holder forms the axis of the Jong limb. 1 contrived it 
for quite another use — namely, the measurement of the 
' length of wings of moths in some rather extensive experi- 
ments that are now being made for me in pedipee mo^- 
breeding. It has proved very serviceable in this inquiry 
also, and was much used in measuring tl>e profiles spoken 
of in the last article. Without some moderate magnlfyinK 
power, the finger-marks cannot be properly studied ^ It 
is a convenient plan, in default of better methods, to prick 
holes with a needle through the furrow-heads into a 
separate piece of paper, where they can be studied without 
risk of confusing the eye. There are peculiarities often 
found in furrows that do not appear in these particular 
specimens, to which 1 will not further refer. In Fig. lo 
the form of the origin of the spirals is just indicate^ 
These forms are various ; they may be in single or in 
multiple Lnes, and the earlier turns may form long loops 
or be nearly cucular. My own ten fingers show at least 
four distinct varieties. 

Notwithstanding the experience of others to the con- 
trary, 1 find it not easy to make clear and perfect 
impressions of the fingers. The proper plan seems to be 
to cover a fiat surface, like that of a piece of glass or tine, 
with a thin and even coat of paint, whether it be printers’ 
ink or Indian ink rubbed into a thick paste, and to press 
the finger lightly upon it so that the ridges only shall 
become inked, then the inked fingers arc pressed on smooth 
and slightly damped paper. If a plate of glass be 
smoked over a paraffin l.iinp, a beautiful negative Un* 
presston may be made on it by the finger, which will show 
well as a lantern transparency. The blackened finger 
may afterwards b;: made to leave a positive impression on 
a piece of paper, that requires to be varnished if It is to be 
rendered permanent. All this is rather dirty work, but 
people do not seem to object to it ; rivalry and the hope 
of making continually better impre^ons carries them on. 
It U troublesome to make plaster casts ; modelling-clay 
has been proposed ; hard wax, such as dentists use, acts 
fairly well ; sealing-wax is excellent i£ tlie heat can be 
tolerated ; I have some good impressions in it. tot the 
nacre study of the marks, no plan is better thaa that of 
rubbing a little thick pasu of chalk (“ prepared chalk **) 
azid water or sized water upon the fin^ri Ilie chalk Hes 
in the furrows and defines them, lliey could then be 
excellently photographed on an enlarged scale. My own 
photographic apparatus is not at hand, or I should have 
experimented in this. When notes of the fmrow-heads 
and of the initial shape of the spiral have been n^de> 
the measurements would admit of comparison with tho&c 
in catalogued sets, bv means of a numerical arrangement, 
or even by the mechanical selector described in the last 
aatick*. If a cleanly and simple way could be discovered 
of taking durable impressions of the finger tips, there 
woukl be little doubt of its being serviceable in more 
than one way. 

In concluding my remarks, I should say that one ofthe 
inducements to making these inquiries into personal 
identification has been to discover independent features 
suitable for hereditary investigation. It has long been 
my hope, though utterly without direct expierimental 
corroboration thus far, that if a considerable number of 
variable and independent features could be cataloguedt 
it might be possible to trace kinship with considerable 
certainty. U does not at all follow bemuse a man inherits 
his main features firom some one ancestor, that he may 
not also inherit a large number of minor and commonly 
overlooked features from many ancestors. TTvereforO it 
is not improbable, and worth taking pains to inquire 
whether each person may not carry visibly about his body 
undeniable evidence of his parentage and near kinships. 



NA TV RE 


203 


28, 1^8] 


A MAONfFICENT METEOR. 

have received from Mr. C. Weatherall Baker (who 
writes from PeOang) the following notes on a 
vnagaificent meteor seen from the s.s. Prometheus in 
ioiigitude 6a'' £., latitude 10° ao' N., at 1040 p.m. on 
jFnday, April 6, i8d8; — 

“ It rose from the north by west horizon, and, pass- 
mg behind a small cloud, travelled in a south by 
•east diroctioOf being at one period of its transit im- 
jned Lately above the ship. Sketch A represents the 
.meteor when in that position. It traversed the whole 
arc of 180% and was visible from first to last with 
the exception of the time when it was behind the small 
clond before mentioned, the transit occupying about 30 




A.~Viflw a£ Men directly ovvlT sblp at 7a4ci p.m. 


aa Men shortly after appearing. 

seconds. When directly above the ship, the head ap- 
pear^ as near as possible the size of the moon when at 
fts height, and the tail streamed out as in the sketch, to a 
length of about 15 diameters of the head. It was a 
brilliant white, and threw shadows on the deck as dense as 
^hose caused by the moon at the full. Sketch B represents 
the meteor as it appeared a few degrees above the horizon 
on its npward course, and on reaching the same distance 
nhove the south by east horUon it was simply a dull red 
ilMLUwith no tail whatever. Captain J. K, Webster, of the 
AiA. ProJoeJheus^ wdio has had many years’ experience in 
fpofit parts of the world, tells me that he has never seen a 
meteor in any way equalling this one for size or britliancy. 


mTES. 

The Council of the Royal Meteorological Sooiely have issued 
a drcnlar requesting that photographs of lightning may he sent 
to them. In response to a similar appeal last year, about sixty 
photographs of lightning- flashes were received from various parts 
of Europe, and America. The Council remind photographers, 
Amateur and profeadonal# that the photography of lightning 
does not present any particular difficulties. ^ If n rapid 


plate, and an ordinary rapid lens with full aperture, be left un* 
covered for a short time at night during a thunderstorm, Hashes 
of lightning will, after development, be found in some cases to 
have impressed themselves upon the plate. The only difficulty 
is the uncertainty whether any particular flash will happen to 
have been in the field of view. A rapid single lens is much 
more suitable than a rapid doublet ; and it is believed that films 
on paper would effectually prevent reflection from the back. 
The focus should be that for a distant object ; and, if possible, 
some point of landscape should be included to give the position 
of the horizon. If the latter is impossible, then the top of the 
picture shouH^^ distinctly marked. Any additional informa- 
tion as to the time, direction in which the camera was pointed, 
.md the state of the weather, would be very desirable." 

I'HE Kew Bulletin for June contaios, besides an account of 
the manufacture of quinine in India, papers on “Job’s Tears " (the 
round, shining fniits of a grass widely distributed in tropical 
countries, and used by the Karens for the decoration of cloth 
ing) ; on China grass or Ramie, the fibre of which, if it could 
l>c extracted and cleaned at a cheap rate, would have great 
economic value ; and on a new botanical statiem at Lagos, 
which promises to exercise a very favourable influence on the 
industrial development of the West African colonies. 

Some time ago the Agassiz Association appointed a Commit- 
tee to arrange for a seaside meeting during the present summer. 
I'his Committee, according to Sderrcc, proposes that the meeting 
!>lm]l be known as the “ Agassiz Seaside Assembly." Its 
membership is to consist of such persons as shall send their 
names to the secretary before the oi>ening of the assembly, or 
such as shall be elected member? according to by-laws adopted 
aftcrwaKls. It is intended that the organization ^Imll be made 
jicrmanent. A six-days' session will be held this year, at Asbury 
Park, N.J., provided suitable accommodations can be secured 
at that place In the monih of August. The subjects to be 
discussed this year will be principally botany and entomology, 
under the direction of such practical specialists as can be 
secured. ‘Vht work is to include several fidd-day cKOurwons 
wuh experienced guides. 

The hent in India Lately has been uni>recedented, in conse- 
(|!ience of the delay of the monsoon. On June 24, when the 
Calcutta Corresi>ondent of the Tiotrt despatched a telegram on 
the subject, the temperature was the highest that had ever been 
registered. Profe^ional business was almost entirely suspended, 
and trading operations were greatly hampered. Many persons 
had suffered from heat^apoplexy and sunstroke, some cases having 
terminated fatally. 

A conversazione was given j'«sterday evening by the President 
and Fellows of the Royal College of Physicians, at tthc CoUege. 
'I’hc President of the Society of Telegraph-Engineers and Eleo- 
tiicians, and Mrs. Graves have iawied mvitatieoa ibr -a 
sazione in the galleries of the Reyal Inotitute of Painters in 
Water Colours on Tuesday, July la 

A REMARKABLE rew scrics of compoitnds of silicon tetra- 
fluoride with organic derivatives of ammonia have Wn prepared 
by Messrs. Comey and boring Jackson, of Harvard.] Many years 
ago, Gay Lussac and Thenard discovered that silicon telrafluoride 
formed vi ith gaseous ammonia a singular compound, 2^ Hg. SiF* ; 
this substance, which is comparatively stable in air and disUnctly 
crystalline, is decomposed by water with formation of ammonium 
fluoride and silicofluoride and deposition of silicic acid. The 
American chemUts now show that a very large number of sub- 
stituted ammonias form similar compounds, and give an 
interesting description of the methods by which they have 
isolated the most important members of the scries. Aniline 
forms two such compound-, the most stable being represented 
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Tiy the formula 3C,H,N H,. 2SiF4, "n<l the other aC.HjNHj, SiF^, 
carrespondinf; to the well-known co mpound with ammonia itself. 
The first was obtained by passing gaseous tetraflaoride f)f silicon 
over aniline^ the gns delivery tuljc not quite touching the surface 
of the aniline so as to avoid the stoppage of the passage by the 
solid product. 'J'he combination is so rapid that practically all 
the fluoride is absorbed, considerable heat being evolved during 
the process ; and, which is very satisfactory, the reaction is one 
of the few quantitative ones, the whole of the aniline being 
eventually converted into a loose white crystalline solid, which 
sublimes about 200*^ C. without fusion. This new sut)stance is 
further remarkable by being insoluble in fh^^usual organic 
solvents, alcohol alone slowly acting upon it with decomposition. 
Brought in contact with water it is at once decomposed with de- 
position of silicic acid ; the solution, on evaporation, yielding 
beautiful pearly tabular crystals of aniline fluosilicate, aniline 
fluoride remaining dissolved. When aniline vapour was con- 
ducted into a receiver filled with silicon tetra fluoride the second 
compound was farmed as a white powder, decoiupodng when 
warmed or when treated with water and even spontaneously on 
keeping, hrom the fact that the products of spontaneous de- 
composition are the first compound and free aniline, it is very 
prolwble that the true formula is 4C«H5Nll2 2SiFj, double the 
empirical formula *, and it is evidently more than a mere 
coincidence that the values obtained by Mixter for the vapour 
density of the ammonia compound also point to the fact that its 
real composition is 4N I Ij,. 2SiK4. 

A. SEVERE shock of earthquake wjis felt in the Hcmb, an 
island in the Baltic, on June 7, at 7.24 a.m. Houses shook, 
and furniture moved. 1’he shock went in a direction north- 
north-west. At the Taingo Lighthouse the shock was felt at 
9.50, and was accompanied by a detonation like that of heavy 
artillery. Here the shock went in a direction north-cast to 
south-west. The shock was also felt in the town of Hemosand. 

A srEctAL Committee, under Prof. MiishkctofF, apirointcd 
to inquire into the causes of the earthquake which nearly 
destroyed Vyemyi, in Russian Turkistan, on June 9, 1S87, has 
delivered its report to the Russian Geographical Society. The 
Committee, which consisted of four mining engineers and several 
topographers, began its work in August with a systematic explora- 
tion of the crevices in the buildings and the soil, both at Vyemyi 
and in the surrounding region as far as Lake Balkhash. Kulja, 
Lrakc Issyk'kul, and Tashkent. Detailed maps were made, and 
numerous photographs taken of the destroyed buildings. The 
chief shock of earthquake took place at 4h. 35m. a.m. on 
June 9; it destroyed nearly all the stone buildings of Vyernyi. 

It was followed at 4'). 45m. by another severe shock. Severe 
shocks continued for nertrly half an hour, at intervals of one 
minute, and they were succeeded by feebler shocks which were 
felt throughout the day. Nearly 1500 stone houses were 
destroyed, while scarcely any harm was done to houses made of 
wo^. Of a population of 30,000, no fewer than 332 persons were 
killed. The shocks continued almost every day throughout the 
months of June, July, and August ; since September they have 
not been so frequent, but they go on still, and on March 4, 1888, 
thew was a rather severe .shock. The total number of shocks 
noticed (without iiwtruments) reache, more than 200. It appears 
that the wave of earthquake had its origin in the south of 
Vyerayi, in (he Alatau Mountains ; and in the spur of mountains 
w ch separates the Kaskelen and the Bercjsovaya Rivers, the 
Expedition discovered at a height of from Soco to 6000 feet 
a region where a dislocadon of the rock.s had taken place on an 
immciwe scale. The granitic and porphyritic rocks were dislocated 
and covered the slopes with masses of fresh tiSns. As to the softer 
deposits— clays and so on— which were still moic softened by the 
-very severe showers which preceded the earthquake, they were 


flowing and gliding like glaciers on the slopes of the mountains* 
One of these masses, on the Aksat River, has a volume of no less 
than 10,000,000 cubic metres. The centre of the carthqualcc 
was at a depth of from 5000 to 8000 metres, and its projection 
on the Kurface of the earth of the most severely affected regiohs 
covers a surface about twenty-three miles long and three miles 
wide oil the northern slope of the Alatau. The earthquake 
spread with greater force towards the north than to the south ; 
thus the region of the greatest destruction extends for aboni 
twenty- five miles northwards, and for only ten or thirteen milex 
southwards ; but the whole region where the earthquake was feU 
has a length of nearly 1000 miles from south-west to north-east, 
and about 600 miles from south-east to north-west. As to Its 
cause, it obvumsly must be searched for in the interior movements 
of the rocks— -not in volcanic agencies. Regular seismological 
stations in Turkistan and the Caucasus will probably be the 
immediate outcome of the work Of the Committee. 

In the Ameruan MtteoroUgical Journal for May, Mr. B6cher 
contributes an article on the labours of Dove, Hedfield, and Espy, 
the greater part of whose work was included between the years 
1830 and i860. Redfield's first paper on the theory of storms 
was published in 1831, and was due to the fact of his having 
previously noticed, during a journey after a storm, that the trees 
were lying in opposite directions to those near his home. Espy 
supposed that the wind always blows inwards from the edge of 
the storm to a central point or line. He was a persistent 
opponent of Hedfield. Dove’s work on the theory of storms 
was essentially the same as Red fie Id’s, but he also deals with 
the subject of winds in general. In a second article Mr. Rotch 
gives the description and history of the Sonnblick Mountain 
Observatory in Austria, and some of the preliminary results 
obtained. Mr. W, Upton contributes, on the part of the New 
England Meteorological Society, a very able paper on the 
remarkable storm which visited the eastern portion of the United 
States from the nth to I4lh of March lost, and which is known 
as the New York *• blizzard.” Its peculiar characterhtica were 
(1) the rapidity with which its energy was developed; (a) the 
excessive precipitation which accompanied it, principally os snow. 
West of the 72nd meridian it was almost wholly snow, piled up 
in immense drifts, making it ab.soluleiy impossible to measure it. 
East of this meridian it was snow and rain mixed. In a table 
giving the ratio of un melted and melted snqw it is shown that 
the density varied greatly, and fumisbes proof that the method 
of assuming that ro inch of snow equals O'l inch of rain is 
exceedingly erroneous. (3) The relatively small area of its 
maximum intensity. This storm was one of the most notable 
in this century over the Atlantic, and its behaviour over the 
ocean will be the subject of a special investigation by the 
United States Hydrographic Office. 

The Pilot Chart of the North Atlantic Ocean for the montii 
of June shows that seven pronounced cyclonic storms passed 
over portions of the North Atlantic during May, but none 
appear to have traversed the entire ocean. Ice has been reported 
in increased quantity west of the 46th meridian, and, although 
confined for the most part to the coast of Newfoundland, it has 
been met with as far south as latitude 4l^ in longitude 46* W. 
There has l>een a marked increase of fog over the Grand Banks 
and off the American coast north of Hatteras, while the amount 
encountered east of the 40th meridian has been unusually large. 

It is attributed almost entirely to the prevalence of southerly 
winds in that part of the ocean. During the past six months 51 
vessels are known to have met with disaster in the North 
Atlantic ocean ; the general drift of the logs of the great nft 
has been about east by south, and most of them are now about 
west-south -west from the Azores. Very few, K an/, bire 
drifted north of the 40th parallel. On April 16, latitude 4I* 
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N.«" longitude 47* 30' W., Capt. McKay, of the s.s. Pavonta, sittw 
a latige waterspout travelling north-east at about 30 miles an 
hour* The great column of water reached up 10 a dense black, 
low-lying cloud, and was in shape Like a huge hour-glass. It was 
accompanied by a terrific roaring. The spout broke, with d 
thunder and hail storm. Many pieces of ice, 4 to 6 inches 
jn diameter, fell on board the ship. On the next day three 
distinct spouts were seen by another ship, about 250 miles north- 
east of the above position. These spouts gradually merge 1 into 
one, and travelled out of sight. 

Fishermen rep>oTt that early on the morning of June 13 a 
waterspout was seen in the Grosses Haff, off Slettin. About 1 1.45 
another one appeared near Oammausch. A steamer was, at the 
time, only 100 yards distant, and had to reverse her engines in 
order to escape iu Each lasted about a quarter of an hour. 

Sir Terence O'Brien, Governor of Heligoland, in his 
report on the condition cf that colony during the past year, 
states that at his instigation the Council of the Meteorological 
Department agreed to start a station there, and the Secretary, 
Mr. Scott, having gone over to superintend the putting up of the 
instruments, the observatory was established in August last, and 
will, he hopes, not only be of benefit to this branch of science, 
but will enable more accurate data than were formerly obtain- 
able from the old and imperfect instruments at their disposal to 
be forthcoming in future Blue-book statistics. 

In a recording rain-gauge, recently devised by M. Brassaid, 
the water passes from the bottom of the receiver into a ccnirally- 
pivoted trough, having each arm slightly depressed in the 
middle* It fills the two divisions alternately : the tilled arm 
goes down, and empties itself into a lower trough, and the 
rocking thus caused is registered by an ordinary counter. Each 
rocking of the trough indicates one-tenth of a millimetre of 
water having fallen into the receiver. The instrument is 
designed to eliminate the error usually arising from evaponttion. 

AnviCES from the fishing village of Kcrschkaranza, in the 
Kola Peninsula, on the White Sea, slate that on January 5 a 
curious and destructive phenomenon occurred there. At 4 a.ni. 
the inhabitants were awaltened by a peculiar, dull, heavy detona- 
tion like that of distant aniUcry, Piled up to a height of several 
hundred feet, the ice— in consequence, no doubt, of the enormous 
pressure of the ocean ice without — was seen to begin moving 
from the nonh-uest towards the shore. The gigantic ice wall 
moved irresistibly forward, and soon reachc<l the shore and the 
village, which it completely buried, the ice extending a mile 
inland. The forward movement of the ice lasted four hours. 
No lives were lost. 

On April 29, when off the Westman Islands, Iceland, the 
captain of the Danish mail -steamer Laura threw overboard a 
letter written in Danish. On May 6 the letter was found in 
the stomach of a co<l caught by a French fisherman off Reyk- 
jaiues, about 120 miles distant. The man showed it to the 
French Consul nt Reykjavik, who submitted it to the captain 
of the I^aura. It was much decomposed, but still readable. 

A LANCX, an axe, a sword — all of bronze— an urn, a couple 
of whetstones, and some human remains have been found m 
a mound at Ogue, on the south-west coast of Norway. 

At the last meeting of the Asiatic Society of Japan, Dr. Knott 
read a biographical note on Ino Chukei, the great Japanese 
surveyor and cartographer. The following summary is taken 
from the report of the Japan Wtekly A/at/.— Ino was bom 
in 1744, but did not begin his scientific career till he was 
fifty years of age. Up to that time he was a successful brewer. 
Towards the dose of the century he went to Yedo, and rhei« 
studied astronomy under the elder and younger Takahashi. The 
latter la the man who was put on his trial in 1830 for having 


exchanged maps of Vesso and Japan with Von Siebold for some 
books ; the case, however, was never concluded, for he died in 
the meantime. In the year 1800, Ino began his work of sur- 
veying the coasU and islands of Japan, and for eighteen years 
he continued to labour at it, making in that lime innumerable 
measurements of distance, and between 1 100 and and 1200 direct 
measurements of latitude. The wonder is that he did so much 
wiih such rude instruments os he had, which resembled those in 
use in the West in the sixteenth and seventeenth centuries. The 
records of his survey p^cre compiled in 1821, and were pub- 
lished, under the authority of the Tokio University, in book 
form in 1870, the charts he constructed have been the 

basis of all maps that have since been made. About six or 
seven years ago, Ino was raised by Imperial decree to the rank of 
“ Posthumous," or Senior Fourth Class, an honour seldom held 
in his time by any but nobles, and, moreover, posthumous 
honours are very rarely given. Ino might be named the 
Japanese Picard, the French astronomer who made the first 
good calculation of the sixe of the earth. The instruments— 
an azimuth circle and a quadrant — used by Ino in his survey 
were destroyed by tire, but exact copies of them, constructed in 
1 828, were exhibited at the meeting. 

According to the report of the Inspector of Schools in 
Hong Kong for the past year, the total number of schools subject 
to Government supervision was 94, as again- 1 45 in 1877 and 
13 in 1867 \ the numbers of scholars for the corresponding years 
being respectively 5974, 31 44, and 700. Of the 5974 pupils 
who attended schools under Government supervision in 1887, 
4160 attended missionary schools, and 1814 the Government 
undenominational establishments. In the colony there are five 
classes of schools : (i) Chinese, where a purely Chinese 

education given ; (2) Romanized Chinese, in whicii a European 
education is given in the Chinese language ; (3) Portuguese, 
where a European education is given in the Portuguese language 
only ; (4) Anglo-Chmese schools, numbering eight, with i ifio 
acholais ; (5) English schools, numbering six, with 688 scholars, 
in which the children are taught in the English language only. 
Z'hc Government Central School presented 384 boys for the 
annual examination, and of these 375 passed— that is, the very 
high percentage of 97*65. At this latter school the subjects 
taught are : reading, dictation, arithmetic, Chinese into 
English, English nuo Chinese, grammar, geography, map- 
drawing, composiiion, Euclid, algebra, measuration, history, 
.and Latin. 

Messrs. Eyre and Spottiswoode, os the Government 
publishers, have issued two new volumes of the Report on the 
Scientific Results of the Voyage of the Challenger^" % vol. xxiv. 
Zoology (2 ijarts, text and plates), Report on the Crustacea 
Macrura ; vol. xxv. Zoology, Report on the TelracUnelUda. 

A PAPER on “Wasted Sunbeams,” by Dr. G. M. Smith, of 
New York, has just been reprinted from the Medical Kecord 
The author’s aim is to show that great advantages to health 
might be secured by a rearrangement of the upper stories of 
private dwellings. “ Cannot architectural ingenuity,” he asks, 
“ coaclied by sanitary science, contrive some method of using 
the thousands of acres of housetops, so that roofs, now so useful 
in affording indoor protection from cold, sleet, And rain, can be 
made additionally useful, at certain seasons, by affording out- 
door recreation and protection from invalidism? Cannot the 
same skill contrive new designs for the upper and most salutary 
stories of our dwellings ; playing- rooms and sunning- rooms, 
especially adapted for the winter season, but so cleverly 
fashioned that too intense torrid beams can be excluded in 
summer ? ” 

Mr. J. Ellard Gore has in the press a volume entitled 
“ Planetary and Stellar Studies : papers on the Planets, Stars, 
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and Nebulflf.*' It will be published shortly by Messrs, Roper 
and DroWley. 

Thb Fifteenth Annual Report of the prc^ess of the 
Ge<d<^ical and Natural History Survey of Minnesota, by Mr. 

. N, H. Winchelb State Geologist, has been issued. This Report 
relates chiefly ^o the geology of the iron-bearing rocks. It seems 
8faat during the last two years great interest has been manifested 
with regard to the iron industry in Northern Minnesota. 

Wk have received Part 3 of the twenty-first volume of the 
Journal and Proceedings of the Royal Society of New South 
Waioa, Among tlie contents are papers^-t#^ Port Jackson silt 
l>ed«, by F. B. Gipps ; some New South Wales tan*-8ubstaxices, 
parte 3 and 4, by J. H, Maiden, Curator of the Technological 
Museum, Sydney ; soils and subsoils of Sydney and suburb<?, 
by J. B. Henson ; quarantine and small -pox, by J, Ashburton 
Thompson ; on the presence of fusel-oil in beer, by W. M. 
Hamlet ; autographic instruments used in the development of 
flying-machines, by Lawrence Hargrave. 

Part I of the seventh volume of the ** Encyclopaedic 
Dictionary’' (Cassell and Co.) has just been issued. This care- 
fully-compiled work, as we have repeatedly had occasion to note, 
contains all the words in the English language, with a full 
Account of their origin, meaning, pronunciation, and use. 
Great pains arc taken to secure that scientihe terms shall be 
properly explained. 

Messrs. Oliver and Boyd are about to publish ‘‘India in 
fSSy, as seen by Robert Wallace, Professor of Agriculture and 
Rural Economy in the University of Edinburgh.” The author 
was four months in India and Ceylon, and made inquiry as to 
the breeds of cattle and horses, and as to the condition of 
native agriculture, soils, irrigation, &c. The work contains 
290 illustrations. Prof. Wallace especially wished to ” learn 
m an unmistakable manner what fruits the Cirencester College 
training had borne.'’ 

We have received Parts i and 2 of “The Speaking 
Parrots," by Dr. Karl Russ (Upcott Gill). Much useful 
information is given as to the purchase and reception of parrots, 
the cages in which they ought to be kept, their food, the best 
way of taming and training them, the preserv.ation of their 
healthy and as to their diseases. 

An Australian edition of Longmans' “ School Geography,” by 
Mr. George G. Chisholm, has just been issued, For this 
edition the sections cm Australasia and the British Isles have 
been entirely re-written, and modificationa have been made in 
other .parts of the text with the view of calling attention to 
matters of special interest in Australia and New Zealand. 

A WEW catalogue of mathematical works has been issued by 
Messrs. Dulau and Co. 

Tmt ctnrent number of the Technttiogy QMtrierfy opens with 
wn interesting paper, by Mr. James P. M unroe, on the beginning 
of the Masstchusetts Institute of Technology. The Institute 
was legally established on April 10, i86t, after tnore than two 
years of almost constant effort in the face of opposition and 
discouragement. 

It has been decided that the Miss Williams Scholarship for 
Women, of the annual value of £20^ tenable for three years^ 
shall be offered at the entrance scholarship examination at 
University College, Cardiff, on September 18, and that it may 
be held with a College exhibition. As it is specially intended 
to encourage the higher education of women in Wales, preference 
will be given to the children of Welsh parents. 

A coLtKCTiON of American pottery for the American National 
Museum is about to be made by Dr. David T. Day of the United 
States Geological Survey. Science says that the collection of 


Sevres pottery presented by the French Govermnetit b m 
ceedin^y fine one, as is also (hat of Japanese cvranncB ; niu) the 
department of Indian pottery h not approached eteewhere ill the 
world. But the Museum possesses very IHtle modem Americtm 
pottery. 

The additions to the Zoological Society's Gardens duripg 
the past week include a Macaque Monkey [Maeaeus cynomelgta) 
from India, presented by Mr. A. B. Parker ; a Larger HiU- 
Mynah {Gracu!a intermedia) from North India, presented by 
Mrs. M. von Kornatzki ; two Naked-footed Owlets {Athene 
nactua) from France, presented by Miss Pierce ; a Swamson's 
Lorikeet ( TVtcheglassteei^Hcva'hoi/nndia) from Australia, presented 
by Mr. H. A. Hankey ; two Loggerhead Ducks ( Tnehyerts 
einereus) from the Falkland Islands, presented by Mr. ATcbibald 
McCall ; a Duyker-bok ( Cepkahphus inei‘gens Q ) from South 
Africa, a Red-leg3j;ed Partridge {Caceaiis a Barbary 

Partridge (Caccah‘s petrosa)^ five — Pigeons {CUumha bcUhC) 
from Teneriffe, deposited ; a Bennett's Wallaby {Haimaturus 
bennetti 9 ), two Long-fronted Gerbillcs iongifrans) 

born in the Gardens ; a Yellow-leggetl Herring Gull {l^rus 
cachinnans\ bred in the Gardens. 


OUR ASTRONOMICAL COLUMN 

Rotation Period ok the Sun from Faculv^e. — Tlie fifth 
part of vol. iv, of the Publications of the Afctrophysical Observa- 
tory at Potsdam has recently appeared, and contains a deter- 
mination by Dr. J. Wibing of the rotation period of the sun 
from observations of faciilae. The previous determinations of 
the solar rotation have been based upon observations of the 
spots, or upon the relative displacement of lines in the spectra 
of the east and west limbs, for, as faculse can usually cmly be 
seen well when near the limb, and therefore can seldom be 
watched for more than three consecutive days, and as they 
often undergo rapid changes, they did not seem well suited for 
such a discussion. Their irregular and often straggling shapes, 
too, render measures of their positions much less precise than 
those of spots. Notwithstanding these difficulties Dr. Wilsing's 
inquiry seems to have met with a measure of success. Of the 
faculae shown on the solar photographs taken at Potsdam from 
1884 March 14 to August 31, 144 groups were seen at three or 
more different epochs, at intervals of one or more semi-rotations. 
Arranging these according to their distribution in solar latitude, 
in zones of 3“ wide, Dr. Wilsing finds practically the same rota- 
tion period for each zone from -!- 24® to - 33", the difference 
from the mean of the daily angular motion only exceeding a' in 
a single instance, and in many cases amocuitinjg only to SkI* or 
30". As these differences are so smidl and follow no law, it would 
appear that, whilst, as Carrington and Spoerer have shown, the 
diflerent spot zones have different rates of rotation, the layer of 
the faculm rotates as a whole. Since the faculsc are certamly at 
a higher level than the spots, this conclusion is one which will 
fail to be accepted until we have much further az>d juore con- 
vincing evidence than we have at present. In the present dis- 
cussion it sometimes happens that a group of faculsc is considered 
as identical with an earlier group seen two or three semi- 
rotations earlier, when the same part of the sva hm be^ seen 
in the interval, but without showing the gnoup^ although Uie 
district has bera favourably preseoted for displayii^ faculse. In 
such a case, and particularly if several semi-rotations have 
elapsed, the two groups will be identified or iwt acooevdsng to 
the rotation period assumed ; so that if a si^le roiation period 
for the whole sun be assumed in the preliminary reductions of 
position for the sake of identification of the grou^, there will be 
an inevitable tendency towanls a single rokatiofi period in the 
final result. 

The mean daily angular velocity given by the faculsc ts 14* 16' 
correspondine to a sidereal ^riod of ajd. Jh. 28m. IUEm 
values for the northern and southern hemisphere, taken aepa- 
rttely, differing only by iT 'S. It is worthy of note flint ufls 
corrwponda to the rotation period of spots about latitude 10% us 
given alike by Carrinjrton and Spoerer’s forumlie. and that the two 
zones 5® to 15* yield the mreater number both ofipots and fa^lse 
which are available for these investigations. The present 
cussion, with whatever reserve its condurionS ttetbwaUce^itdd, 
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hoMMpvtr, both iattreitiiis; *nd important and shoidd lead to 
hn^ne* i» tbe aatne dbactioo, wben a more extended 
Mides oC oloemtieai «boald be bdd uoder ecmitibuiton. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK iBUJULV 1-7- 

(Ti Ott the teckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the honre on to 24, 
if hew employed, ) 

Af Qriefmich on July 1 
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Sidereal Time at Sunset, r4h. 58m. 
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GEOGRAPHICAL NOTES. 

At Mimd»y*s meeting of the Royal Geographical Society, Lieu- 
tenant WisatMntt was pnrsentT *«d was formally presented hy the 
Tresideiit witfarthe go» medal which has been awarded Co him by 
the Society f <rlite eaploritig worie in A6dca, Ueutenant Wissmonn 
afterwords gave some account of bio eapiorations in the region 
to thte soutS of the great Congo btwd. He began his African 
work eight ycM ago in company with tbe late Dc, Pogge, with 
whom m Wwrsod the region between Loanda and 
Wwagwo on the Upper Coitgo, Tbs' Kawai and sewra! others 
of dfergroat risen tnibt flow north to the Congo were crossed, 
«Ad a mige am of new country, thickly covered with an 
hiteresring perpilatfon, opened iNr, Pogge retnnsed to 
west mst» whiht Lieutenuiv Whafttona proceeded from 
Zanribor. He rettrreed to Africa a second time in 
the soretce of the King of the l3elgians, and in oompany with 


Dr. Wolf, Lieutenant von Francois, and others, made his way 
again from Loanda into the interior. During the period between 
1884 and 1887, UeuteoantWUwnann explored the Great Kaswi, 
and did much to unravel the complicated system of rivers, of which 
it is the centre. Moreover, his observations on the people, as well 
as the fauna and flora, reiser his work of great scieaiiflc value. 
He again crossed to Nyangwe, and, by Laltcs Tanpnpka ^ 
Nyassa, reached the east coast at tlxe mouth of the Zaiu^i. He 
returned to Europe in the autumn of last year, whh 1^ beaUh 
shattered, and was cotupeUed to go to Madeira to recruiL Now 
Lieutenant Wissmann returns to Germany, and will no doubt 
there work out the rest^ts of bis eight years’ work in Africa. 
Already one volume has been publish^ dealing with the 
exploration of the ^assai'Sankuni. 

Captain W, J. L. Wharton, the Hydrographer, also read a 
paper at Monday’s meeting of the Royal Geographical Society. 
He described the results of a very complete examination which 
has recently been made of Christmas Island, in the Indian 
Ocean, some 200 miles south of the western end of Java, The 
island is a peculiar one, and extremriy rfitficult to explore. It 
consists a^>pareotIy of high diffi of coral, covered with the 
densest vegetation. After describing the results of examinaHon 
by Captain Aldnch and otheix, Captam Wharton concluded by 
giving a summary of the concluskms to be drawn. We have, 
he said, a high island, on the surface of which, wherever ex- 
amined, we find limestone, bearing in most places the appearanoe 
of coral origin/ though in some specimens the shells of the 
Foraminifera abound, and in none of them have direct evidewces 
of coral structure been detected. It must be remembered, how- 
ever, that coral limestone becomes so altered by the deposition 
of lime by infiltration, that a large surface of it may be 
searched before a piece retaining its coralline structure is found, 
and that the specimens sent home are very small. From the 
description of Captain Aldrich, who is well acquainted with 
coral formations, it may Ik taken for granted that the majority 
of this rock of coral origin. The rock forming the 
summit is of ihU structureless character. In two spots, and 
at the bottom of a hole in the summit of the ridge, we have 
volcanic rock. The island is rtty steep on all sides, great 
depths being found close to the cliffs, while on all sides, at a 
short distance, .soundings over three miles in depth were 
obtained. It appears, then, most probable that Christma* 
Is)an<l is founded on a volcanic m<Jund which ro'te from the 
bottom to a certain <li stance from the surface of the sea ; that 
Foraminifera shells dying on the surface were rained upon- it in 
sufficient number to fonn a stratum, since solidified into lime- 
stone rock ; that as the mound neared the surface, corah; built 
upon it, and it is possible from the sketch of the island, and 
froui Captain Aldrich’s descript ipn of the slope of the rid^ 
inwards, that it first assumed an atoll form. This, however, U 
a mere inference from probabilities. The island was next 
gradually upheaved, the coral growing ovitwards on tbe gentle 
slojK until a periol of immobility ensued Jong enough to permit 
the waves to erode the upper cliff. Another short period of 
upheaval, and one of stationary character ensued, when the 
second cliff was worn away. A third interval of opheavaL 
probably longer than the others, and then a second stand, when 
the lowest and highest inland cliff was formed. Finally, wnother 
lift was given, and the stationary period now in existence com- 
pleted the process, The volcanic stones found in various place* 
on the higher parts of the island point to a thinning of the 
limestone covering in those places. Denudation has worn away 
the limestone, and the volcanic core is consequewtly exposed 
has never lived on Christroaa Island, nor would it Ik a pleasant 
residence, ns, apart from the fact that there is no waters— the 
rain sinking into the limestone rock— the extreme cUscomfort of 
locomotion, and the alwence-of any harboof whence the produce 
that might possibly be raised could be conveniently shipped, will 
deter any settlers from seeking a home there until other more 
favourable spots are occupied. There is no other imtawe srith 
which Captain Wharton is acquainted of an inland of this height 
retaining its coral covering so intact. Coral reefs hove been 
found at heights of tooo feet in Cuba, in the Fiji Islands, and 
otlier places ; but in all caoes they ore mere fragment^ and the 
intervening space# show no signs of coral. Forther and closer 
iftveBtto^tfon may recotd more direct evidence of its strectur^ 
and of the succewWe steps which have resnlted in its pre sent 
condition ; but the Hydrognipher thought our present knowledge 
of Christmas Island was sufficient to make this short notice 
interestiog to the Society. 
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DIFFRACTION OF SOUND} 

interest of the subject which 1 propose to bring ^fore 
you this evening turns principally upon the connection or 
analogy between light and sound. It has been known for a 
very long time that sound is a vibration ; and everyone here 
knows that light is a vibration also. The last piece of know* 
ledge, however, was not arrived at so easily as the first ; and 
one of the difficulties which retarded the acceptance of the view 
that light is a vibration was that in some respects the analogy 
between light and sound seemed to be less perfect than it should 
be. At the present time many of tha students at our schools 
and universities can tell glibly sJl about it ; yet this difficulty is. 
one not to be despised, mr it exercised a di^mining influence 
over the great mind of Newton. Newton, it would seem, 
definitely rejected the wave-theory of light on the ground that 
according to such a theory light would turn round the comers of 
obstacles, and so abolish shadows, in the way that sound is 
generally supposed to do. I'he fact that this difficulty seemed 
to Newton to be insuperable is, from the point of view of the 
advancement of science, very encouraging. 1‘hc difficulty which 
stopped Newton two centuries ago is no difficulty now. It is 
well known that the question depends upon the relative wave- 
lengths in the two cases. Light- shadows are sharp under 
ordinary circumstances, because the wave-length of light is so 
small ; sound-shadows are usually of a diffused character, because 
the wave-length of sound is so great. The gap between the two 
is enormous. I need hardly remind you that the wave-length of 
C in the middle of the musical scale is about 4 feet. The 
wave-length of the light with which we are usually concerned, 
the light towards the middle of the spectrum, is about the forty- 
thousandth of an inch. The result is that an obstacle which is 
immensely large for light may be very small for sound, and will 
therefore behave in a different manner. 

That light-shadows are sharp is a familiar fact, but os I can 
prove it in a moment I will do so. We have here light from the 
electric arc thrown on the screen ; and if I hold up my hand 
thus we have a sharp shadow at any moderate distance, which 
shadow can be made sharper still by diminishing the source of 
light, Sound*j>hadow8, as I have said, are not often sharp ; but 
1 believe that they are sharper than ia usually supposed, the 
reason being that when we pass into a sound-shadow — when, for 
example, we pass into the shade of a large obstacle, such as a 
building — it requires some Utile time to effect the transition, 
and the consequence is that we cannot make a very ready 
comparison between the intensity of the sound before we enter 
and its diminution afterwards. When the comparison is made 
under more favourable conditions, the result is often better than 
would have been expected. ^ It is, of course, impossible to 
perform experiments with such* obstacles before an audience, and 
the shadows which I propose to show yoii to-night are on a 
much smaller scale. I shall take advantage of the sensitiveness 
of a flame such as Professor Tyndall has often used here — a 
flame sensitive to the waves produced by notes so exceedingly 
high as to be inaudible to the human car. In fact, all the 
sounds with which I shall deal to-night will be inaudible to the 
audience, I hope that no quibblcr will object that they are 
therefore not sounds; they arc in every respect analogous 
to the vibrations which produce the ordinaiy sensations of 
hearing. 

I will now start the sensitive flame. We mu.st adjust it to a 
reasonable degree of sensitiveness. I need scarcely explain the 
mechanism of these flames, which you know are fed from a 
special gas-holder supplying gas at a high pressure. When the 
pressure is too high, the flame flares on its own account (as this 
^ne is doing now), independently of external sound. When 
the pressure is somewhat diminished, but not too much so — 
when the flame “ stands on the brink of the precipice" were, I 
think, Tyndall’s words — the sound pushes it over, and causes it 
to flare ; whereas, in the absence of such sound, it would remain 
erect and unaffected. Now, I believe, the flame is flaring under 
the action of a very high note that I am producing here. That 
can be tested in a moment by stopping the sound, and seeing 
whether the flame recovers or not. It recovers now. What I 
want to show you, however, is that the sound-shadow.s may be 
very sharp. 1 will put my hand between the flame and the 
aouroe of sound, and you will see tJie difference. The flame is 
at present flaring ; if 1 put my hand here, the flame recovers. 

* Lecture delivered >y Lord Rayleigh, F.R.S., at the Royal lastitutioa, 
^ January eo, t888. 


When the adjustment is correct, my hand » a sufficient obstacle 
to throw a most conspicuous sh^ow. The flame is now in the 
shadow of my hand, and it recovers its steadiness : I move my 
hand up, the sound comes to the flame again, and it flares. 
When the conditions are at their best, a very small obstacle Is 
sufficient to make the entire difference, and a sound -shadow may 
be thrown across several feet from an obstacle as small as the 
hand. The reason of the divergence from ordinary experience 
here met with is, that while the hand is a fairly larrc obstacle 
in comparison with the wave-length of the sound I am here 
using, It would not be a sufficientlv large obstacle in comparison 
with the wave-lengths with which we have to do in ordinary 
life and in music. 

Everything then turns upon the question of the wave-len^h. 
The wave-length of the sound that I am using now is abont 
an inch. That is its complete len^h, and it corresponds to a 
note that would be very high indeed on the musical scale. The 
wave-length of middle C being four feet, the C one octave above 
that is two feet ; two octaves a^ve, one foot ; three octaves above, 
six inches ; four octaves, three inches ; five octaves, one and a 
half inch ; six octaves, three-quarters of an inch ; between that 
and the next octave, that is to sav, between six and seven octaves 
above middle C, is the pitch of the note that I was just now 
using. There is no difficulty in determining what the wave-length 
is. The method depends upon the properties of what are known 
as stationary sonorous waves os oppose<l to progressive waves. 
If a train of progressive waves are caused to impinge upon a 
reflecting wall, there will be sent back or reflected in the reverse 
direction a second set of waves, and the co-operation of these 
two sets of waves produces one set or system of stationary waves ; 
the distinction being that, whereas in the one set the places of 
greatest condensation are continually changing and passing 
through every point, in the stationary waves there are aefinite 
points for the places of greatest condensation (nodes), and others 
distinct and clcftniie (loops) for the places of greatest motion. 
The places of greatest variation of density are the places of no 
motion - the places of greatest motion are places of no variation 
of density. By the operation of a reflector, such as this board, 
w’e obtain a system of stationary waves, in which the nodes and 
loops occupy given positions relatively to the board. 

You will observe that as I hold the board at different distances 
behind, the flame rises and falls — I can hardly hold it still enough. 
In one position the flame rises, further off it falls again ; and as 
1 move the board back the flame passes continually from the 
position of the node — the place of no motion— to the loop or 
place of greatest motion and no variation of pressure. As I move 
back, the aspect of the flame changes ; and all these changes are 
due to the reflection of the sound-waves by the reflector which I 
am holding. The flame alternately ducks and rises, its behaviour 
depending npon the different action of the nodes and loops. The 
nodes occur at distances from the i*eflecting wall, which are even 
multiples of the quarter of a wave-length ; the loops are, on the 
other hand, at distances from the reflector which are odd 
multiples, bisecting therefore the positions between the loops. 1 
will now show you that a very slight body is capable of acting as 
a reflector. This is a screen of tissue-paper, and the effect will 
be apparent when it is held behind the flame and the distances 
are caused to vary. The flame goes up and down, showing that 
a considerable proportion of the sonorous intensity incident upon 
the paper screen is reflected back upon the flame ; otherwise the 
exact posiiion of the reflector would be of no moment, I have 
here, however, a different sort of reflector. This is a glass plate 
~I use glass so that those behind may see through it — and it 
will slide upon a stand here arranged for it. When put in this 
position the flame is very little affected : the place is what I caB 
a node — a place where there is great pressure variation, but no 
vibratory velocity. If I move the glass back, the flame becomes 
vigorously excited : that position is a loop. Move it back stUl 
more, and the flame becomes fairly quiet ; but you see that as the 
plate travels gradually along, the flame goes through these cvoltt- 
tiona as it occupies in succession the position of a node or the 
position of a loop. The interest of this experiment for our 
present purpose depends upon this— that the distances throggh 
which the glass plate, acting as a reflector, must be suooessivMy 
moved in order to pab the name from a loop to the next k>op, or 
fiom a node to the consecutive node, ii in each case halt the 
wave-length ; so that by measuring the space through which the 
plate is thus withdrawn one has at once a measurement of the 
wave-length, and consequently of the pitch of U>e sound, dkough 
one cannot hear it. 
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question of whether the fUme is excited at the nodes or 
at the loops^ whether at the places where the pressure varies 
mosli or at those where ^here is no variation of pressure, but 
considerable motion of air— ^s one of considerable interest from 
the point of view of the theory of these flames. The experiment 
could be made well enough with such a source of sound as I am 
DOW using ; but it is made rather better by using sounds of a 
lower pitch, and therefore of greater wave-length, the discrimina- 
tion t>elng then more easy. Here Is a table of the dUtances 
which the screen must be from the flame in order to give the 
maximum and the minimum effect, the minimum being practically 
nothing at all. 

Tabic of Maxima and Minima. 


Max. 

Min. 

I*I 

30 

4’5 

5 '9 

7*5 

8-9 

10 '3 

n7 

130 

14*7 

15-9 



The distsiice lietwcen successive maxima or successive minima 
is very nearly 3 cm,, and this is accordingly half the length of the 
wave, 

Hut there is a further question behind. Is it at the loops or 
is it at the nodes that the flame is most excited ? The table shows 
what the answer must be, because the nodes occur at distances 
from the screen which arc even multiples, and the loops at 
distances which arc odd raultipies ; and the numbers in the 
table can be explained in only one way — that the flame is exciteil 
at the loops corresponding to the odd multiples, and remains 
quiescent at the nodes corresponding to the even multiples. 
This result is especially remarkable, because tlie car, wlien 
substituted for the flame, behaves in the exactly opposite manner, 
l»eing excited at the nodes and not at the loops. 7 *he experi- 
ment may be tried with the aid of a tulie, one end of which is 
placed in the ear, while the other is held close to the burner. It 
is then found that the eat is excited the most when the flame is 
excited least, and vice versd. The result of the experiment 
shows, moreover, that the manner in which the flame is dis- 
integrated under the action of sound is not, as might be expected, 
symmetrical in regard to the axis of the flame. If it were 
symmetrical, it would be most affected by the symmetrical 
cause — namely, the variation of pressure. The fact being that it 
is most excited at the loop, where there is the greatest vibratory 
velocity, shows that the method of disintegration is unsym- 
metrical, the velocity being a directed quantity. In that respect 
the theory of these flames is different from the theory of the 
water- jets investigated by Savarl, which resolve themselves into 
detached drops unrlcr the influence of sonorous vibration. The 
analogy fails at this point, and it has been pressed too far by 
some experimenters on the suViject. Another simple proof of 
the correctness of the result of our experiment is that it makes 
all the difference which way the burner is turned in respect of 
the direction in which the sound-waves are impinging upon it. 
If the phenomenon were symmetrical, it would make no 
difference if the flame were turned round upon its vej tjcal axis. 
But we find that it does make a difference. This is the way in 
which I was using the flame, and you see that it is flaring 
strongly. If I now turn the burner round through a right angle, 
the name stops flaring. I have done nothing more than turn the 
burner round and the flame with it, showing that the sound- 
waves may impinge in one direction with great effect, and in 
another direction with no effect. The sensitiveness occurs again 
when the burner U turned through another right angle ; after 
three ri^t angles there is another place of no effect ; and after 
a compete revolution of the flame the original sensitiveness 
recurs. So that if the flame were stationary, and the sound- 
waves^ camCi say, from the north or south, the phenomena 
would be exhibited ; but if they came from the east or west, the 
flame would make no response, 

. This is of convenience in experimenting, because, by turning 
the bhraer round, I make the flame almost insensitive to a 
sound, and I ani now free to show the effect of any sound that 
inay m brought to it in the petpendScuiar direction, t am going 


to use a very small reflector — a small piece of looking-glass. 
Wood would do as well ; but looking-glass facilitates the adjust- 
ment, because my assistant, by seeing the reflection, will be 
able to tell me when I am bolding it in the best position. Now, 
the sound is being reflected from the bit of gloss, and is causing 
the flame to flare, though the same sound, travelling a shorter 
distance and impinging in another direction, is incompetent to 
produce the result (Fig. i). 

1 am now going to move the reflector to and fro along the 
line perpendicular to that joining the source and the burner, all 
the while maintaining the adjustment, so that from the position 
of the source of sound the image of the flame is seen in the 
centre of the mi rror. Seen from the source, it is still as central 
as before, but it Mf^ost its effect, and as 1 move it to and fro 1 
produce cycles of effect and no effect. What is the cause of 
this? The question depends upon something different from what 
1 have been speaking of hitherto ; and the explanation is, that 
we are here dealing with a diffraction phenomenon. The mirror 
is a small one, and the sound-waves which it reflects are not big 
enough to act in the normal manner. We are really dealing 
with the same sort of j^henomena as arise in optics when we use 
small pin-holes for the entrance of our light. It is not very easy 
to make the experiment in the present form quite simple, 
because the mirror would have to be withdrawn, all the wnile 
maintaining a somewhat complicated adjustment. In order to 
raise the question of diffraction in its simplest shape, we must 
have a direct course for the sound between its origin and the 
place of observation, and interpose in the path a screen perforated 
with such holes as we desire to try. 

The screen I propose to use is of glass. It is a practically 
perfect obstacle tor such sounds as wc are dealing with ; but it 
is perforated here with a hole (20 cm. diameter), rendered more 
evident to those at a distance by means of n circle of paper 
pasted round it. The edge of the hole corresponds to the inner 
circumference of the paper. We shall thus ue able to try the 
effect of different-sized apertures, all the other circumstances re- 
maining unchanged. The experiment is rather a difficult one 
before an autliencc, because everything turns on getting the 
exact adpistment of distances relatively to the wave-length. At 
rasent the sound is passing through this comparatively large 
ole in the glas> screen, and is producing, as you see, scarcely 
any effect upon the flame situated opporite to its centre. But if 
(Fig. 2) I diminish the size of the hole by holding this circle of 
zinc (perforated with a hole 14 cm. in diameter) in front of it, 
it is seen that, although the hole U smaller, we a far greater 
effect. That is a fundamental phenomenon in diffraction. Now 
I reopen the larger hole, and the flame becomes quiet. So that 
it is evident that in this case the sound produces a greater effect 
in passing through a small hole than in passing through a larger 
one. The experiment may be made in another way, by ob- 
structing the central in place of the marginal part of the aper- 
ture in the glass. When I hold this unperforated disk of zinc 
(14 cm. in diameter) ccntrically in front, wc get a greater effect 
than when the sound is allowed to pass through both parts 
of the aperture. The flame is now flaring vigorously under 
the action of the sonorous waves passing the marginal part 
of the aperture, whereas it will scarcely flare at all under the 
action of waves passing through both the marginal and the 
central hole. 

This is a point which 1 should like to dwell upon a little, 
for it lies at the root of the whole matter. The principle upon 
which it depends is one that was first formulated by Huygens, 
one of the leading names in the development of the unclulatory 
theory of light. In this diagram (Fig. 3) is represented in 
section the different parts of the obstacle, c represents the 
source of sound, B represents the flame, and A P Q is the screen. 
If we choose a point, p, on this screen, so tliat the whole dis- 
stance from B to c, reckoned through v, viz. B i* c, exceeds the 
shortest distance B A c by exactly half the wave-length of the 
sound, then the circular area, whose radius is A r, is the first 
zone. We take next another point, Q, so that the whole dis- 
tance B Q c exceeds the previous one by half a wave-length. 
Thus we get the second xonz represented by p q. In like manner, 
by taking different points in succession such that the last dis- 
tance taken exceeds the previous one every time by half a 
wave-length, we may map out the whole of the obstructing 
screen into a series of zones called Huygens' zones. I have here 
a material embodiment of that notion, in which the zones are 
actually cut out of a piece of zinc. It is ra^y to prove that the 
effects of the parts of the wave traversing the alternate zones ore 
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Opposed : that whatever may be the effect of the first A ^ 
the e*»ct opposite will be the efiecl of P Q, and so ot. Thus, H 
AP a»d V Q are Ijoth allowed to operate, while all bej^d Q is 
cat off, the waves will neutealiee one another, and the tOect 
will be immensely less than if ap or p q operated alone. And 
that is what we sow just now, Wheti I used inner apert^e 
only, a comparatively loud sound acted upon the flame. WhCT 
I i^ded to thht inner aperture the additional aperture P Q, the 
sound disappeared, showing that the effect of the latter was 
equal and opposite to that of A P, and that the two neutralised 

each other. ^ . i ^ 

[If A c = a, A B = A R = jr, Wave fength = A, the value of 

X for the external mdius of the «lh zone is ^ 


3K «A 


a 


or, if a 


ad 
=: JmAj. 


With the apertures used above, ;r® « 49 for #» as i ; y* = i<» 
for M aa 2 ; so that 

ha 3: 100, 

the measurements being in ccntimetpcs. This givef fhtf 
able distances, when h is known. In the present case A » nt, 

— 81 1 

Closely connected with this there is anoth^ very ijderesttiy 
experiment, which can easily be, tried, and which has wao an im- 
portant optical analogy. I mean the expenment of 
thrown by a circular disk. If a very small sonree of light he 
taken—such a source as would be produced by perforating a 
thin plate in the shutter of the window of a dark room with a ptti, 
and causing the rays of the sun to enter horixontally— and if we 
interpose in the path of the light a small circular obstao e, and 
then observe the shadow thrown in the rear of that oUtacle, a 
very remarkable peculiarity manifests itself. It is found that m the 
centre of the shadow of the obstacle. 


, where the darkness might 
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be expected to be greatest, there is, on the contrary, no darkness 
at all, hut a bright spot, a spot as br-ght as if no obstwle 
intervened in the course of the light. The history of this subject 
U curious. The fact was first observed by Delisle in the early 
part of the eighteenth century, but the observation fell into 
oblivion. When Fresnel began his important investigations, his 
memciron diffi action was communicated to the French Academy, 
and was rei>orted on by the great mathematician Poisson, 
PoisBOD was not favourably impressed by FresnePs theoretical 
views. Like most mathematicians of the day, he did not take 
kindly to the wave theory ; and in his report on Fresnel’s 
memoir, he made the objection that if the method were applied, 
as Fresnel had not then done, to investigate what should 
in the shadow of a circular obstacle, U brought out this para- 
doxical restth, that in the centre there would be a bright point 
This was regarded as a raiucth ad <dfmrdum of the thwry. All 
the time, as 1 have mentioned, the record of Delisle’s observa- 


tions was in existence. The remarks of Poisson were brou ght 
the notice of Fresnel, the experiment was tried, and the brim 
point was rediscovered, to the gratification of Fresnel and the 
confirmation of his theoretical views. I don*t propose to s:ttemgt 
the optical experiment now, but it can easily he tried^ rt>rs 
own hiboratory. A long room or passage must be dawened 1 a 
fburpenny bit may be used as the obstacle, strung tip Iw thr^ 
hairs attached by sealing-wax. When the shadow of the obsWk 
is received on a piece of ground glass, and examined from bwi#d 
with a magnifying lens, the bright spot will be seen w ithout 
much difficulty. But what I propose to Aow rou is the toirc - 
sponding phenomenon in thr case of sound. Fretnefs rea ttanwg 
is applicable, word for word, to the phettotn«ia w* art 
ing just as much as to that which he, or rather Pofesoft, Iw Jh 
view. The disk (Fig. 4), which I shall hang op bow 
the source of sound and the flame, is of |^«ss. 
ioches in diameter. I believe the flame i* flhrfbg now ww» wii® 
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% spot If 1 miike a smalt motion of the disk, I shall 

.mave tha biignt spot and the effect will disappear. I am ^h- 
hsg ^ disk awii^ now, and the daring has stopped. The flame 
la ffttil in thoahadow of the disk, bat not at the centre. I bring 
liie dMc back and when riiedame comes into the centre 
it dms agasa Ti^oronsly. That is the phenomenon which was 
diaeoviaiiea by DeUsle «nd eon&roied Arago and Fresnel, but 
■arthematlcally it w» anggealed Poisson. 

Dttc 


FkAiee 


Sound- 


Fio. 4- 

^ Poiaaon's calculation related only to the very central point in 
the axis of the disk. More recently the theory of thU experi- 
ment has been very thoroughly examined by a German mathe- 
maticiac, Lommcl ; and I have exhibited here one of the curves 
given by him embodying the results of his calculations on the 
SHbject (Fig, 5). 

The abadsase, measured horizontally, represent distances 
drawn outwai^ from the centre of the shadow o ; the ordinates 
mearare the mtensity of the light at the various points. The 
tnaximiim intensity o A is at the centre. A little way outwards, 
at B, tke mtenaity faUa almost, but not ^uite, to zero. At c there 
is a revival of intewity, indicating a bright ring ; and further out 
there is a succession of subordinate fluctuations. The curve on 


c3r tfvcftea 


X— . 
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9 ? 


•* 


loud central point. If T push the disk a little, we enter the ring 
of silence, B ; ^ a little fnriher, and the flame flares again, being 
now at c. 

Although we have thus imitated the optical experiment, I 
must not leave you under the idea that we are working under the 
name conditions that prevail in optics. You see the diameter of 
my disk is 15 inches, and the length of my sound-wave is about 
half an inch. My disk is therefore about thirty wave-lengths in 
diameter, whereas the diameter of a disk representitw thirty 
wave-lengths of light would be only about r^v Still, the 

conditions are suffictently alike to get corresponding effects, 
and to obtain this bri^t point in the centre of the shadow 
conspicuously developed. 

I will now miflie an experiment illustrating still further the 
principle of Huygens* eones. which I have already roughly 
sketched. I indicated that the effect of contiguous zones was 
equal and opposite, so that the effect of each of the odd eones 
is one thing, and of the even zones the cyposite thing. If we 
can succeed in so preparing a screen as to fit the system of zones, 
allowing the one set to pass, and at the same time intercepting 
the other set, then we shall get a great effect at the central 
point, because we shall have removed those parts which, if they 
remained, would have neutralized the remaining parts. Such a 
system ha* been cut out of zinc, and is now hanging before you. 
When the adjustments are correct, there will be produced, under- 
the action of that circular gTating> an effect much greater than 
would result if the sound-waves were allowed to pass on without 
any obstruction. The only point difficult of explanation is as to 
what happens when the system of zones is compliete, and extends 
to infinity, viz. when there is no obstruction at all. In that case 
it may be proved that the aggregate effect of all the zones is, in 
ordinary cases, half the effect that would be produced by any one 
rone alone, whereas if we succeed in stopping out a number of the 
alternate zones, we may expect a large multiple of the effect of 
one zone. The grating is now in the right position, and you see 
the flame flaring strongly, under the action of the sound-waves 
transmitted through these alternate zones, the action of the other 
zones being stopped by the interposition of the zinc. But tlw 
interest of the experiment is principally in this, that the flame is 
flaring mor^ than it would do tf the grating were removed alto- 
gether. There is now, without the grating, a very trivial 
flaring ; • but when the grating is in position again— though a 
great part of the sound is thereby stopped out — the effect is far 
more powerful than when no obstruction intervened. The 
grating acts, in fact, the part of a lens. It concentrates the 
sound upon the flame, and so produces the intense magnification 
of effect which we have seen. 

[The exterior radius of the ffth zone being v, we have, from 
the formula given above — 
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so that if a and If be the distances of the source and image from 
the grating, the relation required to maintain the focus is, as 
usual, 


1 I 
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tbn otbar side al aA would of course be similaar. This curve cor- 
^ea^exuk io the dfatanees «nd |»reportioii8 indicated. ^ is the 
dsstnace bntwven the smim of sound and the dUk ; ^ is the dts- 
fanoe Um disk nnd the place where the 

utewly is etamd* The nnniben giwen are taken from the 
Mpt nf m BMidsMiit wittch -siwnt well If we can get our 
flajMi m tM MtA ptdAt of eeasitivenns, we may succeed in 
Mtim ^ noit only the oenttat spot, but the revived 
^Mmaidilch e c ffl u rs after yon have got away from the central 
point and have passed through the ring of silence. There is the 


y* 

where /, the focal is given by — 

/= - • 

In the actual grating, eight tones (the fint, third, 
fifth, &c.) are occupied by metal. The radius 
of the first zone, or central circle, is 3 inches, 
BO that “ 9. The focal leti^h is neces- 
sarily a fanction of A.. In the present case A = 1 
inch nearly, and therefore / = 18 inches. It a and A are the 
same, each must be made equal to 36 inches.] 

SCIENTIFIC SERIALS. 

Setme d' Anthra^lo^t^ troisibme s^rie, tome iti,, i888 
(ParisV— Stratigraphic paleontology in relation to man, by M. 
Martellin Boule. Reiecting as unauthenticated all evidence of 
human eiietence in the Tertiary age, the author considers the 

‘ With th« data given Above (he diameter of the silent ring is two^rdi of 
an inch. 

* Under the best conditlooe the fUmo is absolutely imalfocted. 
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grounds on which we msy assume that the so-caUed Saint 
Acheul flint instruments, found in alluvial beds of undoubted 
Quaternary origin, supply the most ancient testimony of man’s 
presence on the surface of the earth. While attaching great 
Importance to the careful elucidation of the chronological order 
in which the oldest traces of men appear relatively to the 
different series of the Quaternary formations, he points out the 
imminent risk ®f losing the few opportunities which still remain 
of studying this connection between the objects found and the 
nature and order of sequence of the beds Sn which they were 
deposited, owing to the most interesting 6nds having long been 
made to swell the collections of our M'useums without reference 
♦o their value as exponents of the problems of our primitive 
history. M, Marcellin Boule considers iHftr palrcologists have 
erred in assuming that all beds containing the .‘Jamc fossil 
remains must necessarily belong to the same epoch, and that 
sufficient importance has not been attached to the fact that the 
same deposit often contains a mixture of animal forms belonging 
both to so-called northern and southern types. In explanation 
of these and many other anomalous phenomena, he thinks 
we may derive important help from a careful consideration of 
the intcrmittence and recurrence of glacial action. In regard to 
this point he recognizes the great value of the lalwurs of 
British and American as well as Scandinavian and German 
geologists when compared with those of the majority of their 
French confrires ; and, following the lead of our own paleeonto- 
logisrs, he refuses to believe that any traces of human existence 
can be referred to pre-glacial although some may perhaps 
be assigned to inter-glacial periods ; while he considers that in 
certain northern lands, as Denmark and 5 >outhem Sweden, where 
there is a complete absence of Palneolithic objects, their non- 
appearance may be explained by the ice-covering not having 
b^n entirely removed in these regions till the dawn of the age 
of polished stone. — The tibia in the Neanderthal race, by Prof. 
Julien Fraipont. Asa further exposition of the views which the 
author, in concert with M. Lohest, had expressed in regard to 
the effect on the maintenance of the vertical position of the 
obliquity and curvature of the femur in the ** men of Spy,” he 
now attempts to show, from the observations of others, and his 
own anatomical experiments, that in this inclination of the head 
of the femur we have a characteristic common to the anthropoids. 
An ingeniously devised series of determinations of the variations 
of the axis of the head of the tibia in recent man, the men of 
Spy, the gorilla, and other anthropoids, shows the gradual 
straightening of the axis as wc ascend from the latter to existing 
man, in whom there is a well markcd tendency to the fusion of 
the axis of the head of the tibia with that of the body. From 
a careful comparison of the gradual anatomical changes pre- 
sented in man since his earliest representative appeared in the 
Quaternary age, M. Fraipont believe^ weare jiistified in assuming 
that the human race has progressively acquired a more and more 
vertical posture. — On the papulation of the ancient Pagus-Cap- 
Sizun, ** Cape du Raz,” by MM. Lc Carguct and P. Topinard. In 
considering the map of France from an ethnographic point of 
view, French anthropologists are generally agreed in regarding as 
specially Celtic the region which includes Brittany, Auvergne, ami 
tne entire mass of mountains extending through Central France 
and Savoy. The population of the eastern portion of ihis region 
is more brachycephalic than that of the western, which has been 
largely affected by admixture with the blonde, tall, dolicho- 
cepnalic races whose presence is traceable everywhere in Europe, 
although more definitely the further north we go. This admixture 
of types is most strongly marked in Brittany, where French is 
the i-poken tongue in Haiue-Bretagne, and Breton (apparently 
a diaUct derived from an ancient Kymric language) tne pre- 
dominant ton^e in Basse- Bretagne. Among the many interesting 
localities of the latter region, special attention is due to Pointe 
du Raz, which, from the nature of its rocky boundaries on the 
land side, and its position further west than any other in France, 
has been virtually cut off from communication with the rest of 
the country, in consequence of which its pmjulation presents 
relatively fewer marks of mixed origin. M. Topinard supplies 
an interesting report on the geological, historical^ and ethnological 
characteristics of the Cape du Kaz district, and thus enhances 
the value of the series of observations regarding the population 
of this far west of France which have been supplied by M. Lc 
Caiguet, and may be generally summarized as leading to the 
inference that the Capistc ” race is essentially Breton in regard 
to the predominance of blue eyes with dark hair, and their 
generally low stature, these characteristics being associated with 


a disposition in which courage and energy are blended with 
strongly marked avarice and a love of greed ; while in other 
respects they show evidence of a stroiwly- marked Celtic type. — 
Heredity in political economy, by de Lapouge. In this 
sequel to his former articles on “ Inequality among Men,” the 
author urges that it is the duty of the State to use all means at 
its disposal to eliminate the degenerate, and multiply the favoured 
elements of which the community is composed. As an ultra- 
pessimist in regard to the advance of inferior races through 
civilization, he points to the small effect which thousands of 
years have effected in the natives of the Black Continent. To 
him, equality and fraternity arc mere delusive terms, based on 
an insufficient esiioiate of the force of the immutable laws of 
Nature, from amongst which we cannot exclude natural selection 
and survival of the fittest. As the avowed opponent of the 
doctrine of the amalgamation of types, and the productioa 
of permanent hybrids, he proclaims it as his opinion that, if the 
higher races are not to be exterminated by the lower, they rouht 
ally themselves solely with their own dolichocephalic, blonde, 
Ai^an kindred. In treating of ihe question of selection he 
passes in review the bearing that religious opinions have had 
among different races in determining various degrees of con- 
sanguinity which were to be recognized as natural barriers 
amst intermarriage among relatives. Considered generally, 

. de Lapouge’s article is a protest against futile attempts in 
the assumed name of philanthrophy to raise inferior types at the 
expense of those whom history from its earliest dawn has shown 
us to have been the leaders and pioneers in every path of human 
progress. — In a note on the recurrence among the rroven9als 
of the present day of the myth of Ibicus, M. le Dr. B^renger- 
F^rand draws attention to the numerous characteristics derived 
from Hellenic antiquity which are still to be met with on the site 
of ancient Greek settlements. The modem tale of the detection 
of a murder through a reference by the murderers thentselves to 
the birds which had been near the spot where the deed was 
done, is current both at Toulon and La Grasse. Both versions 
agree closely with the Greek original as to the course of the 
events, although the myth had been accepted os a true account 
of a contemporaneous occurrence in the latter place many years 
before it received its modern names of persons and places from 
the Toulonai5.“ln a note on the history of anthrc^logy i'l 
1788, M. Topinard has collected together various inieresihtg 
details as to the precise meaning attached at that and earlier 
periods of the last century to the terms anthropology and 
ethnology. A doubt exists, however, a.s to the latter term, 
which IS generally believed to have originated in its present 
sense with W. Edwards, when in 1839 he founded his so-called 
Ethnological Society. Dr. Topinard derives many curious facts 
from the manuscript work of Chavannes, Professor of Theology at 
Lausanne, whose speculative views as given in his writings he 
believes to have largely influenced the Encyclopaedists no lesa 
than the author of “ Emile." — Report by Dr, P. 'I'opinardon the 
Neolithic skull, found at Feigneax(Oise)in 1887, wnich presenl*^ 
undoubted traces of having been trepanned both during life and 
after death. 


SOCIETIES AND ACADEMIES, 

London. 

Royal Society, May 31.— “ Colour Photometry. Part II. 
The Measurement of Reflected Colours.” By Captain W, 
de W. Abney, R.E., F.R.S., and Major-General Fesling, R.E., 
F.R.S. 

In a previous paper we showed how the luminosity oi 
different spectrum colours might be measured, and in the present 
paper we give a method of measuring the light of the spectrum 
reflected from coloured bodies such as pigments in terms of the 
light of the spectrum reflected from a white surface. ’I’o effect 
this the first named of us devised a modification of our previous 
apparatus. Nearly in contact with the collimating lens was 
placed a double image prism of Iceland spar, by which means 
two spectra were thrown on the focussing screen of the camera 
(which was arranged as described in the Bakerian lecture for 
1886), each fomed of the light which enters the slit. The light 
was thus identical in both spectra. The two spectra were separ- 
ated by about i of an inch when the adjustments were compie^. 
A slit cut in a card was passed through this spectrum to isolate 
any particular portion which might be required. The nays 
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comltiji from the uppermost spectrum were reflected by means of 
a small r^^ht-an^lra prism in a direction nearly at right angles 
to the original direction on to another right-angled prism. Both 
prisms were attached to the card. From this last prism the rays 
fell on a lens, and formed on a white screen an image oAhe face 
of the spectroscope prism in monochromatic light. The ray of 
the same wave-lengtn as that reflected from the upper spectrum 
passed through the lower half of the slit, and falling on another 
lens formed another image of the face of the prism, super^ioscd 
over the first image. A rod placed in front of the screen thus 
cast two shadows, one illuminated by monochromatic rays from 
the top spectrum, and the other by those from the bottom 
spectrum. The iUumtnation of the two shadows was equalized 
by means of rotating sectors which could be closed and opened 
at pleasure during the time of rotation. The angle to which the 
sector required to be opened to establish equality of illumination 
of the two shadows gave the ratio of the brightness of the two 
spectra. When proper adjustment had been made, the relative 
brightness was the same throughout the entire spectrum. 

To measure the intensity of any ray reflected from a pigment, 
a paper was coated with it and placed adjacent to a white surface, 
aim It was so arranged that one shadow of the rod fell on the 
coloured surface and the other on the white surface. The illu- 
minations were then equalized by the sectors, and the relative 
intensities of the two reflected rays calculated. This was ^e- 
])eated throughout the spectrum. Vermilion, emerald-green, 
French ultramarine were first measured by the above method, and 
then sectors of these colours prepared, which when rotated gave 
a gray matching a gray obtained by rotation of black and white. 
The luminosity curves of these three colours were then calculated 
and reduced proportionally to the angle that each sector occupied 
in the disk. The luminosity curve of the white was then reduced 
in a similar manner, and it was found that the sum of the lumin- 
osities of the three colours almost exactly equalled that of the 
white. The same measurements were gone through with pale- 
yellow chrome and a French blue, which formed a gray on 
rotation, with like results. It was further found that s/m 0/ 
the inte$mties of vermilion, ‘blue, and green varied at different 
parts of the spectrum, and the line joining them was not parallel 
to the straight line which represented white for all colours of the 
spectrum and which itself was parallel to the base. Since a 
straight line pamllel to the base indicated degraded white, it 
followed that if the intensity of the rays of the spectrum were 
reduced proportionally to the height of the ordinates above a line 
tangential to the curved line (which represented the sum of the 
intensities of the three colours at the different parts of the spec- 
trum) and were recombined, a gray should result, A meUiod 
was devised of trying this, and the experiment proved that such 
was the case. The same plan enabled the colour of any pigment 
to be reproduced from the spectrum on the screen. The com- 
bination of colours to form a gray on rotation by a colour-blind 
})erson was also tried, and after the curve of luminosity of the 
colours hod been calculated and reduced according to the amount 
required in the disk, it was found that the sum of the areas of 
the curves was approximately equal to the while necessary to 
be added to a bUtclc disk to form a gray of equal intensity as per- 
ceived by him. The spectrum intensity of gas-light in comparison 
with the electric light was also measured, and the amount of 
the different colours necessary to form a gray in this light was 
ascertained by experiment. 

As before, it was found that the calculated luminosity of the 
colours was equal to the white which, combined with black, 
formed a gray of equal luminosity. 

. The question of the coloured light reflected from different 
metals was next considered, and uie method of measuring it 
devised, as was also the method of measuring absorption spectra. 
The luminosity curves obtained by the old method were compared 
with those obtained by the present method, and so close an 
agreement between them was found to exist as to give a further 
confirmation that our former plan was accurate. A number of 
pigments that can bo used for forming grays by rotation were 
measured, and the results tabulated in Mreentages of the 
spectrum of white light and on a wave-length scale. 

Pbyaieal Society, June 9,— -Prof. Reinold, President, In 
the chwr.^The following papers were read On the analogy 
between dilute solutions and gases as regards Gay-Lussac's and 
Bi^’s and Avogadro^s laws, by Prof, van HoflF, presented 
by proL Ramsay,. F.R.S. If a dilute aqueous solution of 
sugar (say 1 per ceut.) be placed in a vessel, A (the walls of 


which are permeable to water, but not to sugar molecules), and 
immersed m a large quantity of water, B, water will pass from 
B to A until a certain difference of pressure exists between the 
inside and outside of A, that difference depending on the 
temperature and concentration of the solution. The pressure is 
called osmotic pressure , and the walls of A are said to be semi- 
permeahle. Such a vessel may be artificially produced by 
depositing ferrocyanidc of copper on unglared porcelain ; but 
many of the experiments dealt with in the paper have been made 
with the cells of plants, the walls of which form good semi- 
pertneable membranes. At constant temperature the osmotic 
pressure is found to be proportional to the concentration of the 
solution, and for a given concentration the pressure is propor- 
tional to the absoh^e temperature. Similar results have 
obtained with solutions of KNOj, KgS04, NaCl, &c., and Soret 
has found that if a solution be heated unequally at different 
parts, the warmer parts are less concentrated, just as in gases 
under similar conditions the warmer parts are more rarefied. 
The numerical results arc in fair accordance with those deduced 
from the laws above stated. Theoretical proofs of the laws are 
given, in which reversible cycles and the second law of thermo- 
dynamics are made use of. By similar reasoning the author 
concludes that ** under equal osmotic pressure, and at the same 
temperature, equal volumes of all solutions contain the same 
number of molecules, and moreover the same number of mole- 
cules which would be contained in a gas under the same condi- 
tions of temperature and pressure.” These results are confirmed 
by Pfeffer's direct determinations of osmotic pressure, and 
Kaoult's experiments on the ** molecular lowering of vapour- 
pressure,” and the “ molecular depression of the freezing-point 
of the solvent.” I'he latter part of the paper contains applica- 
tions to chemical phenomena. Prof Rucker regretted that the 
names Boyle’s law and Gay-Lussac’s law had been so persist- 
ently made use of in the paper, as he thought a wrong impression 
would be spread as to the nature of the phenomena. He also 
considered it probable that the proportionality observed was 
merely the result of the smallness of the ranges over which ^e 
experiments had been made. Mr. H. Crompton took exception 
to the imaginative character of the reasoning, and thought much 
more experimental proof wa-s required before the results could 
be accepted for any but very small ranges of concentration. In 
answer to Prof. Reinold, Prof, Ramsay said the experimental 
data were not obtained by van ’t Hoff himself, but were taken 
chiefly from RaouU's determinations. — On a method of compar- 
ing very unequal capacities, by Or. A. H. Fison. One coating 
of each condenser is joined to earth, and to one end, A, of a 
high resistance (20,000 or 30,000 ohms), through which a current 
is flowing. The small condenser is charged to the P. D. existing 
between the ends A, B, of the resistance, and discharged into 
the large one. This is repeated a great number of limes. If C 
be a point between A and B, the resistance between A and C 
may be varied until the P.D, between them is equal to that 
between the coatings of the condensers after n operations. If 
the insulated coatings be now joined to C through a galvano- 
meter, no deflection will result. The relation between the 
capacities and Cg of the large and small condensers is 
given by 

R^b 
Kuc' 
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where RaB/ Bbc are the resistances between AB and BC re- 
spectively. Since time is required to perform the operation, the 
instantaneous capacities cannot be compared, and accordingly 
the measurements are taken after a definite time of electrification. 
A special rotating key was shown for performing ten operations 
l^>er revolution, in which a trigger arrangement was provided for 
stopping the rotation after a predetermined integral number of 
revolutions. The method has been used for comparing a small 
air-condenser with a microfarad. The capacity of the former 
was also calculated electro-statically (correction being made for 
the edges), and that of the latter measured electro -mameticoHy 
by a ballistic galvanometer. The results give a value for v 
equal to 2*965 x 10^®. In these experiments the capacity of the 
rotating key was allowed for, tfnder favourable conditions, 
capacities in the ratio of t to 1000 or 1 to 10,000 can be com- 
pared with an accuracy of i per cent. Prof. Ayrton thought the 
novelty of the arrangement was in the rotating key, as the 
method of comparing unequal capacities by chaiging the smaller 
and discharging itmto the larger a considerable number of 
times had been described and used by himself and Prof, Perry 
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in their experiments on the specific inductive capacity of gases. 
—Mr. W. Lont Carpenter exhibited a new form of lantern, 
recently constructed by Mr^ Hughes, of Dalston. The mahogany 
body is hex^oaal^ and each of the three froiU aides is provided 
whh condensers and projecting arrangements. The back side 
opens to give access to the radiant, which in this cose is a 
Brockie-Fell arc lamp, but if necessary a lime- light can be 
readily subslittited. The lamp is fixed to the base*board, and the 
body can be rotated through 60** on either siJe of the central 
position, thus allowing any of the three nozrics to be directed 
towards the screen. The three sets of condensers arc placed so 
that their axes intersect at a point about which the radiant U 
placed. The centre nozzle is fitted as a laiiteru microscope, 
with alum cell and various sets of condenw,'g lenses and ob- 
jectives, and a space in front of the main condensers is provided 
for polarizing apparatus. The focussing arrangement consists 
of a skew rack and pinion and a fine screw adjustment, and the 
whole microscope can be easily removed and a table polariscope 
substituted. The right-hand nozzle is arranged for the projec- 
tion of ordinary lantern -slides, and the left-hand one is provided 
with an adjustable slit for spectrum work. A small table sliding 
on mils serves to carry the prisms, and the saine rails support 
projecting lenses. Prof. S. P, Thompson congratulated Mr. 

Carpenter on his selection of the Brockie-Pell lamp as the 
radiant, for, in addition to its being a focussing-lamp, it is 
unique in the fact that it works satisfactorily on either constant 
evurent or constant potential circuits.— Note on some additions 
to the Kew magnetometer, by Prof. Thorpe, F.R.S., and 
Prof. Riicker, F.R.S. In their magnetic survey of Great 
Britain and Ireland the authors have experienceil considerable 
difficulty in making the necessary adjustnicnts of the small 
transit -mirror used for determining the geographical N. point 
from observations on the sun. To make the required adjust- 
ments it is necessary to obtain an image of the cross- wires 
refiecLed from the mirror ; and owing to the large amount of 
extraneous light, and the insufficient illumination of the cross- 
wire, the image ts difficult to see. To exclude extraneous light, 
a tube is placed between the transit -miiTor and the telescope, 
and a small screen placed behind the mirror. The cross- wires 
are illuminated by light reflected from a small platinum mirror 
introduced between the eye-piece and the cross -w lies, which are 
viewed through a hole in its centre. The mirror is placed at 
45'* to the axis, and reflects a considerable quantity of light on 
the cross- wires when directed tgwanb a bright pan of the sky. 
In some cases it is advisable to take observations of the sun 
without firat adjusting the transit- mirror, and afterwards correct 
the error introdliaed thereby. To do this a finely- divided scale 
is placed in the plane of the cross -wires, and from the position 
of the image, aa indicated on the scale, the correction can be 
made. Ol»servations taken with the mirrgr in adjustment and 
others taken when out of adjustment, and subsequently cor- 
rected, give very concordant results. The Rev. Father Perry 
sfud the impirovcmcnts described were of great importance, for 
difficultly similar to those experienced by the authors had 
caused him to abandon the Kew magnetometer for field work, 
and to use a theodolite instead. 

Linnean Society, June 21. — Mr. F. Crisp in the chair. — 
Mr. F. \V. Oliver exhibited the aquatic and terrestrial forms of 
TrapHla sinensis^ of which he gave a detailed account, illustrated 
by diagrams.— Dr. R. C. A. Prior exliibited a brooch of the 
so-called "Connsh elm/' and described its peculiar mode of 

f rowth, ^iefPSuggested its recognition as a distinct species, 
n the opotron^ of botemiste present, however, it was regarded as 
merely a well-marked varieu^of the common elm. — On behalf of 
Mr, R. Newstead, of the Grosvenor Museum, Chester, photo- 
graphy and drawings of the little grebe, Potkeeps nuinar^ were 
exhibited to Uluvtrate a peculisGrity observed in the mcabamieoi 
of the leg^bones. — Mfr. A, W, Bennett exhibited onderthe micro’' 
scope, and made remarks upon, filaments of 
flw('fVom Kyv), conuining fertilized oospoifes. — M e. Thomas 
Christy exbibityl specimens of natural and nranufactiited ]£o 1 a> 
nuts, and explained how the latter might always be detected,-^ 
ThefbUowhig papers were then read;— Dr, P, H. Camenter, 
cjir the (TtwwWzflfiw of the Mergui Archipelago,— Ptofi. P, 

Xhincaa BAd W. P, Sladen on the Ethmouka of tbwMaimu 
ArohtpcIiS x— Mr. W. P. Sladen^ on the AsUfvidfa of ' the 
linvm Ardiqpielttgoi— Mr. W. Bolus, on South AMtaa 
dhhr^itAw. ' Mr K. A« Rolfe, a morphgiqncal and- 
revision of 


Oeological Society, June 7. — Dr. W. T. BIaafoid» F.JLS* 
President, in the chair.— The fonhwli^ oomnumioatioa# were 
read A letter from H.M. Secretary of State for India, accom* 
panying some specimens of rubies in the matrix from Burma. 

On the Sudbury copper deposits (Canada), by T, H. Collins. — 
Notes on some of the auriferous tracts ^ Mysore Provinee, 
Southern India, by George Attwood. — On the Durham salt' 
district, by K. Wilson. In this paper the author described the 
new salt- field in the North of England, occupvii^the 1 ow-lyii^ 
country t>ordering the estuary of the Te^ ana situated partly in 
Yorkshire and partly in Durham. The history of the rise uid pro- 
gress of the salt- industry in South Durham was given, sin^ the 
first discovery of salt by Messrs. Bolckow, Va^han, and Co., at 
Mlddle&liorough, in the year 1859. The stratigraphical p<MUioa 
of the saliferous rocks of the Durham salt-distcmt was considered 
in some detail. The diverse views which have been previously 
expressed on this head were referred to, and reasons given for 
concluding that all the beds of rock-salt which have been hitherto 
proved in this field, and the red rocks with which they ace 
associated, belong to the upper portion of the Trias, viz. to the 
'Upper Keuper series (Watersiones subdivision). The probable 
area of this salt-field, the limits of the distribiUira, and varying 
depths of the chief bed of rock-salt were indicated, and the 
extent of its supplies pointed out. In conclttsiou, the author 
called attention to the waste, as well as to certain other disad- 
vantages resulting from the process of winning the salt now in 
operation. — On the occurrence of Co/cu/Aerat, Williamson, in 
the Carboniferous Limestone of Gloucestershire, by £. Wethered* 
— Second note on the movement of scree -material, by C. 
Davison ; communicated by Prof. T. G. Bonney, F.R.S. 

Anthropological Institute, May 29. — Francis GaUon, 
F.R.S., President, in the chair. — A paj^r by Mr. G. H. 
Kinahan was read, on rubbings from ancient inscribed atone 
monuments in Ireland. — Dr, Stewart gave an account of the 
inhabitants of Pan^uay. 

June la.— The mv. H. G. Tomkins read a paper on Mr. 
Flinders Petrie's collection of ethnographic types fcom the monu- 
ments of Egypt. The author classified the collection under the 
four heads of Westerns, Southerns, Asiatics, and Egyptians ; 
and examined, in order, the races mentioned under each of these 
heads. Amon||[ the Westerns are the Tahennu, or fair per^le, 
who, as Egyptian mercenary troops, founded, by a pruttorian 
revolt, the famous twenty-second dynasty, to which Shishak, the 
invader of Palestine, belonged. The Lebo, or Libyans, (aB 
under this head ; and the author identifies with them the light- 
complexioned, fair-haired, and blue-eyed brickinaloBn of 
celebrated tomb of Rekhmara, The want of the long side-lo^ 
is not surprising, since they were slaves employed in the lowest' 
drudgery. The Shardina furnished highly-trained soldien; to 
the Egyptian army of Kameses IX. They wore helmets with 
two horns, crested with a disk, and seem to hove been 
dinians. Under the bead of Southenu we have very variona 
and interesting types. It is curious to find, in the paintingB, 
blacks with red hair ; but it seems probable that the colour woe 
produced by the use of dye, Mr. Tomkins gave a fall deaorip* 
tiem of the race of Pfin, and dwelt particulatly upon the temuied 
mountttiBs covered with incenae-trees that caused so i wv rtr 
astonishment to the officers of Queen Hatout. He also pern 
a probable explanation of the origin of the remarkable features 
of Amenhotep IV. , the celebrated Khu-en-ateo, whose mother,. 
Queen Tua, was distinguished for her beauty. 

Mathematical Society, June 14.— SirJ. Cockle, F.R.S., 
President, in. the chair.— The VieeKThuneeBor of Caaibrid|gc 
University (Dr. C, Taylor), read a paper on the determinarion 
, of the circular points at infinity. -Prof. M. J. Hill followed wbSt 
a paper on the r- and /-disoriminants of intemblecHffereiltfor 
, equations of the first order.— Mr. Tucker (lion. 9 ec 0 i 
. municated papers by Lord Rayleigh, Sec. R.S., on point-, line-, 
and plane-sources of sound. — Note on rattoniiBsttClein, by IfL 
; Portey.— Applications of clinic functions to the- theory of 
i twisted quartics, by Prof. G. B. Mathowsi— Prof, 

• F.R.S., communicated' remarks on coefficients of induudmi anv 
; capacity and aUied problems, in continuation of a former pa^ 
(January 1879).— The following were taken as read : elecu&l 
i oreillations, by Prafi J. J, Thomson, F,JL S. ; and d6moi»tia«i«P 
I of the thoorem the equation ^ -f- ti** q- a caiuial 

I be solved in tntegersr'' by J. R^ HoU.^ 

I Sodety, June 5.-Dr. Edwaed HasnUton,, 

. Preridwrt, in the chain— The Secretfoyrad m irnpm ofc' thm 
oddUfoss that had bm made fo tho Socif^kM«iiigtefou% 
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tbe wifflWlfh of Mt. — H. £• i>iiessefr«xhibile<l a tpeciiBen of 
oMvr Bktike itom nkt TMsaoMpMtt diitrict of CtnttiaZ A«U, 
which he proposed to name Lanius fttuM, after Dr. Rjidde, of 
Tldis, its discoverer.— Mr. ScUterf on the part of Mr. F. M. 
CaiQpbelh exhibited a pair of Tallas^s Sand-Grouse (Syrrhaptes 
ptfm^xus)f shot in Hertford^ire hi May last, and made 
remarks cm fhe recent immigration of this Central Asiatic bird 
into Weston Furope. —The Secretary exhibited, on behalf of 
Prof. R. Collett, a nest, and two young ones in down of 
the Ivory Gull [Lotus eSunmts)^ belonging to the Tromsb 
Museum, whidi had been Obtained in 8^tt%ergen tn August 
tSSy.— Mr. Warren communicated a paper on Lepidoptcm 
wtlected by Major Verbury in Western India m 1S86-87, torm- 
ii^ a continuation and completion of two previous papers by Mr. 
A. G. Butler on Troidoptera collected by the same gentleman in 
similar localities. The present collection contained examples of 
over 200 species of Heteroccra, of which about one- fourth were 
described as new, Mr. Warren remarked upon the abnomtal 
development of separate organs, such as the antennse and palpi, 
in tropical insects, os being rather specihc aberrations from a 
genenc type, than as warranting ihc erection of new genera. — A 
communication was read from Mr. Martin Jacoby, containing 
descriptions of some new species of Phytophagous Coleoptera 
from Kiukiang, China.— Mr. F. E, Beddard read some notes on 
the structure of a peculiar sternal gland found in Didefphys'dinti- 
Mr. G. A. Boulenger read a paper on the scaling of the 
reproduced toil m Lizards, and pointed out that the scaling of 
the renewed tails of lizards nui^, in some cases, afford a clue to 
the affinities of genera or species to one another. — Mr. 1 *'. K. 
Beddard gave a preliminaiy notice of an apparently new form of 
Grci^ariBc, found parasitic on an ear.thwoim o the genus 
Porich^Dia from New Zealand. 

Cambridge. 

^hifaiMphicAl Sisciety, May ai.— Mi-. J. W. Clark, 
President, in the chuT, — On bolution and crystallization, 
by Prof. Liveing. When a substance passes from a state 
of soktion into the solid slate, the new arrangement of the 
matter must be such that the entropy of the system is a maximum ; 
and, other things being the same, the surface energy of the 
newly formed solid must l>e a minimum. If the surface tension 
be positive, that is tend to contract the surface, the surface 
energy will be a minimum when the approximation of the mole- 
cules of the surface is a maxinmin. The essential difference 
between a solid and a fluid is that the molecules of the former 
maintain approsimalcly the same relative places, whereas the 
molecules of a fluid arc subject to diffusion. Farther, crystal- 
loids in assuming the solid form asi>umc a regular arrangement 
of their molecules througliont their Tna«is, which we can usually 
recognize by the optioal properties of the crystal, and by the 
cleavage. If we suppose space to be divided into equal cubes 
by three sets of parallel planes, each set at right angles to the 
other two, and suppose a molecule to !>e placed in every point 
where three planes mttrsect, v e shall have an arrangement which 
corresponds with the isotropic character of a crystal of the cubic 
system. Bnt of all the sorfaces which can be drawn through 
tne system the planes bounding the cubes meet the greatest 
number of molecules, ihose parallel to the faces of the dodeca- 
hedron meet the next greatest number of molecules, and those 
parallel to the faces of the octahedion meet the next greatest 
number. Also if we take an angular point of one of the cubes 
a^ origin, and three edges of the cube as axes, and the length of 
an edge of the cube as the unit of length, eveiy plane which 
Ottls the three axes at distances /, y, r respectively from the 
or^iit, where /J, y and r are whole numbers, will be a surface of 
mtiumum concentration of molecules, but the concentration will 
be less as /, y and r are mater. Hence forms which aio 
bounded by these pUnes, which fallow the law of indices of 
cmtal^ wul be forms of takimura surfice energy and therefore 
or equilibrium. The tendency in general will be for substances 
with such a structure as is here supposed to take' the form of 
cubes, since the cube wiU have ihe greatest concentration of 
mqlmles per unh i f surface. But the total surface energy will 
depend on the total surface as well as on the energy per unit of 
emfaeei and for a given Voktne the surface will be diminished 
if the ^ges and nn^es^f <he cube ore truncated by faces of the 
dgdecahedroo and octahedron, or by more compoeated forms. 

a solid is broken, two uew surfaoes am fomed -each with 
Its psrii Mtlaoe energy, and the soUd umst be snore earify 
ythea tlm new suifaees have the wtkintim energy. 


Hence subsianoes with the itmeture supposed must break most 
easily in directions ptraUel to the sides of the cube, dodeca- 
hedron and octahedron ; and these are the cleavages observed in 
this system. If we suppose the molecules placed at the 
centres of the faces of the cuheg, instead of at the angles, the 
arrangement will still be isotropic, but the octahedron will 
be bounded by the surfaces of Neatest condensation, and the 
cube will come next to it. It is probable that substances 
whidi cleave moat readily into cubes, such os rock -aalt and galena, 
have the former structure, while those which have the octahedral 
cleavage may have the latter arrangement of their molecules. 
For the pyramidal and prismatic systems we may suppose space 
divided not into cu'wa but into rectangular paraUelopipeds with 
edges equal severali;y to the axes of the crystals, and molecules 
placed as before. For the riK)mbohedial system we may suppose 
space divided into rhombohedra, or in crystals of the hexagonal 
type into right prisms with triangular bases, and for the other 
systems into parallelopipeds with edges parallel and equal to the 
axes. In each case it the molecules be disposed at points of 
interseclion of three dividing planes we shall have such on 
arrangement as satifles the optical conditions, and planes which 
follow the law of indices are surfaces of maximum condensation. 
Calculations show that whenever a crystal has an easily obtained 
cleavage the direction of cleavage corresponds to the surface of 
greatest condensation, and that the most common forms of 
crystals correspond in general to forms of minimum surface 
energy. The surface tension of a plane surface will have no 
resultant out of that pUjue, but where two ]^Iane surfaces meet 
in an edge, or on^le, the tensions will have a resultant of 
sensible magnitude m some direction ialling within the angle. 
Whenever the faces of a crystal lograpluc form are developed, 
every such resultant will be met by an equal and opposite 
resultant, and the form will be one of equilibrium. If one edge, 
or angle, ire modified, the opposite edge, or angle, must cither 
be similarly modified, or the resultant arising from the modifica- 
tion must be equilibrated by some internal forces produced by 
displacement of tlie molecules. In general, equilibrium is 
attained by similar modi fi cat ions of similar edges and angles, 
Imt when ouiy some of the edges or angles of a crystal are 
mo(.lified, while other similar edges or anglesare not moaified, w« 
usually liave evidence of the consequent internal strain. Thus 
cubes of sodium chlorate, which liave half the angles truncated 
by faces of a tetrahedion, rotate Uie plane of i>oIarized light, 
hemiliedral tourmalines arc pyro-electric, and so on. This theory 
therefore recounts for the ^ane faces of crystals, the law oif 
indices, the most common combinations, and the cleavages. 
The same theory accounts fi»r the development of plane faces 
when a crystalline solid of any shape is slowly acted on by a 
frolvcnt. Solution will proceed so long as the entropy of the 
system is increased \yy the change, but when the solution is nearly 
aaturalcd there will be an iacrease of entropy from the solution 
of a surface which has more than the miiuroum surface energy, 
while there will be no increase from the solution of a surface 
which has only the minimum energy. — <^n the effect of an 
electric current on saturated solutions, by Mr. C. Chree, M.A. 
This paper contains an account of ex]3enmcnts whose aim was 
to determine what effect, if any, an electric current may have on 
the quantity of salt required to form a saturated solution. Strong 
currents and a rapidly reversing commutator were employed. 
Certain chlorides were dealt with, and in no case did the exist- 
ence of a current produce any acttsible immediate effect. When 
heating was allowed to take place, the aclioit'ilpf the current 
appeared to check the solution that would naturally have 
followed. This view was further supported by experiments on 
the effects of simple beating. These experiments ^owed, how- 
ever, that an originally saturated solution when slowly heated 
can dissolve salt only with extrexnc slowness. 

Paris. 

Academy of Sciescet, June xS.— M. Janssen, President, in 
the chair. — Lagrange^s hypothesis on the origin of comets and 
meteorites, by M. H. Fa^. Acoording to the author's cMcula* 
tions, this hypothesis, first submitted to the Bureau of Longitudes 
in 181 a, does not tiold good for the comets whose orbits do not 
quite approaolt any of tue phmetaiy orbits. But it would seem 
capable of being ap^died to the tneteosites, whoae fragmentary 
character, minute skn^ chemical and nilBeralogical identity with 
the eouKtituent ekments of the earth, combkM with their great 
abundance, would seem to he absolutely inoompatihle with an 
extxa-planetary ortgio. The enrth alone with its satellite best 
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tatiafies all the conditions of the problem, while its orbit is con< 
tinually intersected by millions of these bodies, as required by 
the hypothesis in question. Hence their origin is to be sought 
in the earth itself and in the moon, whence they were ejected 
under conditions which have long ceased to exist. — Fluorescence 
of ferruginous 'lime, by M. Lecoq de Boisbaudran, These 
experiments show that a small quantity of the sesquioxide of 
iron added to the carbonate of lime produces a green fluorescence 
after high calcination in the air. This fluorescence, which is 
occasionally somewhat intense, is very sensitive to the action of 
heat ; hence it soon fades away in the presence of the electrode, 
retaining its brilliancy only in the parts of the tul)e furthest 
removed from the centre of action. — Experi/ucntal re«earche8 on 
the diseases of the vine, by MM, Pierre Viala and L. Ravaz. 
Having already shown that the different reproductive organs 
found on the parts affected by black rot belong to the fungus, 
cause of this disease, the authors here demonstrate the true 
parasitic character of the fungus itself. They once for all 
establish the filiation which exists between its various forms of 
reproduction, and thus make it evident that the Idight on the leaves 
has the same origin os that of the grap^fs. — Researches on the 
accidental errors occurring in the observations of transits made 
by the method of eye and ear, by M. G, Rayet. In supplement 
to the studies of Stmve, Robinson, Dnnkin, Finlay, and others, 
the author here describes the results of special observations made 
on about seventy stars, or constellations, comprhed between 20“ 
of austral declination and the North Pole, lie has thus deter- 
mined the numerical value of the accidental errors relative to 
some dozen stars between 80® and 89* 22' 3 of declination.— On 
the rings of Saturn, by M. Perrotin. During the opposition of 
Saturn in the present year the author has made a series of 
micrometric measurements of the rings by means of the great 
equatorial of the Observatory of Nice. The results of fliese 
observationa, made for the purpose of determining the dimensions 
of the system, arc here fully tabulated for the whole period 
from February 2 to May 8. — On the planet Mars, by M. Perrotin. 
On presenting the already promised sketches of recent appear- 
ances in this planet, the author remarked that since his last 
communication the region of Libya has undergone fresh modifica- 
tions. The .sea which covered the surface of this insular mass 
has mostly receded, its present appearance being intermediate 
between that of i886 and Us condition a few weeks ago. The 
existence has also been determined of canals or channels, partly 
double, running from near the equator to the neighbourhood of 
the North Pole. They mainly follow the meridian, and merge 
in the seas encircling the white snow-cap of the Pole, and, strange 
to say, their course may be followed across the seas themselves 
right up to the snow-cap. — Heat of combination of the primary, 
secondary, and tertiary aromatic monamines with the acids, by 
M. Leo Vignon. In continuation of M. Louguininc*.s study of 
the primary monamines, the author here investigates the 
reactions of several acids on a series of primary, secondary, and 
tertiary monamines. He deals more especially with aniline, 
monoraethyl aniline, and dimethylaniline in the presence of the 
hydrochloric, sulphuric, and acetic acids.— -On the decomposition 
of the ferrate of baryta at high temperatures, by MM. G. 
Rousseau and J. Bcmheim. In his researches on ferric acid, 
Fremy has indicated the analogy existing between the ferrates 
and the manganates, as established by the wet process. Here 
the authors endeavour to ascertain whether the parallelism is 
maintained in the reactions of the dry process and in their mode 
of decom position under the action of heat. —On some new 
double phosphates in the magnesian series, by M. L. Ouvrard. 
The products here described have been obtained by the method 
already referred to in a previous note on the action of the 
alkaline phosphates on the alkaline earthy oxides. All the 
metals investigated are allied in their composition to the 
substances obtained with the pyro- and ortho-phosphates of 
potossa and soda.— On the poison of the Hymen optera with 
smooth sting, and on the existence of a poison-cell in the honey- 
producing insects, by M. G. Carlet. In continuation of bis 
researches on the barbed sting of bees, wasps, &c., the author 
here studies the smooth sting of Philanthus, PpmpiUis, &c. 
He describes the nature of the poison, which has merely a 
ioporiferous effect, and clearly determines the presence of a 
poison-cell in bees and allied insects. — On a new bacterial 
disease of the duck, by MM, Cornil and Toupet. An examina- 
tion of the bacteria of this disease (*‘ duck cholera’') shows that 
it is quite distinct from chicken cholera. The virus is fatal to i 
the duck alone, sparing hens and pigeorw, and killing rabbits I 


only when an excessive dose is administered.— M, A. d'Arsonval 
contributes an elaborate paper on the relation between animal 
electricity and surface tension. 

Amsterdam. 

Royal Academy of Sciences, May 26. — M. Franchimont, 
communicating the results of experiments on nitro-ureides and 
nitramines, said that internal ureides, by their behaviour with 
nitric acid, may be distinguished into at least three sorts.— M. 
Sahols treated of the calculation of the moments of flexion and 
the shearing -forces in railway -bridges, in connection with the 
irregular distribution of the pressures exercised by the axles of 
locomotive- engines. He pointed out what elements of the 
engine are of especial influence on these, and arrived at very 
simple approximative formulae for the calculation of the said 
moments and forces on bridges of not too insignificant length, — 
M. Pekclharing read a paper on the proliferation of endothe- 
lium-cclU in arteries, stating, as the result of his experiments 
made upon them, that this prolireration is most probably caused 
by a diminuiion of the pressure upon the inner wall of the 
arteries. — M. van der Waals treated of the connection between 
the change in the density of the limiting layer between fluid 
and vapour, and the mode of action of the molecular forces. 
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THE DECADENCE OF THE CHEMICAL PRO^ 
FESSION IN GOVERNMENT OPINION 

T he Professorship of Chemistry in the Royal Naval 
College, Greenwich, is, or is about to become, vacant 
through the resignation of Dr. H* Debus, F.R.S., and it is 
currently reported that the authorities have been advised 
to disconltnite (he professorship, and to substitute for it a 
mere lectureship or readership. We trust that this rumour 
may prove unfounded, or that the Government may be led 
in time to see the folly of degrading a subject which, if 
properly handled, is of such extreme value and importance 
to the Navy, We say degrade, because in the first place it 
cannot be questioned that chemistry is a science which 
may claim to rank with any other which enters into the 
curriculum at Greenwich, both on account of its educa- 
tional value and its direct usefulness ; and because any 
such change must of necessity tend to lower the value of 
chemical knowledge in comparison with that of other 
subjects in the eyes of the students. 

It is scarcely necessary to point out in how many ways 
a knowledge of chemistry may be of service in the Navy. 
Our sailors are stationed in all parts of the world, and 
the question of water-supply both for men and boilers is 
an ever-present one : a decision as to the quality of a 
water can only be given after it has been examined 
chemically. Again, the action of sea-water on metals, 
the corrosion of metals, the decay of timber, the econo- 
mical use of fuel, are all matters in which the sailor 
nowadays is deeply interested, and these can only be 
rightly understood by those who have acquired a sound 
knowledge of chemical principles. There are very many 
other ways in which chemistry is of direct value to the 
sailor; but, most important of all, there is no subject 
which, if properly and practically taught, affords the same 
opportunity of training the student to observe accurately 
and to think correctly, and it is especially on this ground 
that chemistry should be assigned a high position in the 
course at a Naval College. It will, however, not suffice to 
require attendance at a course of lectures in which general 
chemistry is treated of in slow and measured cadences and 
no heed is paid to the requirements of the students : the 
sul^ject must be taught technically, and almost exclusively 
with direct reference to matters familiar to sailors and to 
their future requirements ; and the training must be to a 
very large extent carried on in the laboratory, and not in 
the leeture-room. 

Jf the results thus far obtained at Greenwich have not 
been such as to lead the authorities to appreciate the 
value of the subject, the most shbrt-sighted course they can 
possibly pursue in the hope of obtaining better results in 
the &ture will be to assign a lower rmlt to chemistry. 

case* of grane disease, tf a practitioner, guided by 
{krttcedar (ladidorn; and opebtfng under conditions 
he tkhes no particular pah\« eo eontred, be unsuc- 
isruot usual to call in another of lower grade ; 
tb® contiaty, tf possiblet one of equal ot higher 
holding and perhaps wider 


views, and the effort is made to improve the conditions 
so as to give every opportunity for bis treatment to be 
successful ; and so may it happen, we trust, at Greenwich , 

In these anxious times of fi^e competition the' nation 
cannot afford that the Government should act so as in 
the least degree to chminish the importance of so valtmble 
a branch of science as chemistry. Moreover, a golden 
opportunity will be lost if occasion be not now taken to 
appoint at Greenwich a chemist who not only is known 
to have been thoroughly trained, but who has given 
proof, by his aum researches and those of his pupils, that 
he is possessed of enthusiasm, and capable of extending 
our knowledge. In connection with explosives, and in 
many other directions, there is infinite opportunity for 
research ; and it is a disgrace to the nation that the Navy 
at present has not a single chemist of repute in its 
service, especially as such invaluable service has been 
rendered to the War Department by its chemist, Sir 
Frederick Abel. 

If the professorship at Greenwich be quashed, it is 
unlikely that a man of proper calibre will be aUracted by 
a mere lectureship ; and thus another step will have been 
taken to indicate that in this country we care little for 
science, that our Government is blind to facts so clearly 
recognized by foreign Powers. Among the noted men 
of science now in the House of Commons, besides Prof. 
Stokes, there are three chemists, Prof. Maskelyne, Sir 
Lyon Playfair, and Sir Henry Roscoe : we feel sure that 
they will not allow the Government to make a false move 
in so important a matter without publicly warning them, 
and without fully eliciting their reasons. 


THE LAND AND FRESHWATER MOLLUSC A 
OF INDIA. 

Land and Fresh-water Mollusca of India. Edited by 
Lieut.-Colonel H. H. Godwin-Austen, F.R.S., 5 cc. 
Parts I, to VI, (London ; Taylor and Francis, 
1882-88.) 

A LTHOUGH much has been done to elucidate the 
fauna of our great Eastern dependency, very much 
more still remains to be accomplished : vast tracts have 
yet to be explored scientifically, even though, year by 
year, new areas are visited by the naturalist and collector, 
and fresh species are added to the list 
This is especially evident in the case of land and fresh- 
water Mollusca ; whilst so scattered are the various 
descriptions of the species up and down the pages of 
different scientific journals and magazines, that the spe- 
cialist himself has a hard Usk to ascertain whether a 
given example is new or not. 

It is true that Hanley and Theobald,^ in their now 
classical work, went some way towards remedying this 
state of things ; but their task was never completed, 
and many new forms have been discovered since their 
publication was brought to a close. 

Under these circumstances the present undertaking 
cannot fail to be most welcome. It is modestly described 
as ** supplementary " to the work just named ; but, in 
reality, it is something far more important, if we may 

WidvwMkcly rtwtved on the tUte^peso of Cotooet 
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judge from the six pans (257 pp.), which^ with their 
sixty-two haod-coloured plates, will, when the index is 
complete the iirsi. volume. Each species figured 
U xnost thoroughly described, and, when not new, full 
quotations with syn^ymy are given. The figures 
are also the handiwork of Colonel Godwin-Auslen, and 
though they by no means attain to that standard of 
excellence with which Sowerby at his best made us 
familiar, they are efTcctive and (fortunately) under, rather 
than over, coloured. The illustrations of the living 
animals, which are copied from drawings by a native 
artist, are extremely spirited and life-like. Anatomical 
details where obtainable are given, and, what is yet more 
important from the systematic point of view, the Radulfe 
are figured ; for, whatever may be the case with marine 
forms, in the Pulmonates certainly it is of the greatest 
importance. 

How truly gigantic the task Colonel Godwin-Austen 
has set himself, becomes apparent when it is seen that, 
disregarding poUiical boundaries, under ^Mndia” are 
included South Arabia, Baluchistan, Afghanistan, 
Kashmir, Nepal, Burmah, Pegu, Tcnasserim, Malay 
Peninsula, Ceylon, and other islands of the Indian 
Ocean"; whilst, when necessary for purposes of com- 
parison, genera from yet other countries are also de- 
scribed and figured Geomalacus^ A/ricarum ) — of a 
truth there does not seem to be any probability that 
the author will ever, like some scientific Alexander, be 
in want of fresh fields for conquest I 

The weak point of the work appears to be that the 
genera and sub-genera are treated of in no particular 
order, .... but as data concerning them can be put 
together and the drawings completed." Nothing, we feel 
sure, but the necessity of doing so, if the work was to be 
published at all, can have induced the author to adopt 
such a course. Few things are more provoking to the 
student than the necessity of turning to many different 
pages in the same work when engaged on a particular 
subject, an inconvenience which even a good index does 
not obviate ; whilst in its absence matters are not im- 
proved by such a table as the one given on p. 253, which 
professes to be “a classification of families and genera 
treated of in the preceding pages/' but which only 
includes those placed by the author in Fam, Zonitidae (or, 
as it is misprinted, Zonatida:). 

This infringement of Nature's first law renders it hard 
to disabuse one's mind of the unfortunate impression 
derived on a first examination that the author had tran- 
scribed and enlarged his preliminary notes without 
previously sorting them. Nor does the reason alleged 
seem altogether sufficient ; “ the classification can be 
hereafter attempted ; we shall then be belter able to judge 
what weight, generic or sub-generic, to give to the many 
genera now recorded from the Indian region.” This did 
not preclude the author from giving— as we trust he will 
do in a future part — ^what all who try to follow him would 
find of great assistance ; namely, a provisional table of 
classification in which the main divisions at all events 
shoitUi be shown. 

Such a scheme would be none the less useful seeing 
that he evidently, like most authorities, has his own 
notions on the subject, which at present can only dimly 
be guessed at by a careful perusal of the text. Thus at 


' p. 165 he speaks of ^'the two gteat natural divisions of 
land Mollusca, , , . the Helicid^ and CJyclophortdm.^ 
j Again, he agrees with Fischer (v. p. 59) that IfyaJimax 
belongs to the same group as Sucan^a ; but on pp. 64-65 
gives a “ key to genera of Limacidee and Arionidae in 
which Hyaiimax figures. 

Another drawback, if it may be so described, is the 
undue prominence given to minor differences, and the 
consequent elevation into genera of what in the eyes of 
the general conch ologist are sub-genera, or even mere 
sections of sub-genera. This, however, raises a very 
wide and much vexed question, into which far be it from 
us to enter. 

In thus briefly indicating what appear to us the short- 
comings of this important work, we are by no means blind 
to ifh great value, and we most heartily wish success tq; 
its author in his arduous undertaking, which bids fair to 
prove as endless as that of Sisyphus. 


RECENT MATHEMATICAL BOOKS, 

A Chapter in the Integral Calculus, By A. G. Green- 
hill, M.A. (London : Hodgson, 1888.) 

A Treatise on Plane Trigonometry: containing an Ac- 
count of Hyperbolic Functions^ with Numerous Ex- 
amples, By John Casey, F.R.S. (Dublin: Hodges, 
j888.) 

A Higher Arithmetic and Elementary Mensuration, 
By P, Goyen, Inspector of Schools, New Z^rttland. 
(London : Macmillan, 1888.) 

The Harpur Euclid, Book II. By E. M. Langley, 
M.A., and W. S. Phillips, M.A. (London ; Rivingtons, 
1 888.) 

T he first book in this list is intended to be used 
by way of supplement to any ordinary treatise 
on the calculus. It might almost be said that Prof. 
Greenhill is nothing if not hyperbolic^ for he ex* 
patiates in seas of these functions and the kindred 
Weierstrassians. No on© has done better work than he 
in his endeavours to make them “familiar as household 
words "to students, to whom, as Dr. Casey remarks in the 
preface to his “ Trigonometry,” they are very interesting 
and important, not only in pure mathematics but also m 
mathematical physics. Our author, who is quite in accord 
with this opinion, considers that “the hyperbolic functions 
have not received adequate treatment in ordinary text^ 
books ; to illustrate this importance, a digression has been 
made on their principal properties, illustrated by examples 
of their application.” 

In the course of thirty-six pages he gives an exceedingly 
clear sketch, and works out in detail several examples, 

vis, the different forms of the result of j dx/(x - p) 

where R ^ a:iP 2 bx + and several kindred forms* 
The analogies and properties of the hyperbolic functions 
are considered; three sections are given up to Ihyporbolio 
tragonometry ; three mbre to relations connecth^ 
excentriCy and mean anomaly in an elUptlc and hyperbolic 
orbit J and a sdetionto A 2 >el'B theorem and the geihhmi 
fN ete 

integral 1 ^ ^ , and to the rectification of sochdeum^ 


5, ii888] 


NATUm 




a Urge coUection of examples, and the whole 
poxnflkkt i% ** teres atque lotundiss."' 

*Dt. Ce»e/s '^Treatise on Plane Trigonometry is 
Independent of the *“ Elementary Trigonometry'* 
1 ^ Urn same author. It is a most comprehensive work, 
and 'quite as exhaustive as any ordinary student will 
require. Dr. Casey shows his usual mastery of de- 
tail, due to thorough acquaintance, from long teaching, 
wHh all the ctum of the subject. He has embraced 
in his pages all the usual topics, and has introduced 
several points of extreme interest from the best foreign 
leact* books. A very r^id proof is given of the exponential 
itfaeorem, and a section ts devoted to interpolation. Dr. 
Casey approves of, but does not at present venture to adopt, 
the practice of French authors who use log sin A instead of 
our old friend L sin A, t\e* he would prefer T 859 to 9 859. 

Chapters V.and VI , which are devoted to triangles and 
quadrilaterals, are exceedingly interesting, and contain 
quite a crop of elegant propositions culled from many 
fields. Followitig the course adopted by other recent 
writers, he gives a systematic account of imaginary angles 
and hyperbolic functions. “ The latter are very interesting, 
and their great and increasing importance, not only in 
pure mathemattes but tn nuihematical physics, makes it 
essential that the student should become acquainted with 
them.* We may remark that Dr. Casey adopts the follow- 
ing notation : sh,ch,th, coth, sech, cosech, for sinh, cosh, 
dtc , ; and has gone further than his English predecessors 
in introducing at this early stage the angle r, Hoiiers 
AfperMic amplitude af ^ {r ^ aoih. d). Numerous 
illustrative examples and tables afford practice to the 
student in this branch. 

The modern geometry has a small niche, and here we 
note, as one of several small clerical errors come across, 
in addition to the list furnished, that (440) should have 
€OS0canis in place of secants. The special results, which 
on Dr. Casey^s useful plan are numbered consecutively, 
reach 810, The book is rich in examples, and will be 
sure to find for itself a place <m the mathematician's 
shelves within easy reach hts hand. 

The object of the author of** A Higher Arithmetic and 
Elementary Mensuration * is to furnish a work suited to 
the senior classes of schools, and candidates preparing 
ibr public examinations." A large number of typical 
ewrciscs arc worked out, and the student, being left to 
observe and think for himself, acquHres, or should acquire, 
a sound practical knowledge of the subject, which 
the author rightly thinks will be more abiding than the 
knowledge of rules and definitioas obtained by the mere 
committal of them to memory. For the benefit of 
bqgiftaere, in many of the examples the steps of the 
teastming are given at some but the student is 

adviied, as he grasps the details, to shorten the work as 
much as possible in the examples he subsequently works 
out. The text covers all the ordinary divisions under 
which arithmetic is discussed in the booltS* even our old 
fHoud alligation having a chapter assigned to it. The 
last 4 wo c^tqrs are devoted to the mensuration of plane 
and of solida Time aee i^eHerdses at the end, 
1ft iddiUtm to a very great number scattered throughout 
theboblc The whole is a yast storehouse of well-put 
shmtld render a laader quite independent 
0^^ Oiher te9d-haok» aiid« we ed a .teacher. 


Book II. of ** The Harpur Euclid " is on the lines laid 
down in the edition of Book 1 .., and the subject is handled 
in an iateresUag manner. There is a sufficient number of 
good illustrative exainples,'with assistance enough to eoabke 
a ehoughtffil boy to work them out by himsfdf. We are 
glad to see a few examples on antiparalleis and sytn- 
medians. These lines must soon force their way to a 
Ibremost position even in a school curriculum. This is a 
useful aad handy edition brought out in accordaace with 
the Syllabus of the Association for the Improvement of 
Geometrical 


THE BOTANV OF THE AFGHAN 
DELIMITA TION COMMISSION, 

The Botany 0/ the Afghan Delimitation Commission, By 
J. E. T. Aitchison, M.D., F.R.S., Naturalist attached to 
the Mission. Being Trans. Linn. Soc., Scr. 2, Bot. v. 
3, pp. 1-139, tt 1-48 ; with two Maps. (i888,) 

O F this expedition Dr. Aitchison has already pub- 
lished, in the Pkartnaceutical Journal and Trans- 
actions^ Ser. 3, V. 17 (1887), a report on the drugs, and 
he is preparing a report on the zoology to appear in the 
Transactions of the Linneau Society. 

In several previous collections and papers relating to 
the Punjab flora {** Flora of Jlielum,” ** Lahul, its Flora 
and Vegetable Products, ” ** Flora of Hushiapore,” 
“ Hand-book of Trade Products of Leh and especially 
in his Report on the plants of the Kuram Valley, Dr, 
Aitchison had shown himself an excellent collector and an 
enthusiastic botanist ; and by the knowledge of the Afghan 
flora he had acquired in this preceding work he was 
eminently qualified to make the most of the opportunities 
afforded on hasty marches and in rough camps. The 
Secretary of State for India, who employed Dr. Aitchison 
on this duty, may certainly be wcU satisfied with the 
present botanic section of the Report In 28 quarto 
pages Dr. Aitchison describes the country traversed, and 
the general character of the vegetation, interspersed with 
many economic and agricultural remarks. The re- 
mainder of the Report consists of a list of the plants 
collected in order, with descriptions of the new species, 
most of which are figured. There are about 800 plants 
catalogued, whereof S3 are new to science. The whole 
forms a most valuable addition to our scientific know- 
ledge of an interesting frontier region. Dr. Aitchison 
started from Quetta on September 22, 1 884, and proceeding 
west struck the Helmnnd on October T9 ; following the 
course of the Helmund and Harut, he was close to Herat 
on November 4 ; the remaining nine months, up to Sep- 
tember 1885, he was in Khorassan and Badghis, f.r. in 
North Cabul. 

The dry iqgioo of SauUi-West A&ia extends into 
Western India—into Sind, the Punjab, Rajputana ; 
but in his ** Flora of British India " Sir J. D. Hooker 
accepts the political Rentier of li^a as his western 
limit. It is imfMMBible in k)cal Jioras to find natural 
boundaries. Bdwdiisten and Cabul are thus excluded 
from the ** Ftera firhteh India.*' They are included in 
Boissier's ** Flora Oritentalis** ; but fknssier had by no 
means plemifiil mfaterial for this frontier. The additions 
now mi^e by jDr. AateWson are not to be estimated by 
the 53 new species aloaei but by the further light thrcfttei 
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on numerous little-known species, and especiall/ by the 
quantity of economic information collected. 

Of the 800 plants enumerated, the richest orders are 
Leguminosa with 78 species, Composita with 77 species, 
Gramina with 63 species, Cruciferae with 57 species, 
Chenopods with 38 species. The large Umbelliferseallicd 
to Asafoetida are finely illustrated in plates 18 to 29 ; four 
new species arc described. There remain still many points 
about these valuable gum-producing plants of Central Asia 
that arc obscure. Of the 78 Legfuminosae, no less than 
37 are of the genus Astragalus, and of these 13 are new. 
Of the petaloid Monocotyledons the most prominent are 
the iridacese (2 new species of Iris), and the Liliaceae 
(36 species, of which 3 are new). 

The introductory narrative, with the lists of character- 
istic plants at different levels and localities, enables a 
phytographic botanist to apprehend the nature of the 
country and climate. Cabul is clearly a much richer 
country agriculturally than has been hitherto supposed. 
Corn can be cultivated without irrigation either above 
3500 feet altitude, or in the vicinity of a river ; and a 
large area between these levels is capable of irrigation. 
The dry and hot summer is, as was before well known, 
very favourable to the production of fruit, and it now 
appears almost equally so to the production of vegetables. 
Dr. Aitchison found “ not uncommon,” in clefts of rocks 
and escarpments of hill -sides, the common fig (Fii:us 
Carica^ Linn.), apparently wild ; and collected both male 
and female branches, some of the male receptacles con- 
taining both male and gall flowers. Dr. Aitchison had 
few opportunities of examining the country above 5000 
feet ; at the spots he did visit he found a very scanty 
flora, and above 7000 feet absolute sterility. 

Dr. Aitchison compared his collection in the Kew 
Herbarium, and bad the assistance of Mr. W. B. Hcmslcy 
in the technical botanic work, and in arranging the plates ; 
and the new species described are given as of ‘‘ Aitchison 
and Hemsiey,” except a few Liliaceae, &c., attributed to 
“ Aitchison and Baker.” By this plan Dr. Aitchison gives 
to botanists who cannot refer to the specimens a guaran- 
tee that the new species are “ good,” and that the list of 
names has been accurately worked out. It is indeed the 
closeness with which a list of the present kind is worked 
out that gives it more than a temporary value. 

Praise is due to Dr. Murie, the Assistant Secretary of 
the Linnean Society, for the style in which this number 
of the Society*s Transactions has been put out. Credit 
may certainly be given to the India Office for assisting in 
a publication of this class ; somebody there must have 
discovered that the money spent by the old Company on 
Roxburgh and Buchanan- Hamilton, on Royle and on 
Waliich, was not money spent on ornamental books, but 
has been returned, many times over, to the Government 
coffers. 

OUR BOOK SHELF. 

77 u Principles of Agricultural Practice as an Instruc- 
tional Subject By John Wrightson, Professor of 

Agriculture and Principal of tlie College of Agriculture, 

Downton. (London : Chapman and Hail, x^8.) 

This is a useful text-book, written in an interesting st^rle, 
and by one whb shows that in addition to being sclentiflc 
he is thoroughly practical. The subject-matter of 
book was first delivered as lectures to science teachem, 


and it deals with the duties of teachers as ^ell as ^ 
defects of students under examination. U exposes in 
commendable language the narrow grooves into whidt 
agricultural teachix^ under the Science and Art Depart'* 
ment has fallen. This is called ‘*molecidar and tmero- 
scopic ” in place of “ bold and comprehensive,” whiclt Ought 
to M the suitable form of description if the Department 
were properly constituted. 

The is the first of a series of text^books. It 

disposes in a clear and unmistakable manner of many 
knotty points of difficulty to the fanner and to the 
student, in matters relating to the nature and composition 
of soils, kinds and qualities of manures — ‘^artificial and 
natural,” “general and special,” — also to the cultivation 
of soil, and the growth and rotation of crops. Under 
these various headings many popular fallacies are exposed, 
connected with the classification of soils, the action of 
ikne and nitrate of soda when applied to soil, the value 
of silica and of farm-yard manure, the sources of the 
supply of nitrogen to the growing plant, and the supposed 
ultimate exhaustion of soil — called a “ store-house, a 
laboratory, a vehicle” — by systems of cropping. 

The merits and methods of “ autumn cleaning ” are dufy 
introduced. The valuable work of the Rothamsted experi- 
ments is fully acknowledged and concisely explained. 

This new contribution to agricultural literature comes 
at an appropriate season, when there is a growing de- 
mand for text- books of a trustworthy kind : so few can be 
found which are not simply the incoherent drivel of men 
who have but a very limited and imperfect knowledge of 
the subject. 

The work is written in a style which will lead the 
student to think for himself, and but for one serious 
blunder in the later pages we should have pronounced it 
to be exceptionally perfect. Partial toleration is extended 
to the practice of sowing down land to pasture with seeds 
swept from the stable-loft. The loss sustained by the 
country through Miss Ormerod’s warble- fly is thrown into 
the shade by the loss which has resulted from this 
exploded system of seeding down to grass. Wc hope to 
see the error corrected in a second edition, which, judging 
from the value of the book, cannot be long in making its 
appearance. 

A Season in Sutherland. By J. E. Edwards- Moss. 

(London : Macmillan, x888,) 

This is a pleasant little book, though it affords no kind 
of information to the naturalist or to the sportsman, while 
it can hardly pretend to rank as a contribution to belles 
letircs. But Mr. Edwards-Moss is acquainted with certain 
districts in the north of Sutherlandshire ; he has thrown 
a fiy, and shouldered a breechloader ; and he writes of 
bis experiences in an unpretentious and graceful way 
which ought to commend the little volume as an accom- 
paniment to an after-dinner cigar. He also quotes freely ^ 
from contemporary and other authorities, including 
amongst these that profound thinker and teacher, Mr. 
Mallock. Mr. Mallock, as quoted by Mr. Edwards- 
Moss, tells us that we should “learn to love the sea, and 
the woods,” and also “ the wild smell of the heather ” ; 
from which we may gather that Mr. Mallock has probably 
discovered some portion of the country in which 
heather smells of patchouli. 

LETTERS TO THE EDITOR. 

[The Editor does not hold himself nsjon^bU for 

exbrotsed by his eorrespondesus, ifnther earn he mndor- 
take to return, or So correspond wUh the wriiors 
reacted massmeripti intended for this or any other part 
^NATtraa. Ho notice is taken sf sessonymosu eonmmei* 
eations.l 

Sky-eoloored Clonds” at N%ht 

Ik Hatukk, June s 8 (p. 196), Mr. Bad^oase notes 
pesianoe of mtnnk^ed cfoqds to notthward at / 
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hsve oM detect^ tmm ni the twpbridm of the entenoT fieginenWi 
but they have been possibly overlooked. These fuiMMls aw v^ 
abiicH^Dt ; for eKatnplCi I counted five in one section on one side 
of the body. Some of them are distioc' ly larger than others ; the 
larger ones wer<| occasionally observed to be connected with a 
duct which perforated the septum and joined the nephridia of the 
segment benind. 

In the posterior segments there is a distinct tendency for the 
nephridial system to become broken up into isolated clumjis. 
It by no means always hap|>ened that th’s tendency to segregation 
was in relation to the me amerlsm of the body. On the con^ry, 
the tufts are scattered irregularly in the segmtftita ; and the iater- 
segmental septa do not always isolate the nephridial tufts which 
are connected by intraseptal tubules. 

In fact the nephridial system of PeHchtta and MeeafcdiiUs 
forms a strong support for that view of tlm origin of the seg- 
mented from the unsegmeuted worms that has been so ably 
argued by Arnold L' ng. 

With regard to the ciliated funnels of Perichtta^ it is right to 
mention that they have been already observed by Dr. Benham 
in a species from Luzon, thougli no desci iption has been pub- 
lished, Pro/. Spencer has made the observation that in the 
posterior region of the body of MfgascoHdes there arc a pair 
of much larger nephridia, which arc furnished with a ciliated 
funnel opening into the segment in front of that containing the 
nephridiuin. He believes that these have arisen from the 
smaller nephridial tufts, and that from them aie derived the 
paired nephridia of such earthworms od LumkrUus, 1 am auite 
disposed to 'agree with Prof. Si>encer with regard to these 
points* I had already made sotr.e observations upon another 
earthworm which exhioits a closely analogous structure. 

In Petichccta aspergiUuni^ as I have mentioned above, some 
of (he ciliated funnels are larger than the others, and are con- 
nected with a nephridial tuft lying in the segment behind that 
which contains the funnels. I could not, however, n jtice a very 
marked difiference in the swe of the nephridial tubules themselves. 

In another species of Parkltaia^ vi«. P. which was 

characterised some years ago (Ann. Mag. NcU. Hist , 1883) by 
mysell, the nephridial system is rather difi'ercnt from that of P. 
asptrpUum. Mr. W. L. Sdater, of the Calcutta Museum, bos 
kindly sent me some specimene of this worm which were well 
preserved. The worm has been lately re-described by Dr. P, 
Rosa (Ann. Mus. Civ. Gemwa^ 1888), who states that each 
segment contain-s a pair of nephridia, opening internally by a 
funnel which lies in the segment anterior to that which contains 
the nephridium. So far Dr. Rosa’s description is accurate, but 
there arc also innumerable tufts of minute tubules which may or 
may not be provided with funnels. Thm appear to h for 
the most pamt quite distinct from tiu large, pmr of nephridia^ 
The calibre of the tubules of the hurge nephridm is many timea 
greater than that of the smaD tufts. The latte® open 
nnawrous orifices on to the exterior. 

in the present state of our knowledge it a ipp ea r a to nre p«r« 
misstblc to derive the paired nephridia of Lttmkricus^ &C., (rone 
the network of PcHchiVta in two ways, which mmy bods have 
actually taken place : — 

(1) By the gradual development of a pass of large nephridia, 
in the way suggested by Prof. Siiencer, oat of the minute 
nep^idiaJ network, and the gradual disappearance of the latter 
(which is in the process of disappearance in Porichesta arm«Ha\ 

(2) By the gradual breaking up of the oephridini netwovk inte> 
tufts of tubules specially connects whfh the setae, as in. Aetustke' 
drihts mmiiiform^ and by the dmppeasance of all but tvta. of 
these, pr. Benkoin's inteceitiiig Co^ Bemekydrihi^ whi^ ban 
two pnrs oC nephridia in each segment, ofttr$ aa iMwmediale' 
condition ia this rednctMiov 

lo aasuBft that tlie oefftaw y eonditioD' of tfare nephridial 
systeoa ol earthworms has bees derived ia thesn two wayir, 
Ttaders the matiial affiaitlev ofi oertain eafthworam. mier to 
umd^aiMh For example, (which is so ncarlw iIRed 

to/VnVA«toinaost respectv bat diners mlMfringncphridtofiritlM 
LmmMcus paftens) may have been derived iron /krwAaris. 


mtermediatc in many characters Ixjtween Perichsta and 
jdraaSlMMte, ia ateo^ aa S sbaU hope to show late& Wyr- 
madhrie to tho irriitoe»eafrof itanephridta, and may 


madiate to tho imMtoeBteafr of itanephridta, and may 
remsenhw ilm in tbe evohithm of Aeanikodtilus. 
ZoolQgkal Gardens, N.W. Feank E. Bni 






rHE **AWC£r^ EOC/t. 

T he circumstitocce a%te«iding the lom of tlie Ath' 
Av^cfft and Tiddington towante the soatbem eihl^^ 
of the Red Sea in the year 1887, and the subsequent 
finding of the small coral patch on which it is prej^bto 
they both struck, are of interest, and deserving of rdcortf 
as showing the necessity for very close exandnatioa of 
seas where corals flourish, and the difficulties experienced 
in finding a small patch at a distance from laad^ wheats 
neither discoloration nor break of sea aid the searched' 
It should be premised that the area between the Zefaeiyte 
Islands and Jebel Zukur, in which this rock lies^ hod 
never been properly sounded, only a few scattered depdtf 
having been obtained. It is crossed year^ by hundreds^ 
of steam-ships^ — the majority of them British — and haw 
always been accounted as deep, safe water. 

On the 4th of March the Avocet was steamiijg south- 
wards — with another steamer, the St. Oswald^ with which 
she had kept company for some hours, not far from her — 
a strong head- wind and heavy short sea prevailing at the 
time. At about 8 a.m. a shock was felt, succeeded by 
two others, and shortly afterwards water was found to be 
coming in. It )>eing evident that the ship would godow% 
the St. Onvald was signalled, and after a little time the 
crew of the Avocet were taken off by her, and the lattev 
sank. A Court was held at Aden, and the evklcac* 
taken before it showed that the shock had been 
one witness stating that he thought something had gone 
wrong in the engpne-room ; ana another, that it was a 
heavy sea that had struck the ship. The verdict was 
that the ship had struck on an unknown rock in latitude 
14^' 21' N., longitude 42^ 38' E*, the position given by tile 
master. No evidence was given to prove this posiiioa 
but the fact of the SL Oswald being in company, and oC 
other steam-vessels passing on either side of the two. 
ships both Just before and just after the accident, seemed 
to show that they must have been in the straight trade, 
and that the position was not far wrong in longitude at 
any rate. H.M. surveying-ship Flying Fish^ arriving at 
Aden shortly after the inquiry, spent some days on the 
suspected ground, and found nothing but deep water, 
over a hundred fathoms being found in the position 
given. 

Those who have the responsibility of the issue of charto 
for the guidance of navigators may be pardoned if they 
are extremely sceptical and difficult to convince in the. 
matter of new roclm in the great highways of tcafific. Stir 
many instances occur of reports which on invesdgatiom 
prove tor be erroneous— sometimes in the whole, tmtm- 
times in part (as of the position, fos instance)— thnt v«vf 
good evidence is requir^ before a report, se«nm 

in itself improbably can be accepted, apid oise of Her 
Majesty's ships sent — perhaps from a long distancy aii 4 
from other important duties— to ^lend many days in m 
search. In this case there was no doubt of the ship having* 
foundered ; but the cause of the' disaster was so m ewha t 
doubtfol, and her position was unsubstanUated It wa& 
evident, however, that it she had struck bottom it must 
be a v^ small rock, as the presence o£ other mmdA 
prevented the supposition of a wrong coutscl 
T he Avaset was pwaly Ladess rail wa^r 

pitching in a hen^ sm, and the evideeee ^ tNiMMh 
injflny wan nnl. oontsinidaff. Alfiogetter k senMd inoM 
probable that sonm of tbs henvy nwfenrM had filcM 
way and injured thn sbip^ Iram mslde tban that n 
could exist in the very tradr of the heavy trade of Aie 
Red Sea. The Admiralty thereferre announced that they 
would order no further search until these pt^iVts uterie 
cleared up, and the^Bowdlof Trade caaMnted to order e 
further inquiiy*. . ^ ^ ^ ■ 

The witottsea mm eohectod^ md Um Cdwt iiA e«h 
x% but hefona any ibfUies pseeee^^ 
place.a thevheads eliitot^eeildiiy 
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fi.«. TedtiUtt^^ had foundered a^x 
etrUdegan unknown rock 5 milea northeast of the Avoctfs 
rock| or in latitude 14^ sV N., longitude 42° 41^ £. 

Tt^ oeemfed auflicient, and the Court diasolved without 
Wy attempt to ceoss^examine the Avoctfs officers on her 
q^sitian. The Admiralty tele^praphed for a ship of war 
to p r oc ee d ^om Aden to examine the spot. The GrMm, 
ti^refoTO— whose captain had sat on the Court held there, 
and bad concurred in the hnding that the Teddington haa 
Struck on an unknown rock^spent over a week in 
traversing the area including both positions, sounding 
imd drag^ng a chain cable suspended from her quarters, 
hut foura no sign of shallow water or rock. On her 
TOtum to Aden, a hsherman announced that he knew the 
rock, and the Griffon returned with him, only to find that 
his rock was a well-known one 40 miles from the spot 
required. 

Any further action was then suspended until the full 
r^ort of the Teddington disaster was received. The 
omcial report of the Court held at Aden was long before 
it arrived in England, though the protest of the master 
wras received before many weeks. 

This stated that the Teddington was on her way north, 
and on June 9, at 6 a.tn., she passed sk miles eastward of 
Abu Aif, udtere she got a good position and the orror of 
her compass, and thence steered to pass 5 miles east of 
position given for the Avecet danger; calm, and 
'weatner fine At 8.30 she struck heavilv, nothing being 
eeen vnder Ihe stem, and no land in stgttt. Course was 
sA«iiee«leei>edtothe soutlnwest, into the teecknf steamers, 
wrtien the es. Cairo was n»6t widi, and ite cnew tafcen off, 
<tlie TtdtHngtm ^ndering shortly sbfterwanls. The 
ma st er gave Ms position m% in latitude 14^ m' SO'" N., 
IsngksKie 42^ 42' 30'' £., or i4 mile nortb tof the 
tele grap he d pemtien ; but cause was mhemvasds seen to 
prem the latter. 

A statement was 'dioitly ufter reoeived from waatber 
ship that they passed the TMingiem, a toa ndanad .and 
tear In the water, at a tisae four hours hder than that 
given for her foundering. This contradiotion seemed to 
venire explanation. 

Before the official report arrived, the master <rf the 
Tkjddington called at the Admiralty by desire on 
August 4, and gave his account by word of mouth. 
Mis ‘relation was so straightforward, and it was so evident 
wn cross^xammation that the ship had 'been navigated 
srtth great care, that it was clear that another and closer 
oearch must be made. Captain Free sacplaiDed that the 
Teddington had been lost sight of in the hase, as the 
d 2 edro steamed away ; and that rt was belaeued she had 
lAm sunk. 

The position now given, being 5 tnilesfrom the straight 
'track that steamers usually swdeavour to follow, gave 
snudli more probabil^ to existence of a rock than the 
Apoeefs veport, which placed it exactly in that direct 
sttste. 0 r 6 m were therefore at once sent to H.M. sur- 
’Wying-vcssel then in the Mediterranean — to 

^esM to the spot, and institute a minute search early in 
^Skcftober^ when tne climatic ooaditions aaemost favourable 
beitoatwioifk. 

fn^September a tepfowas reoeivedtoftiquhtasmadeof 
'ttibewiasternf the astothe position of his ship 

s^nialled W the Awcet, This showed that the St. 
Ol«PaAr|Md 4 hund,w 4 ien Jtfodifokitrwhs aighiecLthat she 
wstn wmnsideraldyto the eastward wf the oenmt ooutse, 
Une foutfon given by she was aome four 
thtlfS in wsfwr* "ttie pedtion mm gfoen was 24* «f ' iJ., 
pkohig die AmoeA whhin mie of the 
' dangisr. This fveatly smngibened the 

^vtde^tie, ap4 showed tbit w mml streif oms^et 
inisd imee •ekiieed on ibe tnommg tfantt ibe Amced was 

Hiewestwonfo. 

the had 


already set in. ^ Nevertheless, a close search was acoom- 
plishea, especially of the ground embracing the two beat 
positions m the Ap^^ and Teddington^ and extending 
lax on either side. Six weeks were spent In this search, 
but no danger nor considerable shying of the water 
could be found. The heavy aea which caused her to part 
her cable, cany away anchor stocks, and do other damage, 
and also placed considerable difficulties in the way of 
marking the area with beacons, seemed also to afford a 
means of sighting the rock— had it existed— by the break 
that would probably be seen on it. When, however, 
chart of the seurch was received, it was noticed that in 
one spot, nearly midway between the Avocet and Ted- 
dingtm positions, there was a slight shoaling of 
water ; a small area of 28 and 30 fathoms existinjg 
among the general depths of 35 fathoma The Sylvia 
had anchored on this, and had commenced to search it 
carefully with the boats, but the freshening gale drove her 
from her anchors before the whole area was examined. 

The indication afforded by this area, the slope of the 
sides of which was only a few degrees, was very slight, 



but it was evidently necessary to re-examine it before 
it could be certainly stated that no ‘small danger cxisud, 
H.M. surveying-vessel Stork was therefore directed to 
make a fourth search mi her way 4 o the East Indies. 

Steering out foom the mainlaad to the eastward, the 
Sierk struck a depth wf fothomsat 8 April 35 ; 
but passing ever it, ;the apot was ant again found until 
late in the aftemtoon. The ship v«s then anchoeed with 
a light anchor in a6 fathoms of^water, and the boats^began 
to aearck Just before 6 fathoms was found. The 
mght waslu^ly £ne,aAd next snomii:^ rise search was 
eenesved, concluding in J&nding^net soo yards fmao the 
j^p--a amall coral junundon which in one tfiotwas a 
dej^ of only 15 foet si lou^etitnicrjMMnflne^ 

Before, hf9Mver,Tlhee(xafn^^ was quite >ootnplete, the 
wind suddenly foesbem^ ou^ng 4be ship's anchor to 
drag, and foe sbifo to drtit djseoriy towards the rock. To 
xfoarfo38foessddehiad^h«shpi|^ 5/wKfrthus 

mrresdy asosped psafo^ rookfoat she had yast 

fonqd^ ' 
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The position of the rock is in latitude 14° 23 ^ 8^^ S., 
longitudTe 42* 41' 33" E,, 18 miles from the island of 
Jebcl Zukur, and the same from the eastern shore of the 
sea^ and out of sight of land except in clear weather, when 
Jebel Zukur is visible. The dangerous portion of the 
rock is only al^out 40 yards in diameter, but the sound- 
ings round for about 100 yards give indications of its 
presence. 

Its slope is not so very steep as in some other instances 
of coral banks in this sea. Assuming that coral after it 
attains within a certain distance of the surface grows 
mainly outwards, and that the almost perpendicular sides 
of some of the Red Sea reefs are mainly the result of such 
outward growth, the comparatively gentle slope of the 
Avocet rock may be taken to show that it is in an early 
stage of its development ; a view which its small size also 
supports. 

The rock lies on the bank of soundings on the eastern 
side of the deep-water gully up the centre of the Red Sea, 
near its edge, and close to the point where it comes to an 
end. It has frequently been noticed that coral patches 
most readily form on the edges of such steep submarine 
slopes — witness other parts of the Red Sea itself — but 
they generally take the form of a scattered line along such 
an edge, and it is not usual for one small and isolated 
patch to alone make its appearance. 

This rock is nearly midway between the St, Osnvald^s 
position for the Avocet and the telegraphed position 
of the TeddingtoHj and is about 350 yards from where 
the Sylvia was at one time anchored. It lies about 5i 
miles off the direct line between the Abu Ail channel and 
a point 3 miles west of the Zebayir Islands— the course 
generally taken by ships. 

Seeing that transverse currents are by no means rare 
in the Red Sea, and also that many vessels— especially 
when bound north at night — habitually pass outside Abu 
Ail, it is a cause for marvel that no ship has ever struck 
this small danger before. One of the telegraph cables 
passes close to it — so close that it is doubtful on which 
side it lies, and the ship laying it may therefore be con- 
sidered to have had a narrow escape. On the very 
morning of the AvoceVs loss, a large troopship passed 
east of that vessel an hour before she struck. Evidence 
is already forthcoming of many ships having been swept 
to the eastward at different times, so that they must have 
passed very close to the Avocet rock. 

The absence of a marked break on the rock is another 
somewhat curious fact, and shows how a short heavy sea 
without the accompaniment of an ocean swell can pass 
over as little water as 15 feet without showing more than 
the white horses which crown every wave when the wind 
is strong. 


MAGNETIC STRAINS, 

TT has long l^en known that when an iron rod is 
monetized its length is in general slightly increased. 
This phenomenon was lirst studied by Joule about the 
year 1847, and most of his experimental results have been 
confirmed by other physicists, among whom may be 
mentioned the names of Tyndall, Mayer, and Barrett. 

Joule enunciated the law that the elongation of a 
magnetized rod is proportional to the square of its 
njagnetization, a law which seems to have been pretty 
clearly supported by his experiments so far as they 
^nt. Now, when iron is subjected to the action of con- 
tmually increasing magnetizing force, a point is at length 
reached when further increase of the force produces com- 
par^ively little effect upon the magnetization. Tlie iron 
is then, m .popular language, said to be “ saturated/' iad 
ti (or until mtiy waSj commonly suppowd to have 
attuned a conditi^ of magnetic constancy, so that none 
of the properties of the meul connected in any way with 


its magnetism would be materially affected by any iacreMe 
of magnetizing force, however great, beybnd wfiat tnM 
necessary to produce saturation. 

Joule carried many of his observations up to the so- 
called “saturation point,** and then, perhaps naturaUy, 
seems to have assumed that nothing would be gained hf 
going any further, and accordingly discontmifod his 
experiments. It is, however, a somewhat remarkable 
fact that although his interesting discovery was soon 
widely known, an account of it appearing in ahnost every 
text-book dealing with electricity, while an exhibition of 
the phenomenon in question b^ame a familiar lecture 
illustration, yet for the thirty-seven years foUowing the 
publication of Joule's paper it seems never to have 
occurred to any experimenter to try what would be the 
effect of subjecting an iron rod to stronger magnetizing 
forces than those applied by Joule himself. Perhaps 1 
may be pardoned if 1 refer to the accidental circumstance 
which led me to do so. 

In 1884, a reprint of Joule's scientific papers was issued 
by the Physical Society, and 1 then read, for the first 
time, his original memoir on the effects of mamietism 
upon the dimensions of iron and steel bars. I had re- 
cently been engaged in an investigation of the heat- 
expansion of sulphur, changes in the length of rods of 
that substance being indicated by their action upon a 
small movable mirror which reflected the focussed image 
of a wire upon a distant scale ; and it struck me that a 
similar method would be well adapted for the exhibition 
of magnetic expansions. W ishing to have the satisfaction 
of witnessing some of these effects, I put together a rougb 
^paratus, m which the mirror principle was appli^ 
Tne battery employed consisted of five large bichromate 
cells, the zinc plates of which were immers^ in the solu- 
tion by the action of a treacStj and withdrawn by 
opposing spring when the pressure on the , treadle was 
removed The circuit included the magnetizing coll, a 
galvanometer, and a contact-k»y. 

The first results of experiments made with this appar- 
atus were disappointing. Everything appeared to bei 
quite right; the mirror worked perijectly, as was sbovfo 
by Its dsfiection when the temperature of the iron rod 
was slightly varied ; the iron was well annealed; 
there could be no doubt that the magnetiring. force 
was more than $u£8cient to “ saturate ^ it (in the popiw 
sense). Yet the elortgadoh Indicated when the circuit 
was closed was only a small fraction of what had been 
expected, the movement of the focussed index upon the 
scale being, indeed, scarcely perceptible. 

The arrangement was varied in several details, and 
further attempts were made, but without any better 
success. In these perplexing circumstances 1 happened 
to remove my foot from the battery treadle while the 
contact key was stilljdepressed, and at the moment of 
doing so I noticed a curious “waggle” of the focussed 
image. A movement of the same, Idnd was found upon 
trial to occur if the zincs were lowered into the liquid 
while the key was down. The operation was then per- 
formed very slowly, and the exact nature of the waggle 
became clearly revealed. As soon as the zinc jmtes 
touched the surface of the liquid the index immematdy 
jumped into a position indicating a certain stnall elonga- 
tion of the magnetized rod. As die zincs went in deej^, 
this elongation at first steadily increased, but xn 4 y vtp to 
a certain point, after which it was ditnM^dj and vmen 
they were completely immersed in the liquid, dm focussed 
index had returned nearly to the zefo ^siaon, sfioiriug 
that the elongation had almost endrdy disappeared 
When the zincs were again slowly raised, the samelyde 
of changes occurred In iav«tse omer. 

The condusion obviously suggested lnr these ohsens^ 
tions was one that could notfa aceoMedL It' 

fPPHxtd as if the mSgttedzmgfitUee wh^ wM 

la the first kitianoe was. ^ Sw poduee 
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iikistrations — ^tbat of the tower of Beauvais Cathedral in 
ftont of a thundery sky — is the finest delineation of cloud 
ift lioe that has yet been produced ; and though Mr. 
Ruskin's writings have bad a powerful influence on con- 
lOnporary arj in England, the following notes on the 
lectures now hanging on the walls of the Royal Academy 
will show that much still remains to be done before 
British artists have exhausted the possibilities of cloud- 
painting. 

The great landscape of the year is undoubtedly Sir J. 
Millais* Murthly Moss” (No. 292), ^and readers will 
naturally ask, Is the sky good? The answer is, unequi- 
vocally, Yes. Our great artist has selected a somewhat 
rare form of sky, but one which is most ubcful in giving 
distance and perspective to a picture. As a whole, the 
sky is covered with a sheet of thin flat cloud ; but, while 
the top of the picture appears uniform, the sky lower 
down looks as if it were composed, or made up, of 
parallel bars, which get thinner and thinner as they 
approach the horizon. 

If a series of disks stretched in a line from nearly 
overhead to the horizon, at a uniform height of about 
10,000 feet, we should see the whole under- surface of 
those overhead ; and progressively less and less, till on 
the horizon the thin edges of the disks only were visible, 
like straight bars. This is exactly what happens in 
Nature when a thin flat sheet of cioud is broken into 
mrogular flakes. Above, there is only visible the flat, 
formless under^surface, while in the distance the thin 
edges of the flakes appear more and more like bars. 
Tim the picture of the sky aJone gives iastinctfvely the 
idea of retreating distance. 

Turner, curiously enough, hardly ever painted cumulus, 
tait .almost always a coarser form of this flaky sky 
mg ieto thinner and thinner bars towards the horiaoo ; 
and J have seen pictures by Mr. Leader, m which the 
same device was used for giving distance, with great 
eflfect In Millais’ picture the artist has painted the sky 
with consummate skill, true to Nature, and true to art 
in not destroying the balance of relative distance. 

Another important landscape is No. 102, Mr. G. 
Boughton’s ** A Golden Afternoon.” But in this the sky 
is scarcely satisfactory. The clouds are rather spotty, 
but yet not of the kind which come in flocks of little 
doudlfits; and it is difficult to make out either the 
precise form which it is intended to delineate, or the 
perspective of the whole sky. The reproduction of re- 
psmntative structure is simply nowhere, for at a distance 
neither form nor structure arc discoverable ; while close 
at hand the brush-marks are so apparent that the lower 
clouds appear to have a fibrous structure. This would 
be practically impossible, for though the summit of a 
vocky cumulus is often combed out into hairy cirrus, the 
rest of the cloud remains firm, and this would not occur 
on a golden afternoon.” 

Mr. Leader can be complimented on sending three first- 
rate skies in the three pictures which he contributes to the 
eslhibition. In No. 408 he not only paints ** An Old English 
Homestead,” but also a truly English sky. A wisp of cirrus 
floats over a weU-painted cumuhis, while the ideas of 
radacive height and distance are well given. Cloud forms 
are essentially the same all over the world, but the details 
dittert and if the sky in this picture were alone, I 
could say that it was nowhere in the tropics, but somewhere 
in a temperate zone. In No. 658, “ A Summer Day 

** '*'^”** conaregates in crowd# 

the floating mountains of the silver clouds 


jLea^r again paints the same kind of sky very 
iMuttfulIy ! but in 431, over “ The &mds of Abei^ 
^y/’ tonvee a tot^ly dilTerent type of cloud. Here 
m okwds float as a thm while fleece on the skya wkh 
WMoewmeU reggy, evaporating cloud of a totahy dhfiKOtit 


structure at a lower level. The tffiect is very etrildnga 
and the accurate drawing of the fesrms gives neiglit kiwi 
distance to the picture, 

Mr. V. Cole’s ‘‘The Pool of London^ (No.^d) has 
been purchased under the Chantrey beouest. This ii a 
large, fine picture, in which the artist has employed a 
device for giving distance that was sometimes used by 
Turner. A dark mass of cumulus cloud on either side of 
the sky loaves a sort of bright vault running down the 
centre, in which high white clouds lead the eye to the dome 
of St. Paul’s in the distance. The painting of all the clouds, 
and the effect of their floating at different levels, are very 
good ; but somehow the scale of distance in the picture 
is scarcely satisfactory. Artists are conventionally 
allowed to diminish the size of objects in the foregmund, 
and to increase that of distant objects so as to improve the 
effect ; but the modem eye, which is trained to the accurate 
projection of objects at different distances given by photo- 
graphy, knows that in this picture the ships in the fore- 
ground should be bigger, and the Cathedral dome smaller 
than they arc here delineated. 

“ Then came the Autumn^ all in yellow clad,” is the 
poetic title of Mr. G. Lucas’s picture (No. 342}. A Ireautiftil, 
finely-painted shower-cloud, in the shape of a rising, 
driving cumulus, gives such an idea of space and height 
that it is a pleasure to look at such a truthful transcript of 
Nature. This is one of the best skies in the exhibition. 

Close by, and in great contrast to the above, but 
fortunately well skied, hangs a small landscape which 
contams a sli^ of the worst possible detcriptiOA. While 
and bloe and gw am pattlied about the caufos peo- 
ratsenemsity. legiudBess of form or dnwieg or 'p wsg m mm ; 
and tbesutm Mems to consider that toy mhaitmof iteoe 
colotirB Tweiems a cfond-covefod 

Arthks ^ not ofoen break a lance with «msa of s ci eBO^ 
but Mr, J. Brett has nm atlkiqpdeotilreaatroomwn^a^ 
geologists. One of Bis pictures of ^Is ytstrr is Ire wm- 
Ditious suldect— The Baiilt’s Shadow on ibe Skf* the 
Rising of toe Duik.^ A short time after mmsot m Bae 
weat&r, the shadow of tile earth smears to rtm Aamlhe 
eastern honsaB, IBoe the segment m a toaden-rafaith ; 
but there U Bttle to suggest lihis on Mr. casrea s , 

tboi^fh the geneial effect of the pjcture is very f j eaifta y , 
A bn^t green sea fl 31 s up the foregirond^tben tmutfsm 
line Of grey in Aadow, bilk abooe ; wllit 

the zoning of a gilded sunset sky from red through 
orange to blue is very skilfully handled. But the low 
mist is more characteristic of sunrise than sunset ; and 
the sky appears to us very bright to be opposite the sun. 
This artist also shows a well- painted shower-cloud in “ A 
Heavy Squall off the Start Lighthouse,” and a confoaed 
cumulus in a slightly finished work entitled “ The Bristol 
Channel.” 

In “Nearing the Needles — Return of Fine Weather 
after a Gale,” Mr. H. Moore exhibits a pretty picture, with 
a lovely sea and sunlit chalk cliff) but the cmds are not 
very well defined ; and are rather soft for the rear of a gale. 
The Needles appear to lie to the east of the ohservm', 
while the sea ana ships appear to be running from south- 
east If this is so, the sky has for more the character ^ a 
north-west than of a south-east wind. Another <or Mr. 
Moore’spiclures— “A Breezy Day in Uie Chanael’^-^liriiigs 
into evidence the great difficulty of pahuixtg clouds care- 
fully, and yet of maintaining the balance of the picture^ 
Here the clouds— irregular cumulus— arc very good fo 
form, and beautifully .painted; but this careuu 
makes them so heavy that they appear rather too rentr# 
An artist’s scale ;Cff o^tance is to a certain extoat a eaii{|p 
^distmetareM^sp that When cfouds are painted ig glitMlfo 
detail, it is ve^y hot fo make them 

skear. Xheeanre oTtfoMm 

where krepufol 

and preipectivd, Is a good drel too heavy. 
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Ttkto cuimtlos in Mr. HooVs ^ Low<Tide 

GlMmiags ace not more 6aished than the rest of the 
^ctuve, but are correct both rn form and drawing ; and 
the same remarks apply to bis work, “ A Day for the 
lighthouse/' 

”Thanct Cliffs in the Time of Peace,” by Mr. S. Cooper, 
shotys a good cumulus with citrus overhead ; but in Mr. 
C Hunter's “Fishers of the North Sea” the cumulus 
doud is not satisfactory. 

Mists on a mountain, with a gray sky, are very well 
painted in Mr. Feed's “ And with the Burden of Many 
Years,” and make an effective backmund to a striking 
work of art ; while in “ The Approach to Bealloch-na<ba " 
Mr. H. Davis has delineated mountain mist with equally 
good effect. 

Mr. P. Graham’s “A Norfolk River” contains a very 
good showery sky, but the brush-marks give an ap] earance 
of fibrous structure which would not be in Nature ; while 
his “Driven by the Wind’' contains an effective mass of 
gray nimbus or rain-cloud. 

Mr. W. Shaw paints a good misty yellow-tinted sky in 
his “ Tide Race ” ; but the great mass of cumulus behind 
Sir F. Leighton’s central figure of the “Captive Andro- 
mache” is not very satisfactory. 

The sky in » The Old Water-Way,’" by T. Liddell, is 


Old Water-Way,’" by T. Liddell, is 


good so far as form is concerned, but is painted so heavily 
that the clouds look like clods. Philologists say that the 
word doud is really derived from clod, but artists should 
not ejqpress that idea in their works. There is a rainbow 
in this picture, so ill denned chat it is difficult to make 
out the succession of tints ; though 1 think the red is 
mesmt to be outside, which is correct. 

Mr. R. Rouse’s “ Pasture-land in Kent ” would be much 
more pleasing if the clouds were more carefully painted, 
and not so like patches on the sky. Jn No. 553, Mr. H. 
Wells is to be complimented on having painted rays 
dtvcr^tig from the sun from exactly the proper kind of 
sky* These rays are rarely seen except through a peculiar, 
flat, broken cloud ; but they are usually associated with a 
firmer, harder sky tlun is We depicted. 

Lastly, Mr. C. Johnson paints the “ Plain of Arundel” 
under two well-drawn layers of cloud ; and Mr. J. 
MaeWhirter has hit off with great skill and accuracy a 
flat, broken cloud, lit from below by a setting sun, beside 
the picturesque castle of “ Edinburgh.” 

Such are some of the m^we notaWe skies in our great 
national exhibition of pictures, and it will be seen at once 
that the best skies are painted as a rule by those who 
have achieved the greatest success in the other elements 
which make up a good picture. May we not therefore 
fairly conclude that part of their success is due to their 
faithful rendering of skies and clouds ; and that it behoves 
th^ who wish to attain a high place among landscape 
])aiiLters to study the form, the structure, and the perspec- 
tive. of those clouds which give life, and height, and 
dUtaacei to every picture ? Ralph Abercromby. 


T/i& OXFORD UNIVERSITY OBSERVATORY^ 

fottxming are the principal parts of the Thirteenth 
* Axmtwl Reoort of the Sarflf an lYofesaer of Astronomy 
totho^oaniof Vialtors of tho University Observatory, 
md tam 6, i8d8 : — 

t, Lectum.^-^ln addkiiQa lo> tb* requraite staiutablft 
tecturesi Prof. Pritchard has offered some others of a 
miiffe djEmentaiY and quasi public character on dcscrip- 
astronomy, and expressed as fikr as possible in un- 
imknieid language. Hehas been so imieh encouraged by 
thetoifregt t^Meketwres that ho proposes 

t«^epkaneikeritnfl pai^itm eerkt on the 

Wkmikae at to tW of the Cosmos from 


IL /mfrummts.^Tho De La Rue equatorial is inr 
. excellent order ; its mechanical mounting is now ecmal 
, to the delicate purposes of stellar parallax to which it has 
been uninterruptedly applied during the last twelve months; 
Although the mirror is perhaps somewhat dimmed witb 
age, its figure, which has been recently tested by com- 
parison with the presumed best productions of the day, 
retains its origin^ very remarkable character. 

The two mirrors mentioned in the last Report have 
been mounted temporarily on the large equatorial £er tbo 
purpose of the comparison of their photographic actiofL, 
An efficient electric control contrived by Sir H, Grubb 
has also been added with the view of securing the greaA 
accuracy necessary in the movement of the telesl^pe 
The work for which the mirrors were intended havizig 
been completed, they have now been dismounted. 

Dr. De La Rue having provided the funds necesaafy- 
for a photographic telescope of 1 3 inches aperture and of 
the pattern suggested at the Paris Conference of 18851, 
the large equatorial has been sent to Sir H. Grubb at 
Dublin, for the purpose of attaching thereto the insuin- 
ment in question, and of carrying out the other cottt- 
siderable alterations necessary for the phoiograpbic 
charting of the heavens, as proposed at the amresaid 
Conference. 

The transit- circle is in perfect order. 

III. — Mr. Nasmyth has presented him 
magnificent picture map of the moon for the servw of 
the Observatory. This very beautiful work of art (6 
feet in diameter) was completed by Mr. Nasmyth kom 
actual observation with a large telescope of hia own 
construction in 184.9. 

IV. Astronomical Work. — During the past year this 

has been twofold. In the first place continuous attentiea 
has been devoted to the photograpliy of small portioAiS <rf 
the heavens with the view of dSkennining the parallax 
certain selected stars. In the first instance a careful trial 
of the method was made on the parallax of 61* and 
Cygni, because the parallax of the point midway betwMk 
the two stars had been determined, with presumedly 
great accuracy, by Bessel in 1838, whereby effective me^H 
of comparing the two methods were supplied Tb» 
general agreement of the result obtained from photo- 
graphy with that determined by this most able astronomer, 
together with the remarkable consistency of the individual 
photographic measurements, satisfied Prof. Pritchard not 
only of the great convenience, but also of the unimpeach- 
able accuracy of the method Dr. Pritchard has conse- 
quently much extended these operations for stellar parallai^ 
and before the termination of the presen t’y ear he hopes that 
the computation of the parallaxes of altogether some ten or 
twelve stars will be completed. The list will comprise 
61 1 and 6f ‘^ Cygni, Cassiopeise, and Pofaria, which four 

stars may be regarded as already completed. Throe 
more parallaxes nave been provisioHoify dctemisxod from 
observations of six moniks* viz. a, y Cassiopoiie \ four 
others also are in a forward state. Experience baa 
suggested that these stellar parallaxes will be most readily 
and cffidcntly determined by confining the photographic 
work on each star to those four periods of the year 

in respect of each parallacttc ellipse, are the most effeettvo 
far the purpose. It should be stated that for the porpoeeo 
of accuracy four stars of comparison are selected, ixttteufi 
of the two wkh which aatronotanrs have hidierbo hen 

1^. Prltchardalso^, without of time» to 

measure from night to night tbe distance between the.stara 
of comparison themselves, thus furnishing a check to the 
unevoklable variability of the scale of the focal field and 
of the|fltot(^papldcfiun. These eperatiotis are at iweeenl 
teMricted to a systemattc catalegue of stars of die ae c oa i 
magoitode. It appears that astronomkai work like Uua 
k adapted to an Obs«^atory cotmected with a great 
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University* It may be interesting to record the results 
of the computations so far obtained, viz. ; — 

6i^ Cygni . 0*4^89 ±0x1180 « Cassiopeiro . 0*072 ±0*042* 
6i» Cygni . 0*4353 ±ox>i32 0 Cassiopeiae . 0*187 ±ox> 39 * 
fi CassK>peiae 0*0356 ±0*0250 y Cas8iopei8e<o*oS ±0*047* 
Polaris . . 0*052 ±0*0314 

The last result is peculiarly interesting, as it seems to 
furnish an instance where the resources of modern 
astronomy have arrived at the liniits of their present 
possibility. The total number of plates taken lor the 
purposes of the above investigation is ^proximately 700, 
and each plate has been measured with 120 bisections of 
the necessary stars, amounting altogether to about eighty- 
four thousand obser\'ations. Independently and concur- 
rently with the preceding work Dr. Pritchard undertook 
for the Photographic Committee of the Royal Society the 
examination of two silver on glass mirrors of the same 
aperture but of very different focal len^hs, with the view 
of ascertaining the practical effects of focal length on the 
photographic field. This work, owing to the temporary 
character of the mounting and the imperfection of the 
mechanical movement of the telescope, has been attended 
with great labour and personal endurance on the part of 
the observer, but at length it was brought to a successful 
conclusion, and the results have been communicated to 
and printed by the Royal Society. The expenses of the 
instrumental appliances connected with this investigation 
have been defrayed partly from a grant from the Royal 
Society, and partly by the generosity of Dr. De La Rue, 
to whom this Observatory owes so much, not only in the 
matter of pecuniary aid, but by his kindly encouragement 
and appreciation of our labours. The general result of 
the investigation alluded to above is the comparative un- 
suitability of any mirror for an extensive charting of the 
heavens, and particularly as regards mirrors of short focal 
length ; but at the same time it leaves no doubt as to 
their capacity for the singularly accurate delineation of 
small portions of the heavens, and for such operations as 
those connected with stellar parallax, or the charting of 
the moon. Preparations were made for the necessary 
observations of the lunar eclipse of January 28 of this 
year ; but, as was the unfortunate case with this and 
many other Observatories, they were rendered ineffectual 
by a clouded sky. 

The above astronomical operations made under Dr. 
Pritchard’s direction were skilfully and sedulously carried 
out by the two Observatory assistants, Mr. Plummer and 
Mr. Jenkins. 

NOTES. 

We learn that Dr. Guppy left England for Batavia on the 30th 
irit. with the intention of spending some time in the examina- 
tion of the living and upraised coral reefs of the Indian Archi- 
pelago. Mr. John Murray has provided the necessary funds 
for the first six months of his sojourn in that region, and has 
directed Dr. Guppy in the first place to make as complete an 
examination as he can of the geological structure of Christinas 
Island. Judging from the important notes and collections made 
by Captain Aldrich and Mr. Lister during the recent visit of 
H.M.S. Egeria^ this island would seem to be one of the oldest 
of the upraised coral islands, and as such it is likely to prove 
of considerable geological interest. At the last meeting of the 
Geographical Society, Captain Wharton, the Hydrographer, read 
a short paper on this subject. 

Apparently we have missed our chance of solving the many 
interesting problems relating to the Antarctic regions. The 
matter has now been taken in hand by Germany, and we may 
be sure that she will not fail to carry out the enterprise in an 
energetic and thorou^Iy scientific spirit. The expedition U belT>g 
organized by Dr* Neumayer, of the Hamburg Observatory, 


Mr. Jesse Coxxinos is to be congtatulated m the mvfy of 
bis efforts to secure for the parish of West Lavington^ WKtaUmi 
the full benefit of the Dauntsey Charity, a part of which the 
Charity Comnussioners proposed to use for the estahlUhmeoi of 
a High School in some other place in Wiltshire. It is now 
posed— with the approval of the Mercers* Company, the principal 
trustees and patrons of the Charity, who have agreed to under*, 
take a liability of ;f6o,ooo— not only that the children of the 
poorer inhabitants of West Lavington shall be provided with an 
ordinary elementary education, but that a fully-equipped Lower 
School for technical training in horticulture and agriculture riiall 
be created for their benefit. It is intended that the latter school 
shall be adapted to the needs of persons who cannot afford to 
attend such institutions as those at Cirencester and Downton. 
If the scheme is carried out, land will be provided for the more 
thorough instruction of pupils, and classes will be formed 
for the teaching of the various sciences and arts which especially 
relate to agriculture. 

On July 16, Prof. W. E. Ayrton will begin, at the City and 
Guilds of London Institute, a course of six lectures (to be de- 
livered on Mondays, Wednesdays, and Fridays) on the con- 
struction, testing, and use of electrical measuring instruments. 
This course will include experimental lectures and special 
laboratory work. The lectures will comprise the principles and 
practice of the con<«tructioD, calibration, and testing for faults of 
ammeters, voltmeters, ohm meters, wattmeters, coulombmeteta, 
and ergmeters as used for direct and alternating current systems. 
The students’ practical work will be conducted in a laboratory 
specially fitted with accumulators, standard instruments, &c., 
for electrical instrument testing ; and they will have the oppor- 
tunity of examining and practically trying all the more important 
electrical meters at present in ordinary use. 

An interesting Exhibition of hygiene and life-saving apparatus 
has been opened in the Park Leopold at Ostend. The exhibits 
are divided into the following sections : —Applications of geo- 
logical, meteorological, and medical science to hygiene, in- 
dustrial hygiene, maritime hygiene, domestic hygiene, hygiene 
of infancy, publications relating to hygiene, and life-sarlng 
apparatus. 

At Messrs. Stevens’ Sale Rooms on Monday, the 2Sth uit., a 
specimen of Papilio caunus from Assam was sold for jfio* 
Mr. William Watkin, of Croydon, was the purchaser. 

At the meeting of the Scientific Committee of the Royal 
Horticultural Society on June 26, Prof. Church contributed a 
summary of his highly interesting and important researches upon 
the presence of aluminium in the ashes of plants. This Sub- 
stance, instead of being peculiar to the species of Lyoopodium, 
as once supposed, is found in minute traces In the a^es of very 
many others, a circumstance not to be wondered at, considerloc 
the abundant distribution of the element in many soils. It oc- 
curs in all the species of Lycopodium examined, except those 
which are of epiphytic 'habit, and which, consequently, do not 
directly derive their food from the soil. It does not occur in 
the allied genus Selaginella. It occurs in the ashes of some 
tree ferns in large proportions, sometimes forming as much 
as 20 per cent, of the ash, as in Alsopkila amfralis, CyaikgA 
mtdullaris ; while from others it is all but absent. In the British 
species of ferns little or no alumina has been found. 

At the same meeting Mr. McLadtlan called attention to the 
notion that cold winters are injurious to insects-^ notion he 
stated to be erroneous, although, no doubt, severe aUertesdons 0^ 
cold, beat, drought, or moisture, were prqfudlchd to Insect 
Daring the present season it was noticed genmDy thnt 
destruction of foliage occurred finoitt caterpillar* whi<± 
the succulent portions of the leaf and tied the fritmowdih ittd 
fragments together by a web qf ^ne 
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The 90 cAttfrpiUars were different in different 
In the oek they were epeoicB of Tortrix ; in the epple 
Hie winter moth was destmotiye ; while in other cases the larva 
of the Ermine moth was exceedingly hurtfhl to leaves. 

Tux Amsruan Meticrehgical /purHal^ desiring to attract the 
attention of students to tornadoes, in hopes that valuable results 
may be obtained, offers the following prizes : — For the best 
original essay on tornadoes or description of a tornado, 200 dollars 
will be given ; for the second best, 50 dollars. Among those 
worthy of special mention 50 dollars will be divided. The 
essays must he sent to either of the editors, Prof, Harrington, 
Astronomical Observatory, Ann Arbor, Michigan, or A. 
lAwrence Rotch, Blue Hill Meteorological Observatory, Read- 
ville, Mass,, U.S.A,, before the first day of July, 1889. They 
must be signed by a twm de plunuy and he accompanied by a 
sealed envelope addressed with the same mm de plume and in- 
closing the real name and address of the author. Three inde- 
pendent and capable judges will be selected to award the prizes ; 
and the papers receiving them will be the property of the journal 
offering the prizes. A circular giving fuller details can be 
obtained by application to Prof. Harrington. 

Thb United States Congress has been discussing the question 
whether the Weather Bureau should be transferred to the pro- 
posed new Department of Agriculture. Science advocates the 
maintenance of the existing system. ** The observations,” it 
says, “upon which the Weather Bureau bases its calculations 
are now all made by enlisted men of the army, who have been 
specially instructed and trained for the work. No political 
inffuence whatever has been allowed to operate for their 
appointment, promotion, or retention in the service. It has 
the aim of the Chief of the Signal Office to send to all 
important stations men who will be acceptable to the communities 
in which they are to live and do their work, but no member of 
Congress has been able to secure the transfer or removal of an 
observer sergeant in order that some favourite might be put in 
his place. The security which the observer sergeants have felt 
fbr the terms of their enlistment has certainly had a beneficial 
eSbet upon the character of the service they have rendered. 
It may seem an anomaly to the people that a duty that is in no 
respect of a military character should be done by soldiers rather 
than by civilians, but the military organization of the Weather 
Bureau has certainly resulted in keeping political influence from 
dictating in regard to the personnel of a class of men whose 
appointment and promotion it was very desirable to keep free 
from this ioffuence.” 

ThX Report of the Director of the Hong Kong Observatory 
for 1887 ^owB that the meteorological inquiries are being 
pushed on with vigour, and that the amount of information 
collected respecting the typhoons of the past year has been much 
greater than in previous years. Some of these results have been 
publirimd in an appendix on the “ Results of Further Researches 
oonoenfiiig Typhoons ” ; and another work on the subject, with 
exhibiting the paths of the typhoons, is in preparation. 
This Investigation vrill throw light on the cause of the frequency 
of these storms in the China Sea in September, and will enable 
masters of vessels to escape damage them, and to make 
voyages, 

Wx have received from Dr, Hellmann a very comprehensive 
and mnelitl discussion of the rainfoll of the Iberian Beninsnla, 
^niog an eaoeipit paper (torn the BerUn ZtUsehiift dtr QaAhchaft 
voL xxlK The principal resnlts of the investiga- 
tion #ete'oomsanialcated to the Bedin Meteorological Society in 
Jainuaty M <aweNA.irua^ vd. intxvii. p, ^0). Dr. Hellmann, 
tO'Wliom we are Indebted for mati^ kboHo^ InqitM took ad- 
witnge eClOs Hay hk Aodefotiai in to eoUeot all avail- 

hlfojnknfcrididS) ; 


the present discussion has therefore been delayed until the ob- 
servations of ten more years could b: added. The work deals 
with the monthly and yearly values for sixty-seven stations, for 
which a sulficiently long series could be got, and contains a map 
showing the yeariy distribution of rainfall. The yearly and 
daily periods of rainfall, the monthly and yearly extremes, and 
the frequency, are also all fully and ably discussed. The 
annual ^ is very various, being no less than 138 inches on the 
Serra da Estrella, and as little as ti inches at L^rida, in 
Catalonia. In the yearly period the minimum fall at all 
stations occurs in July and August, and the maximum, generally 
speaking, about May or October, according to locality. Snow 
fails only in a few of the more elevated districts. 

The vapour-density of sulphur has been re-determined by Dr. 
Biltz in the laboratory of Vrof. Victor Meyer, with unexpected 
resnlts. It has hitherto been generally accepted that at a tem- 
perature (524® C.) not very far removed from its boiling-point 
(447* C.) the molecule of sulphur is built up of six atoms. This 
assumption is based upon vapour-density determinations by 
Dumas and Mitschcrlich, who obtained values about this tempera- 
ture pointing to a hexatomic molecule. However, the work of 
the last few years upon the chlorides of aluminium, tin, and iron, 
has opened the eyes of chemists to the fact that the doable 
formul* AljfCl^, SnjCl^, and FejCl®, resting as they did upon a 
few experiments performed within a very limited range of tem~ 
perature, are erroneous, and have no foundation in fact. The 
older work upon the constitution of sulphur molecules was 
notably of this class. The experiments themselves were irre- 
proachable, and completed with all the skill for which the 
experimenters were famous ; but unfortunately the temperatures at 
which they worked were not sufficiently removed from each other, 
there being only a difference of 27® C. between their maxima and 
minima. It is now, moreover, a demonstrated law that the 
existence of molecules of fixed composition can only be assumed 
when the vapour-density remains constant within a notable 
interval of temperature. Hence a series of fresh determinations 
have been undertaken in the case of sulphur. Experiments con- 
ducted at 518® in a bath of vaporized pcntasulphide of phos- 
phorus by Dumas^s method gave values averaging about 7'0, 
which arc neatly coincident with Dumas's own. At the higher 
temperature of 606®, using a bath of stannous chloride vapour, 
the density had diminished to 47. At 860®, as is well known, 
sulphur vapour attains the normal constitution of two atoms to 
the molecule, and the density remains constant for about 200® 
higher still. Hcncc, in order to finally set the questibn at rest, 
a series of ten determinations were made at intervals of about 
10®- 1 5® from 468® to 606®, with the conclusive result that the 
density regularly diminished from V’9 at the former to 47 at the 
latter temperature. Hence the notion of S* is completely dis- 
sipated ; there is no more experimental reason for it than there 
is for the existence of molecules of the constitution $s or Sh* 
None but the value corresponding to the normal composition, 
Sj, stands the test of interval of terai^rature, therefore we must 
conclude that sulphur obeys the usual law, and that its molecules 
when completely vaporized are each composed of two atoms. 

Science that the logs from the great raff abandoned off the 
coast of New England a few months ago have drifted in a direc- 
tion about east by south, and that the greater part of them are 
now in the region between the 33rd and 38th parallels and the 
30th and 50th meridians. The reports lately received at the 
Hydrographic Office would seem to show that the general drift of 
the logs has been about east by south, and that most of them 
are now west-sonlh-'west from the Azores. Very few, if any, have 
driffed north of the 40th parallel A great deal of timber has 
been reported forther north, to the westward of the aotb 
meridian, but, from the descriptions given, it does not teem 
to be a pmrt of the great raff. 
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Iw the twenty-first Annual Report of the Provost to the Trustees 
of the Peabody Institute, Baltimore, it is stated that whereas the 
number of readers during the past year declined, the number of 
books used increased. Thus the library * ' is being gradually 
converted into thabreal reference library for scholars which its 
founder intended to establish.” A table included in the Report 
gives some interesting and suggestive information as to the 
subjects studied. Antiquitie*), philology, and theology seem to 
be the most popular subjects. On the first of these subjects 
2894 volumes were read ; on the second, 2336 ; on the third,, 
2212. Biography comes next ; but there wefe readers for only 
1,964 volumes under this heading. 

The Register, for 1S87-88, of the Johni Hopkins University 
of Baltimore has been sent to us. In an introductory statement 
it is explained that this University was opened in 1876 ; that 
thus far the Faculty of Philosophy has alone been fully organized ; 
and that the formation of a Medical Faculty has been begun, and 
will soon receive further devcloimient. In the Faculty of Philo* 
sophy, instruction is carried on by University methods and 
by Collcgtate methods corresponding with the requirements of 
students at different stages of their advancement. University 
instruction is offered to those who have already taken an aca^ 
dcmic degree, or who have otherwise fitted themselves to pursue 
advanced courses of study. 

From the Report, just issued, of the trustees of the South 
African Museum for the year ended December 31, r887, we 
learn that the condition of the coUeclion generally has been 
ntisfactorily maintained by dint of regular and frequent inspec- 
tion. The donations during the year numbered 3125 specimens,, 
present^ by 78 donors, as compared with 1298 specimens, 
presented by 58 donors, in 1886. 'I'hc trustees make an urgent 
appeal for the extension of the Museum buildings, *' Each 
year,” they point out, “has of necessity increased the over- 
crowding of the very limited available space, and this has now 
become a most serious hin<i ranee to the usefulness of the 
Museum, and indeed an absolute barrier to its due develop- 
ment. The trustees have been disappointed to find that their 
repeated written representations on this important matter failed 
to meet with the favourable consideration of the Government, aa 
they have thus been placed in the highly unsatisfactory position 
of inability to promote the normal growth of the institution, or 
even to insure the proper preservation of much of the valuable 
public property for which they are trustees.” 

The annual reports of the Aeronautical Society of Great 
Britain for the years 1885 86 have bien issued in one small 
volume. Among the contents are the fallowing papers, read at 
the annual meeting of the Sjciety on D^jcember ii,, 1886 : — 
Gravity and wind -pressure on auxiliary powers in flight,, by 
Sidney Hollands ; balloon-signalling in war, by Eric Bruce ; 
experimental ballooning, by F, W. Breary j an aerial boat,, by 
Mr. Green ; and jet-propulsion for aeronautical purposes, by 
Captain Griffiths, 

Wk have received No. 5 of the first vahHBe, ftwftft erf 

Utse Memoirs and Proceedings of the Manohestes Liietary and 
Philosoj^eal Society. It cnatalns Use following memoira ir— 
Bescriptions oC twenty-threa new apeciea a£ Hyu<noptcBui„ 

P» Cameron ; a surv^ of the genua Cyprma (Una..), ita nonseiv* 
dobire, gcognapbical distribution,, and distiaotive ofoitoes^ with 
desoif^rtioas of two n«w species and scneiol vomtiee (with Vm 
plates), by Jance Cosmo Melvill ; a. catalogue ci the spectea 
and varieties of Cypreca, arroogisd oa a new cisGoUc aysteov. ia 
aceordoitce with true sequence of affinUy^ by^ Jamae CoteOft 
Melvill ; memoir of the late Prof. Balfouc Stewart,. F.,|LS^ bp 
Prof. Ar Schuster, F.R.S. To the last of these mensoite a 
Hst of the titles of papers by Prof. BaUbac Stewart is appended* 


A HXTH edition of Mr. WUlism Ford Stanleys **, 
matical Drawing and Meosuriog Xnstramentfl (E. and Mi 
Spon) has just been issued. It contains descriptions of twnnitf* 
five new instruments mounted or brought out since the poUliaaliM 
of the fifth edition ten years aga Among the insiruments in- 
vented by the author himself is the oograph, designed for the 
purpose of enabling o.:»logiBts to draw eggs of birds in their 
natural sizes and proportions. 

A USEFUL little volume on “ Landscape Photography,*' by 
Mr. H. P. Robinson, has been issued as one of the series of 
“ Photographic Handy-Books ” (Piper and Carter). It oonusts 
of letters written to a friend “whose study of photog^hy 
enabled him to produce a techuically perfect negative, but who did - 
not know how to put his knowledge to pictorial use.” “ They 
were not intended, ” the author explains, “ to point out a royal rood 
to art, but rather to act as a stimulus to activity in the search loi: 
subjects for the camera, and to teach how readiness of re.soarce 
may help good fortune in turning them into agreeable pictures.” 

An interesting pamphlet on Pallas's sand grouse, by Mt. W. 
B. Tegetmcicr, has just been issued (Horace Cox). It ia 
illustrated with a coloured plate and woodcuts. “It is greatly 
to be regretted," says the author, “ that a bird so beautiful in 
its form, harmless in its habits, valuable as an article of food, 
interesting to the sportsman as a game biixi, and to the naturalist 
as the type of a most singular genus, .should not be piotecUad. 
The present pamphlet has been compiled as an endeavour to 
make the bird better known, to interest the public at loige iiv 
the species, and thus, if possible, to aid in its preservatUm aa 4 
naturalization as a British game bird.” 

Sci^ce slates that Mr. William Walter Phelps has introduoed 
into Congress a Bill to purchase from Stephen Vail, of MonaW' 
town, N J., the original telegraphic instrument, or recordiiig 
receiver, invented by his father, Alfred Vail, and used upMi the 
first telegraphic line ever constructed, —that between Washing- 
ton and Baltimore,— and to Uanemtl the first message ever seat: 

“ What hath God wrought ? " The purchase of this instnanent 
is strongly recommended by the officers of the Smithaaniaa 
Institution. The price is ten thousand dollars. 

According to an official notification of the Trustees of the 
Schwestem Frbhlich Stiftung at Vienna, certain donations and 
pensions will be granted firom the funds of this charity thie year, 
in accordance with the will of the testator, Miss Anna FrdJfKcfi, 
to deserving persons of talent who have distinguished themsehes 
in any of the branches of sden,'e, art, or literature, and whp 
may be in want of pecuniary support, either through accident, 
illness, or infirmity consequent upon old age. The gMt of 
such temp:)rary or permanent assiatanca in the form of doiuulam 
or pensions is, according to the terms of the foundation d>wf, 
primarily iutended £r>t natives of the Austrian Emptea, bni 
£oteigpei» o£ every norioaolitj*— English and othcBS-*-ittnyr like* 
wise pastkipate,. piovukd they are resident in Aasteka. la- 
fewna t ioa aa totbe terms ancLcanditiQns of tha CouiKlatiM imikti. 

nsaar be obtained fiim the AustnorHungarian Ifitehaaiyr ttt 
London* 

The additions to tfie Zoological Society’s Gardens Mftig 
tftepast week mchidc two Tasmanian Wolves ( 
cephalus)^ two Bennett's Wallabys [Halmatutn^ * 

fflnck and Yellow Cyclediw {CyeUdut item ISss- 

man ia, xune SUky Bower Bitda (PAti^rAyneAm vio/ammyfAm 
Newaateh>Walii^t«nI;Angkhig1^^ 

ten Blne^ebedked Pasteiceeta {Piie/j^cmm tm 

Cei e e psln Geese sm* 

tm BUdb^hndtod 

lUfiem), two^ Late Mkwkera (Vmfvmm WttrAar)* two CMMW 
Moakm gomidiit * Qatewd’s Rte Kangteoo 

pfOmm e gaimmr^ front AiwScnU^ depoikedi ft S teW# 
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ifi€T 0 f% 4 lla lmis\ European, presented by Mn Walter C. 
BlSiket ; a Dark-Oreen Snake IZatnenu atrcvirms) from X)al- 
maidai on ^scuUpiaa Snake {Coiubtr ascmlapU)^ European, 
pardiosed ; taro Trkm^or^potted Pi^^eocu {Oflitmba 
brad in the Oordens, 


OUR ASTRONOMICAL COLUMN, 

Amkhican Omkrvatoriks.— T he Tnistees of the Lick 
bequest formaJJy made over the Lick Observatory to the Univer- 
sity of California on June i. The staff of the Otwervatory 
consists of Prof. Holden, Director ; Messrs, liamard, Burnham, 
Keeler, and Scbaeberlc, astronomers; and Mr, Chas, B, Hill, 
librarian and asiiistanl-astronomer. 

The Lick Observatory is not to be the most elevated of 
American Observatories. Mr. H. B. Chamberlin, of Denver, 
Colorado, is providing the University of that city with a new 
equatorial refractor of 2o inches aperture. The she chosen for 
the erection of this telescope is 5000 feet above sea-level, some 
800 feet higher thnu the Lick Observatory. 

Mr. W. K. Brooks, so well known for his cometary discoveries, 
bos removed to the Observatory provided for him by the generosity 
of Mr, William Smith, of Geneva, New York. Mia present , 
oiddress is therefore ** Smith Observatory, Geneva, N.Y.’^ 

The instruments of the Dearborn Observatory, Chicago, have 
bflen dismounted, and the old she abandoned, and a new bmld- 
hur h to be erected at Evanston, about t6 miles north and 3 
mSet west of the old site, and some 050 feet from the shore of 
LoIn Michigan, on grounds brionging to the North-Western 
University, with which institution the Ohaenmte^ is in foture to 
becCTmwtc^, but without affectang its relationship to the Chicago 
Astranooaical Society. The new bttSding, which is to cost about 

5iMK\ and which will include a dome and tower for the iS^rinch 
raunotor, a tronnt-rooin, liforaiy, and about eight other rooms, is 
the gilt of Mr. James Hobbs. 

Moheater, New York, has no fewwr than seven Observatories, 
of mhudi the Warner Obsctwnlory is the most important. 

IfiwoR Planets,— T he object rRsoofvered by M. BqreHy on 
May 13 has proved to be Sironia, No, n6 ; the difiference 
between the observed and predicted places being due to the 
q im m ian of perturbations in the computation of the ephemeris. 
H«t Palisa^s discovery of May 16 thus remains No. 278 os 
givAB in Nature, vol. xxxviu. p. 89, at first. No. 272 has 
boenmned Antonia ; No. 374 Philagorta. 

Tut Rings of SATURN.—Dom M. L^^, Director of the 
Ofa w rea tory of the Priory of St. John, Grignon, claims to have 
diocneered four new rings around bat urn, outside those pre- 
viously known. The first of these rings is said to commence 
At the extreme edge of that now known os the outer ring ; the 
neirt Teaches to the orbit of Enceladus ; the third, which is the 
brightest, touches the orbit of Tethys ; whilst the fourth and 
faxmeat ties between llione and tRheo. 

The distances from Saturn of the known rings have been 
meonred by M, Perrotin, at Nice, with the following results : — 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 JULY 8-14- 

/T^OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, oouating the hours on to 24, 
is here employed.) 

^ At Onenwieh on July 8 

Sunrises, 3h. 56m. ; souths, i2h. 4m. 5 ns. ; sets, loh. T4m. t 
right asc. on meridian, 7h. I2‘3ni. ; deck 22" 25' N. 
Sidereal Time at Sunset, I5h. 3jm. 

Moon (New on July 9, 6h.) ri«es, jh. i6m. ; souths, uh. 25m, ; 
sets, i9h. 3601. : right asc. on meridian, 6h. 32'5m,; deck 
21* n' N. 


Planet. 

Rises. 

Souths. 

Sets, 

Right asc. And decHasticti 
on meridian. 


h. m. 

h, m. 

h. m. 

h. m. 

0 / . 

Mercury.. 

4 30 • 

.12 7 .. 

. 19 44 ■ 

. 7 *47 .. 

17 35 N. 

Venus..,.. 

3 46 • 

.12 r .. 

. 20 16 . 

. 7 8*8 .. 

23 12 N. 

Mars 

13 s . 

. 18 iS .. 

• 23 31 

. 13 afi'S ■■ 

9 S8S. 

Jupiter. ... 

x6 6 . 

. 20 30 .. 

. 0 54V. 

. *5 39*0 ... 

18 38 s. 

Saturn .... 

s 4a . 

. 13 30 .. 

. 21 18 .. 

. 8 3»*2 ... 

19 9N. 

Uranus ... 

12 1 . 

. 17 41 •• 

. 23 21 .. 

.. 12 49'^ ••• 

. 4 39 S. 

Neptune.. 

I 6 . 

. 8 52 .. 

16 38 

.. 3 5«7 

, 18 51 N. 


* InJicaies ihat the h thnt of the follawin^ morainff. 

Comet Sower ihaj. 

Right Asceiuion. Dedinaiioa. 

July. h. h. m. , / 

8 ... o ... I 5’2 ... 49 22 N. 

12 ... O ... I 67 ... 50 10 

h . 

... 5 ... Mercury in conjunction with and 3® 34' south 

of the Moon. 

... 5 .... Venus in conjunction with and 1® 57' noftb 

wf the Moon. 

... 5 ... Mercury in inferior conjunction with the Stm. 

6 .... Mercury in conjunction with and j® 33' south 
of Venus. 

... — ... Partial eoTipse of the Son ; not visible ia 
Euro^. 

... 20 ... Saturn in conjunction with and o® i' north 
of the Moon, 

... 19 ... Venus in superior conjunction with the Stilt 

Variable 5 /arj. 


Star. 

R.A. 
b. m. 

Decl. 



Ti. 

n. 

U Cephei 

... 0 52 4 .. 

81 16 N. . 

„ July JO, 

21 

52 m 

Algol 

... 3 o'9 .. 

40 31 N. . 

• »» 

III 

0 

42 iW 

U Monocerotis 

... 7 25*5 ■ 

9 33 S. . 

- >* 

13. 


m 

R CraterLs ... 

... 10 551 .. 

17 43 S. . 

• II 

Ill 


M 

8 Librae 

... 14 55 * 0 .. 

8 4S. . 

• n 

13. 

I 

10 m 

U Corons ... 

... 15 136 .. 

32 3N. . 

* 11 

9 i 

0 

I m 

U Ophiuchi,.. 

... 17 10*9 .. 

I 20 N. . 

* II 

14, 

X 

18 m 

Z Sf^ittarii... 

... 18 14*8 .. 

18 55 S. . 

II 

12, 

t 

0 M 

R Scuti 

... 18 4* S •• 

S SoS. . 

• n 

10, 


M 

S Sogtttae ... 

... 19 SO'9 •• 

16 20 N. . 

* II 

9 . 

I 

oM 

X Cygni 

T Vulpeculae 

... 10 39 0 .. 

35 " N. . 

• II 

10, 

*3 

oM 

... 30 467 .. 

17 so N. ., 

* II 

10, 

22 

oM 





II* 

33 

0 m 

W Cygni ... 

8 Cephei ... 

-. 11 31*6 .. 

•44 5 iN. . 

• II 

hi 


m 

... 11 15% .. 

57 ft N. . 

• 1# 

7 . 

0 

0 m 


with an average probable error for each determination of 
sfc These rot^ulU agree wdl with those of Profs. O* 

Straw odd Meyer, eac^ in the cose of those In the last column. 
The dBsUncesin the £. ansa appeared almost always greater 
than those in the W. ansa Jbr the two outer points measured, 
hut the nteosiuns of the doiik rtqg ore sometimes gieater on one 
ildsL JomeUjpses on the other. This U probably due to the 
ttvwaSdo of. the perisotundum of the dark ring, whlA woula 
Jjjppaof Sotievolve round the piaiiet in an elliptic orbit The dark 
ime known os Endke^s dirision has not been seen In 1S88, 
^ifh seen in previous years } hut on the other hoo^ the inner 
pm df fhe, riim fi hm shoim throe Sniat dlritboe sepacotii^ it 
Iteark equal paru. The dark rii^hea ejfl^eaiwdflf 
0 nWintOiilU, abd no diriddtt her been dei»e^ 


M rifaUtes uiMdiauia : m flUaimam. 
Meteor-Shomre, 

R.A. Deck 

Near 102 Heroohs ... ayi ... ai N. ... Very alow, 
ago ... 148. 


aCygni 


Swift. Red stteoks, 
Swm. 


ELECTRICAL NOTES. 

Prof. NtCUoiAi of the Cornell Univeruty, has auggested 
theme of earbon ondnopper combiiked to fisrm a compoMated 
seristaaoe atandord. The resistanee of metals inoMOses with 
teotperatuns, but that of carbon diminishes. The movement of 
copper is -f O'jfti* carbon 0*0235 per cent per degree 
Genograide. Pur ««et|r ohm of narbon, ii*544ohms of oofiper 
Me amed to M«we owaplete oompemarion for temperMun 
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iMub with method) which consists in Aspirating nir 

thrmilgh giui tubes about 3 fiMt in length, coated internadly with 
a film 01 gclatine-p^tone. The oi^anisms, owing to the pro- 
per they possess of rapidly subsiding in the absence of disturb- 
ing influences, fall on the surface of the gelatine, and gire rise to 
GoTottles, 

The following series of observations was made by this 
method in j 886 ' on the roof of the Science Schools, South 
Kensington Museum, in order to trace the seasonal variations in 
the number of micro-organisms present in the air of one and the 
same place. The following are the averages obtained for each 
month during which these observations were made : — 

N^tmber of MurO'Organitms found in Ten Litres { 7 hvc Gallons) 
of Air. 


January 

. ... 4 

August 

. ... 105 

March 

... 26 

Septemlier 

. 43 

May 

. ... 31 

October 

. ... 35 

June 

■ ... 54 

November 

. ... 13 

July 

... 63 

December 

. ... 20 


From these figures it will be seen that it is during the 
summer that the largest number of micro-organisms are found 
in the air, whilst tne smallest average number was recorded 
in the month of January. 

The air at sea, the air at higher altitudes, and the air in 
sewers, have all been explored by means of Hesse’s method. 

Thus Dr. Fischer,^ in experiments carried on at sea, found 
that beyond a distance of 120 sea miles from land micro- 
oiganisms were invariably absent. And, inasmuch as micro- 
organisms are abundantly present in sea-water, it thus appears 
that no micro-organisms are communicated to the air from the 
water even when the latter is much disturbed. Moreover, as 
might have been anticipated, this complete freedom from micro- 
organisms was attained even in close proximity to land, pro- 
vided the wind had passed over the above-mentioned distance 
of $ca. 

Ai regards the air at higher altitudes, experiments have been 
made on the dome of St. Paul’s, in London, and on the spire of 
Norwich Cathedral, which show that even in ascending to such 
modest elevations in densely-populated centres, the number of 
micro-organisms suspended in the air undergoes very marked 
diminution. 

Thus, on the top of Norwich Cathedral spire, at a height of 
abput 300 feet, I found in ten litres (two gallons) of air only seven 
roi^-oi^anisrns, and on the tower, about 180 feet high, I 
found nme, whilst at the base of the Cathedral, in the Close, 
eighteen were found. These results are fully confirmed by 
another scries of experimenu made at St. Paul’s Cathedral. In 
this case the air examined from the Golden Gallery yielded in the 
same volume eleven, that fram the Stone Gallery thirty-four, 
whilst in the churchyard there were seventy micro-organisms 
present. 

The contrast between town and country air, and even between 
the air of the London parks and streets Is also exceedingly 
sharp. In Hyde Park — the place selected for the experiment 
being as far removed from roads and traflic as possible—! found 
ei^teen, whilst on the same day, |une 7, the air in the 
Ekhibition Hood, South Kensington, yielded as many as ninety- 
four. On the following day, however, when the traffic was very 
great, and the air was consequently heavily laden with dust, the 
numl^r rose to 554. This is in marked contrast to the microbial 
condition of country air, for on the Surrey Downs in the same 
vokme only two mtero-omnisms were found ; and in the case 
of kn extensive heath near Norwich only seven. 

WttMn thiors we find that the number of micro-organisms 
suspended ih the ah dspends, as we ^ould have expected, upon 
the number of peoj^ presenti and the amount of disturbance of 
the air which Is taking plaOe. Thus, on examining the air in 
the laq;;e entrance ball o! the Natural History Museum In 
Cromwell Road It was fi^und to yield under ordinary oonditiO!» 
float fifty to $tMty oiganlsnis in thesame Vommb (two gallons), 
but on wblt Mond^, When an immense mttnber of vlsltorsweit 
presem In the Mldlngi Hbnod ha mi^ .as nSa Again, on a 
jpu^ day at the mmmt udmut ei^teen 

mierci%igaaUm»a here ftnmd, hot on ^e Satorday^ when no en- 



trance fee is charged, there were as many as seventy-three in the 
same volume of air. 

The air of sewers has been shown by Camel ley in this country, 
and by Petri in Berlin, to be remarkably free from micro- 
organisms, the number being almost invariably less than in 
outside, air. That this should be the case is only natural when 
the moist nature of the walls and the absence ot dust in theiw 
subterranean channels is borne in mind, and although their 
liquid contents is teeming with bacterial life, there is no reason 
wny the latter should be carried into the air provided no effer- 
vescenco or splashing takes place. On the other hand, if the 
contents of a sewer enter into fermentation and bubbles of 
gas become disengaged, minute particles of liquid with the living 
matter present may be carried to great distances, and it must 
not, therefore, be too hastily concluded that because sewer air 
is generally remarkably free from micro-organisms, that, there- 
fore, a visit to the sewers should be attended with such beneficial 
results as a trip to sea or the ascent of a mountain summit ! 

During the use of Hesse’s method I became acquainted with 
several serious defects which it possessed, and in order to over- 
come these disadvantages 1 was led to devise a new process ^ for 
the examination of air. This consists essentially in aspirating 
a given v^ilume of air through a small glass tube, not more than 
4 inches long and } inch in width, which is provided with two 
filler-plugs, the first of which is more pervious than the second, 
and consists of glass-wool coated with sugar, whilst the second 
contains, in addition, a layer, | inch in thickness, of fine sugar- 
powder. On these plugs the microbes suspended in the aspirated 
air are deposited, and each of these plugs is then introduced 
into a separate flask containing a small quantity of melted gela- 
tine-peptone ; with this the plug is agitated until it becomes 
completely disintegrated, and since the sugar-coating of the glass- 
wool dissolves in the liquid gelatine, the microbes become 
immediately detached. The contents of the flask are then mode 
to congeal m the form of a thin film over its inner surface. The 
flasks are then preserved at a suitable temperature, and in the 
course of a few days the colonies derived from the organisms, 
which were collected by the plug, make their appearance and 
can be counted and further studied. Now, if the plug has been 
properly constructed, the flask into which the second or more 
impervious plug has been introduced will be found to remain 
quite sterile, clearly showing that the first plug has arrested all 
the microbes suspended in the aspirated air. This method yields 
results which agree not only very closely amongst themselves, but 
also with those obtained by Hesse’s method, if the experiments 
are made in still air, which is the condition necessary for an 
accurate result being obtained with a Hesse lube. As this new 
method is equally applicable in disturbed air, it possesses great 
advant^es over Hesse’s, and is, moreover, considerably more 
convenient, as it renders possible the examination of a far larger 
volume of air in a very much shorter space of time, the apparatus 
required being also exceedingly portable. 

Of the presence of pathogenic or disease-producing micro- 
organisms in air, there is little or no direct evidence so far ; it 
must, however, be remembered that it is just in the case of those 
extremely infectious diseases, such as measles, whooping-cough, 
&c., in which the virus might be expected to be carried through 
the air, that the exciting orgnnifed poisons have not yet been 
discovered and identified. 

The investigations on aisrial microhia, so far as they have as 
yet been carried, are of service In indicating how we may escape 
from all micro-organisms, whether hannful or harmless ; and 
secondly, how we may avoid the conveyance of micro-organisms 
into the atmosphere from places where pathogenic forms are 
known or likely to be present. This ^uaintance with the 
distribution of micro-or^nisms in general, and the power of 
controlling their dissemination which it confers, is really of for 
wider practical importance than discovering whether some 
particular pathogenic form is present in some particular sample 
of air. It is thu knowledge which has led to the vast improve- 
ments in the construction and arrangement of hospital wards and 
of sick-rooms generalty, and which has directed attention to the 
Importanee of avoiding uB circumstances tending to disturb and 
distribule dust It is, moreover, this knowledge or the distribution 
of micro-otgaaisms tn our surroundings which has formed one 
of Uie ibunaatloiuiior the antiseptic treatment of wounds-^hat 
great step in cttifftavp wlidi which the name of Sir Joseph Lister 
UASsocitfed* 

• * ** A N«w MediQd Ibr the QaaatHalife Efdnuttlon of the MienHMganiiiiii 
pntens to the AtmeS p k ew,* rml TVmw., vdI. dxxviU. p. xis- 
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wool plug to protect plug 
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^^kr&-0rgmmitm in Waitr. 

l*b« tiaicfo-tireaiusms present in water have long been studied 
hf observation with the microscope. Such ob^erva- 

tionil oan, however, only be made in the case of foul waters in 
whi^ badertft] life is very abundant, and even in such cases the 
information gained by the microscope alone has but little value. ' 
It i$ to the modem methods of cultivation, more especially those ; 
in which solid media ore employed, that our increased knowledge I 
concerning these primitive Inhabitants of water is due. Thus ! 
the beautiful process of plate-cultivation introduced by Koch,^ i 
and to which more than to anything else the recent advances in 
bacteriology are due, has been of the greatest service in the in- ; 
vestlgation of a number of miestions bearing on the micro- 
oiganisms in water. The method of pi ate- cultivation consists, ' 
asls well known, in taking some of the liquid or other substance | 
under examination for micro-organisms and mixing it with melted j 
gelatine -peptone in a test-tube, the mixture being then poured 
out on a horizontal plate of p;lass ami allowed to congeal, the 
plate being Chen preserved m a damp chamber at a suitable 
temperature. In the course of a few days colonies make their 
appearance in the gelatine film, and can be counted and further 
studied as required. This process is of extremely wide applica- 
tion, for by this means pure cultivations of the various organisms 
in a mixture can be readily obtained. If a de6nite volume of 
water be submitted (o this method of (Jate-cuUivatton, the 
resulting colonies on the plate clearly indicate both the number 
and the character of the organisms present in it. 

From numerous inveitigation*^ ni.ide by means of gela- j 
tine plate-cultivations, it appears that whilst surface waters, | 
such as rivers, contain an abun<lance of microbial life, waters, 
which like those from springs and deep wells have undergone | 
filtration through porous strata, contain but very few micro- 
organisms. Now since such underground Waters have at some j 
lime or other been surface waters, it is obvious that in passing ' 
through the porous strata of (he earth they have been deprived | 
of those microbes which they contained whilst at the surface. 
This removal of micro-organ isms from water'-* aho takes place in , 
a very marked manner when it is submitted to some kinds of 
artificial filtration, such as that through very finely divided coke 
or charcoal, as well as in the filtration of water on the large scale 
through sand. The process of filtration, however, which abso- 
lutely removes microbes with the greatest degree of certainty is 
that introduced by Pasteur, in which the water is forced through 
porous porcelain. It is especially noticeable that the efficiency 
exhibited by these various materials in removing micro-organisms 
stands in no sort of relatlbnsliip to their chemical activity, i./. 
power of removing organic matter from water. Thus the porous 
porcelain produces protlically no change whatever in the 
chemical composition of the water, whilst it deprives it entirely of 
micro-organisms. 

The relative abundance of bacterial life in surface water, in 
deep well water, om well aa in surface water after filtration 
through sand on the large well illustrated by the following 

results. 

Thus the average number of micro-organisms obtained during 
the post year from a cubic centimetre (about twenty drOmi) of the 
raw water as abstracted from the Rivers Tlvames a m l^a by 
the, metropolitan water companies was 21,500 and 15,200 re- 
spectively. The same water, however, after having undergone 
Storage and filtratioa ccmiamed on an average respectively 500 
and 450 micro-organisms in 1 cubic centimetre. It is at once 
apparent, thcrefbre,. what striking results can be obtained by 
sand filtration as at present carried out, and there is no doubt 
that with the introductian of fresh itnprovementB and increased 
care an even greater reduction will be efiectcdl 

In deep well watar obCajUied from the chalk, which has under- 
gone no artificial fittrotlaltt, w«^ the removably low nunber 
of eighteen as the avto^ for the jear. 'thus the artificial fUtrar 
tioa through sand » mr sufpasm by the exhaustive filtration 
dwoffgh vast thicknesjsei of porous strata. 

Another point which jl^ ,i>e«n brou^t to l(^t thr -»n£h investi- 
gating* the micro-oTgaraim of the improved 

nwfthoda which we sww possess la that many of mferobes 
found In natural wabtrs kre Of % inost abtmdhnt mtiltl- 

pllcktl6tt» in the nWMfWifr Otgank matter 


whatever. Thas, If the deep well water referred to above ta 
preserved for several days thoroughly protected from contamina^ 
tion through the air, and is then examined for micro-or^nisms, 
it will be found that these have undergone an enormous increase, 

1 cubic centimetre containing many thousands instead of the 
ten or twenty usually present in the water at the time of pumping. 
It has been found, moreover, that some of the water-organisma 
are even capable of such abundant multiplication in water which 
has been several times redistilled, and which is, therefore, almost 
absolutely pure. From what .source such organisms obtain their 
necessary nourishment under these circumstances has not yet 
been determined. The following figxires serve to illustrate the 
extent to which multiplication of this kind may take place : — 

Number of ASiciO'Or^anisfns obtained from i cuHt centiifufte 
of water. 


Sample of wnter from 
K«ni Co 'ideep w«li 
ill ciialk 


Day of Collection. Standing ^day Standing 


405,000 




Rpy. $0 


It U often urged that the bacteriological examination of water 
is of little practical importance, inasmuch as the micro organisms 
found are not necessarily prejudicial to health, and that the 
method of examination docs not aim at the detection of harmful 
forms, A little more mature consideration, however, will show 
that the actual detection of harmful or j>athogenic forms is a 
matter of very little importance, and that if methods of water- 
purification are successful in removing micro-organisms in general, 
and more especially those which find a suitable home in natural 
waters, there can he no serious doiibt that they will* be equally 
successful in removing ha mful forms, which are not specially 
adapted for life in water. Could ii be, f r instance, reasonably 
contested that a method of purification which is capable of 
removing the J^ad/ins a^uati/is from water, would be incapable 
of disposing of the Bacillus authraeis when suspended in the 
same medium ? The supposition is, on the face of it, absurd, 
and not a particle of experimental evidence can l>c adduced in 
its favour. It is, therefore only rational to conclude that those 
methods of water purification, both natural and anificial, which 
succeed in most reducing the total number of micro-oiganisms, 
will also succeed in most reilucing the number of harmful forms 
should they be present. 

As a matter of fact, however, pathogenic forms can and have 
been discovered in waters by the process of plate- cultivation 
thus the comma- bacillus,'' which is by many authorities re- 
garded as the cause of Asiatic cholera, was found by Koch in 
some tank- water in India, and the bacillus which with more ov 
less probability is identified with typhoid fever has by Chante- 
raesseand Widal been discovered in the drinking-water which* 
had beea consumed by persons sufiering from that disease. 

On the other hand, the examination of water for the number of 
micro-otganisms present can have no value if the multiplication 
referred to above has taken place. Thus, if the number of 
mkro-organifims present iu a water is to throw light on the 
natural purification it has undergone, Xha sample for exaninatioiv 
must be taken as near as possible to the point where it issues 
from the watec-lsearing stratum, and, in the case of artificially 
purified water, as soon as possible after it has left the purifying 
apparatus. 

Of much naore importance than the dUcove^ of pathogenic 
organisms Inparlicular waters is the problem of ascertaining the 
fate of patho^nic forms, when these are introduced into wateta 
of dlfierent kinds. A cotisidtttable aDoouiU of work has beets 
doneltti thia direction with a number of typical pathogenic foptos^^ 
and some very remarkable r^uUs hare wen obtained. Thua it 
haa beetti found that the bacilli of authxax do not survive manw 
hour* on being introduced into ordinary drinking-water ; theu 
spores^ however,, are not in any way afiected by such immosion,. 
am even in di^illed water the latter retain their vitality for 
pmctically an indefinite fontth of time. In poUiaed water, sodt 
aS' scSnager om the other Tiand, not only do the bacilli not 
saeeuiiibi. but (hey undergo extensive multiplication. Similarif 
KochV ** comm-beoUlus’^ was found te fiourisb in sewage, 
hsiitf atiUf pineent in very large numbm after eleven monwa^ 
resideace! in thb* mediutyu Ih deep-w^ and filtered Thnoict 
watm^Mi the othi^ band, although the ** conMna-boeiUi " were 
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gtill demonstrable after nine days» they were only present in 
sznall numbers. Much less vitality is exhibited by the micro- 
coccus of erysipelas when introduced into waters of various 
kinds, for even in sewage this ot^ranism was not demonstrable 
on the fifth day. In fact, all the pathogenic micrococci which have 
been experimented with in this manner exhibit but little vitality 
under simitar circumstances. 

From these experiments it appears, therefore, that whilst 
ordinary drinking-water does not form a suitable medium for the 
extensive growth and multiplication of those pathogenic forms 
which have hitherto been made the subject of investigation in 
this respect, yet, that in the condition of spores, they are 
extremely permanent in any kind of water, however pure, and 
that even those of which no spores are known may often be 
preserved for days or even weeks. 

Thus the investigations which have hitherto been made on the 
micro-organisms both of air and water, by the light which they 
throw on the behaviour of micro organisms in general in these 
media, the manner in which they may be preserved and the 
manner in which they may be removed, are of great service in 
indicating how the spread of zymotic diseases through these 
media is to be avoided. 

Until we are fully aettuainted with all pathogenic forms of 
microbes, a consummation which is certainly not likely to be 
attained in the near future, it is obvious that in endeavouring to 
exclude dangerous organisms we must attempt to exclude a// 
organisms, Af. in the purification of water which has been 
exposed to possibly noxious pollution, that process of puri- 
fication which insures the reinoval or destruction of the greatest 
proportion of micro "organis'tn's must he regarded as the most 
efficient. In just the same way as in the antiseptic treatment 
of wounds, the preventive measures employed by surgeons are 
of such a nature as to destroy or preclude the possibility of 
growth of arty microbes whatever, and not only of those known 
to be capable of causing mischief, 

Percy F. Frankland. 


r//E oPEmm of the marine biological 

LA BORA TOR Y AT PL YMOUTH 

'^IlE Laboratory erected at Plymouth by the Marine Biological 
Association of the United Kingdom, of which a full 
account was given last week in Nature, was opened on Satur- 
day, Tune 30. l*hc weather was fine, and at ten o'clock a large 
and distinguished company were present. Having viewed the 
tanks, the company assembled in the Laboratoiy, where Prof. 
W. H. Flower, C.B., F.R. S., Director of the Natural History 
Department of the British Museum, delivered an address, in the 
course of which he said : — “ The necessity for such institutions as 
this has been felt almost simultaneously throughout the cultivated 
nations of the world. The British Isles, with their extensive 
and varied seaboard, offering marvellous facilities for the inves- 
tigation of marine life, with their vast economical interests in the 
denizens of the waters that lave their shores, have been rather 
behind some other countries in adopting this line of research. 
Let us hope, however, that being so, we may profit by example 
and the experience of others, and ultimately, as in so many 
other similar coses, may outstrip our neijghbours in a department 
of work for which our maritime and insular position seems so 
specially to fit us. That our country should be alone in neglect- 
ing this branch of scientific inquiry was impossible. Stations 
for the investigation of the phenomena of marine life have been 
founded at several places on the northern coasts of our island, 
but all on a very limited scale. An institution commensurate 
with the importance of the subject and of the notion had to be 
established sooner or later ; the only questions to be solved 
were when it was to be founded and where it was to be placed. 
Much of the success of on enterprise must depend upon the 
particular time selected for embarking upon it. If delayed too 
long, the world is a loser by the non-existence of the knowledge 
that Is to be gained from it. On the other hand, premature 
attempts before sufficient interest in the subject is awakened, or 
before sufficient information os to the best means of carrying it 
out has been gained, often end in failure. I think that in this 
respe^ we have taken the right medium.” After a reference to 
the Fisheries Exhibition, Prof Flower continued: — “The question 
as to the place at which our head»q^rters were to be established 
was at first one of considerable difficulty. Many were the rival 
claimants, but Plymouth was finally chosen as beet approaching 


the requisite phvftical and geographical surroiindiiK|e forliaeh an 
instituuon ; and the cordSUty with which the A^PciaMon wa» 
welcomed bv its leading citizens was in itself a groand of 
justification for the choice, Thoiigh a portkm of the old mtUtaiy 
defences of the town has been given up to our peaceful enterpriaft^ 
we trust the safety of the inhabitants will not sufier. The 
Laboratory now stands beneath the Plymouth Citadel and the 
sea, and an enemy entering the town by the most direct route 
would have to march over the ruins of the building. That 
consideration alone should be enough to secure your safety 
in a war with many of the enlightened science-loving nations 
of Europe, should such an event unhappily arise. As to the 
institution itself, few words are needed to show how excellent is 
its adaptation to the purpose for which it is founded. Although 
still not in all respects in full working order, we have been all 
enabled to see to-day how carefully it has been planned, and 
how well the design has been carried out, We have secured a 
capable and energetic working staff, students are already taking 
their places at our laboratory tables, and already a commence^ 
ment nas been made in their original investigations and contri- 
butions to knowledge, which we hope will be of such a character 
and of such abundance os to give this Laboratory a high place 
among the scientific institutions of the world. Our present 
financial position and our future needs are fully set forth in the 
report of the Council, just issued. This shows that of our capital 
already subscribed the greater part has been expended on the 
building and the necessary apparatus for its equipment. We still 
want a steam-vessel for the use of the staff in exploring the fish- 
ing grounds of the neighbourhood and for collecting materials to 
stock our tanks ; and for Che means of providing this, and for the 
annual maintenance of our establishment in a state of efficiency, we 
shall require further pecuniary assistance. But as the report is, 
or shortly will be in your hands, I need not detain you longer 
by enlarging upon its contents. I will therefore, in the name of 
the President and Council of the Marine Biological Association 
of the United Kingdom, thank all those who have, by their 
generous contribution of money or by expenditure of their time# 
labour, and thought, brought us so far on our way, and declare 
the Laboratory of the Association open for work. May we all 
join in the earnest hope that the expectations which have been 
raised of its future usefulness may never be disappointed.” 

The company, after being photographed, adjourned to the 
Grand Hotel -on the lioe, where they sat down to a dijeAmr 
given by the Fishmongers’ Company, Sir James Lawrence, Prime 
Warden of the Fishmongers' Company, presided, and was sup* 
ported by the Earl of Morley, Prof. Flower, Sir H. W. Acland, 
K.C.B., F.R.S, the Mayor of Plymouth (Mr. H. J. Waring), 
the Mayor of Devonport (Mr, J. W. W. Ryder), the Chairman 
of the Stonehouse Local Board (Mr. E, A. Lyons), Prof. E. Ray 
Lankester, LL.D., F.R.S., Sir Edwin Saunders, Sir Geoige 
Paget, K.C,B., F.R.S,, the Ven. Archdeacon Wilkinson, Prof, 
A. Milnes Marshall, F.R.S., Prof. Charles Stewart, Mr. J. 
Evans, P.S.A., F.R.S., Captain Wharton, R.N., F.R.S., the 
Vice-Chancellor of Cambridge, Sir Edward Watkin, M.P., Prof* 
J. W. Groves, Rear-Admiral H. D. Grant, C.B., Major- 
General T. C. Lyons, C.B., Mr. Thiaelton Dyer, C.M.G., 
F.R.S., Mr. A. Sedgwick, F.R.S., Mr. W. Pengelly, F.R.S,, 
Mr, F. Crisp, F.R.S., Colonel Hewet, •R.E., Rev. J. Hall 
Parlby, Dr, A. Gunther, F.R.S., Major-General Barton, R.E,, 
Captain inskep, R.M., Mr. Robert Bayly, Prof. F. Jeffery Bell, 
Prof. D'ArCT Thompson, Prof, G. B. Howes, Mr. C. Spenee 
Bate, F.R.S., Prof. M. Foster, Mr. W. Lant Carpenter, Mr. E. 
W. N, Holdsworth, Mr. E. L, Beckwith, Fishmongers’ Com» 
pany, Mr. Gilbert C. Bourne, and Mr. J, Solly Foster and 
Mr. tcdiD Hall, Wardens, Fishmongers’ Company, 

Tne health of “The Queen” naving been given by the 
Chairman, Lord Morley proposed “ The Marine Biological 
Association of the Unitea Kingdom.” He said he was sure that 
his friends the Mayors of Plymouth and Devonport would join 
with him in wishing a hearty welcome to the AssMiation, and In 
sincerely hoping tlmt the Laboratonr would prove a success. Any 
doubt as to the practical value of the Laboratory was dissipated 
by the fact that the Chairman was one of its main founders, and 
aiM that many well-known gentlemen, incltidlng the C^irman 
of the National Association at Kensington and Kew, andcipatyd 
good results thet^rom. Since there was such a coasensus firf 
omm<m as to the importance of the schema from a practical and 
^entific point of idew, the thing which surpHsod him was 
k was not done before. We reaped the liohest fltom idle 

sea, and yet we had never inqui^sdentificatty intT^ tontoe 
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oC thii sr€ 4 kt indtuti y. We had lagged behind other nations in 
thin temoct. France had no lets than four institutions of a 
stollar kind ; Austria, with its small coast, had one at Trieste \ 
and the Oeman Government endowed their Laboratory at 
Naples, which was the most complete in existence, with ^^1500 
a year. From certain statistics recently mven to Parliament by 
the Board of Trade, they learned that the production of fish in 
the United Kingdom of Great Britain and Ireland last year 
amounted in value to six and a quarter millions, and if they took 
the retail value and not the wholesale value, as put in the 
statist!^ it would amount to not less than thirteen millions per 
year. The east coast was by far the most fruitful of all our 
coasts as regards the filing industry, Grimsby, Hull, Lowestoft, 
and Yarmouth producing 42* 800,000 worth of fish. Plymouth 
with its ^£'96,000 worth of Bsh per year, Brixham with its 
>^56,000, and Penzance with its 44 Looo, gave some idea of what 
the sea produced in the shape of food. Comparing these figures 
wUh other countries, it would be found that Canada did not 
produce four millions worth of fish, and France even less. Then 
they ought to consider the immense amount of traffic our fishing 
industiy gave to our railways. From Plymouth alone there were 
sent on tAO lines of railway 50,000 tons of fish annually. 
It seemed to him an extraordinary thing that so many years 
should have elapsed before scientific methods were adopted 
for learning the conditions under which fish live. If they 
read the iDterestit^ Keporis of the Trawling and Fishing Com- 
mission, they would be suiprised at the ignorance of fishermen ns 
to the habits of fish, ihcir modes of existence, their food, and 
the climatic and other effects which influenced their existence 
and modes of living, and he was afraid that ignorance was not 
confined to fishermen. The great want was, he hoped, about to 
be supplied in the establishment of this Laboratory. In heartily 
wishing success to the Marine Biological Association of the 
United Kingdom, he had the greatest possible pleasure in 
coaling with it the name of Prof. Ray Lankester. 

Prof. Kay Lankester said it was with feelings of pride that he 
rose to return thanks, it was the great Fisheries Exhibition 
which su^ested the movement for the formation of a laboratory 
where fisn^y studies could be carried on. The idea they had in 
view at that time, or rather the institution existing elsewhere 
which they wished to copy, was that established by Dr. Dohrn 
at Naples, with which they were all familiar. The question was. 
How could such a laboratory be put up on the British coast ? And 
it was to his friend Dr. Giintlicr, of the British Museuih, that they 
owed the suggestion of the formation of an Association. It was to 
the officers of the Royal Society that they owed the opportunity 
starting the Association. A meeting was called in the rooms 
of that Society, and presided over by the illustrious President of 
the great scientific institution, which was also the first public 
body to support the funds of the Association with a large and 
handsome subscription, and was very largely attended bv men of 
science and gentlemen interested in fisheries, while the late Earl 
of Dalhousic, one of their most ardent supporters, the Duke of 
Atgyll, and other public men took part in it. The newspaper 
Press had all along helped them in a most admirable and cheer- 
ing manner. The Tirms had been their warmest friend, and he 
hoped it would continue to be so for years to come. No sooner 
had the first start been made at the meeting in the rooms of the 
Royal Society and the subscription list put forward than many 
other big societies came in and individuals throughout the 
country put down their money, as did also the Universities of 
Oxford and Cambridge. Subscriptions had been received from 
p}xtely scientific bodies and individuals to the amount of 
and irom various sources a total sum of £ 16,000 to £i‘j,ooo had 
been obtained, llie most important item of support given to 
the Association was the grunt Irom Her Miqesty’s Government of 
;f500O and /"soo a year. The remaining /'to, 000 they owed 
to the g^at civic Companies and to munificent individuals, 
amoitg whom he must not omit to mention with hearty gratitude 
their friends Mr. John Bayiey and Mr. Robert Bayley, of 
pWmouth. No sooner had the enterprise been %et on foot than 
His Royhl Highness the prince of Wales expressed his desire tq 
become the patron of the institution, and support came in ftom 
evonr ride. Tbe Inspector- General of Fortifications and the Earl 
of Morley wett Instrumental -^-weit. In fact the actual causes of 
thrir veeriving the grant of the splendid rite on which the 
trilby hiri erected ; and the co-operatioa and consent of 
t|u;f ririis Counctl of Plymouth, who bad certain rights over the 
dheerfuUy gmn. They had now arrived at a definite 


stage in their work : the building was completed, the laboratory 
was equipped, the naturalists were on the spot, and they had 
thus, os he had said, accomplished what he considered to be the 
first step in the work of the Association. But it was only the 
first step. Beyond thp mere existence of the laboratory build- 
ing, they had still to justify themselves in the eyes of their sup- 
porters by the work that was done within it. He thought 
they might rely upon the staff they had been fortunate enough 
to obtain. He had the greatest confidence in the work tlmt 
would be done in the institution, and in the direction which 
would be given to that work by his friend Mr. Gilbert Bourne, 
assisted by the experience of his friend Mr. j. T. Cunningham, 
who had come to them fresh from his work in Scotland, and stu- 
dents of all ages. He would mention once more a subject which 
bad been already alluded to. They wanted a yacht of their own 
— not a pleasure -yacht, but a steam sea-going vessel which 
could accompany the trawlers on their expeditions, and should 
l)e a thoroughly seaworthy boat. He hoped that those who were 
I able to place additional funds at their disposal, and who hod 
been pleased and gratified with the way in which they had ex- 
pended the money already intrusted to them, would not delay to 
add to the resources of the Association so as to enable them to 
purchase this steamer. 

The Prime Warden then proposed “ Prosperity to Plymouth,” 
and the Mayor of Plymouth replied. 

Sir George Paget, K.C.B., proposed the health of the Prime 
Warden, who responded, and three cheers having been given for 
the Fishmongers* Company, the guests dispersed. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Cambridge.— The following have been placed in the first class 
in the Natural Sciences Tripos, Part I. (the names are in 
alphabetical order) ; — Baily, Joh. ; Daniel, Trin. ; Falkener, 
Klng^s ; Hankin, Job. ; Horton-Smith, Joh. ; Jones, King’s ; 
R. Langdon-Down, Trin. ; Locke, Joh, ; Long, Caius ; Morrell, 
Caius ; Newstead, Christas ; Perkins, Emman. ; Phear, Trin. ; 
Schott, Trin. ; H. Simpson, Joh. ; H. Smith, Trin. j W. A. L. 
Smith, Trin, ; Thornton, B.A,, Christ’s; Whetham, Trin. j G. 
Wilkinson, jun., Kmman. 

Women . — Class I. — L. Ackroyd, Newnham ; D. Alford, 
Girton ; A. G. Earp, Newnham ; L. R. Howell, Girton ; M, 
Kennedy, Girton. 

The following have been placed in the first class in the 
Natural Sciences Tripos, Part ll. : — Ds. Anderson, Caius (phy- 
siology) ; Barber, Christ’s (botany) jDs. D’Arcy, Caius (physics) ; 
Ds. Francis, King'.s (human anat. and physiology) ; Fry, Kin^s 
(botany) ; Hardy, Caius (zoology) ; liutcnmsoa, Christ’s 
(chemistry) ; E. K. Saunders, Newnham (physiology), 

Mr. A. C. Seward, B.A., Scholar of St, John’s College, has 
been elected Harkness Scholar in geology and palaeontology. 

Mr. W, W. Walts, M. A., has been elected to a Fellowship at 
Sidney- Sussex College. Mr. Watts graduated in the Natural 
Sciences Tripos, i88i, and was placed in the first class for 
proficiency in geology. 

At Downing College the following have been elected to minor 
Scholarships of ;^5o each open to the competition of persons not 
yet in residence : H, Brownsword, for physics, Manchester 
Grammar School ; C. Swift, for chemistry, University Collie, 
Liverpool ; and H. Widdicombe, private tuition, for botany. 
G. Dodson has been elected Foundation Scholar for Natural 
Science, 

At Christ's College the following undergraduates have been 
elected to Natural Science Scholarships : A. H. L. Newstead, 
460 ; C. Krishnau, £$o ; R. H. Luce, £30 ; H. M. Stewart, 
230 ‘ 

At King's College, R. C. Fry has been elected Natural Science 
Scholar, and G. L. Rolleston to an Exhibition of 44 ^* L. 
Falkener to 43 ®- 

At Gonville and Caius College, H. B. Brunner, Berkhamp- 
stead School, has been elected to an Entrance Scholarship of 45 ^ 
for natural science. 

The following Natural Science Scholars have been elected at 


St. John’s College : H. Simpson, Hankin, Horton-Smith, Locke, 
Bnlfy, Blackman, Schtniti Turpin, B.A,, has been elected 
Hutchinson Student for organic chemistry. 
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SCIENTIFIC SERIALS. 

't'HK Journal ij Botany continues, in its numbers for April, 
May, and June, Mr. T, G, Baker’s Synopsis of the Tillandsiwe, 
•Kud MM. Britten and Boulger’s valuable biographical index of 
British and Irish botanids (deceased).— Students of diatoms 
vrill be interested in Mr. J. Rattray’s paper on AHlacoduem^ in 
which the many and singular abnormal’ ties of this genus of 
fossil diatoms arc described and illustrated by a plate. —Mr. G. 
Massee contributes a revision of the genus Bovista^yn which 
eeveral new species of this genus of Fungi are <lescribed, also 
illustrated by a plate.— We have also biographies of Prof. Asa 
•Gray, and Mr, John Smith, of Kew (the portrait of the 
^mer is not a pleasing one), and several papers on local or 
descriptive botany. 

In the Botanical Gazette for February, March, and April, we 
have no important papers of original research or o^sei*vation such 
as sometimes reach us in this record of the doings of botanists in 
the Far West (published at Crawfordsville, Indiana). The 
original papers in these numbers relate almost entirely to the 
distribution of plants in the Western States of America, and to 
the description of American species. 

Tifk number of the Niiovo Giornale Botanico Italiano for 
April contains the conclusion of Prof. A N. Berlcse’s mono- 
graph of the genera of Fungi Phospora^ Clathrosporat and 
Pyrenophorat with the ten coloured plates which serve to 
illustrate the whole paper ; and a description by Sig. C. Massa- 
longo of a number of instances of teratology, chiefly relating to 
the flower. It serves further as the medium of publication of 
the proceedings of the Italian Botanical Society, reports being 
appended of a number of smaller contributions in various 
departments of botany. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 21. — ^‘Muscular Movements in Man, 
and their Evolution in the Infant : a Study of Movement in 
Man, and its Evolution, together with Inferences as to the Pro- 
^rties of Nerve-centres and their Modes of Action in expressing 
bought.” By Francis Warner, M.D., F.R.C.P., Physician to 
the London Hospital, and Lecturer on Botany in the London 
Hospital Medical College. Communicated by Prof. J. 
Hutchinson, F.H.S, 

Before proceeding to give an account of the visible evolution 
of voluntary movement in man, it is necessary to define the 
different classes of movements seen, indicating the critcrin by 
which the observer msy be guided in the examples before him. 

The new-born infant presents constant movement in all its 
parts while it is awake, and this is not controlled by impressions 
from without. Graphic tracings of such movements are given 
This spontaneous movement in the infant appears to be of great 
physiological importance, and is here termed "microkinesis.*’ 
It IS argued that the mode of brain action which produces micro- 
kinesis is analogous to the action producing spontaneous 
movements in all young animals, and to the moaes of cell- 

f rowth which produce circum nutation in young seedling plants, 
t is argued that as circumnutation becomes modiflecl by external 
forew to the modes of movement termed heliotropism, geo- 
tropism, &c , so microkinesis in the infant is replaced by the 
more complicated modes of brain action as evolution proceeds. 
The conditions of movement are then described, as seen at 
successive stages of development of the child, and it is shown 
that they become less spontaneous, and more under control of 
stimuli acting upon the child from without, while the phenomena 
termed memory and imitation are evolved. 

From observations made, two hypotheses are put forward. It 
is suggested that when a well co-t^inated movement follows a 
slight stimulus, the impression produces temporary unions 
among the centres, preparing them for the special combinations 
and series of actions which are seen to follow. Such unions 
among nerve-centres appear to be formed when a period of 
cerebral inhibition, produced by a word of command, b seen to 
be followed by a co-ordinated series qf acts, A graphic tracing 
indicating suspension of microkinesis to the stimoHis ofmght 
and sound is given. It is further suggested that the brain amon 
ooiresponding to thought is the formation of ittnoUonal anions 
among cells, whose outcome is seen in the moveamnts which 
wpress the thoi^ht, or Its physical represenUtion. Frnpertles 
Similar to those described in brain-centres may be illostrated in 
inodes of growth. 


Evaporation and Dlsmuroa. PartVlII. 

Thermal Properties of Propyl Alcohol.** By William Bamai^i 
Ph.D., F.R.S., and Sydney Vouag, D« 5 c. 

In continuatioD of our Inaeatigatim of thermal propeildm 
pure liquids, we have now determinad the vapour- ptMCnm^ 
vapour-densities, and expansion in the liquid and gaseous sSiwtm 
cf propyl alcohol, and from these results we have calculaind thd 
heats of vaporieation at definite temperatures, The oompreMl- 
bility of the liquid has also been measured. The fange of 
temperature is from 5° to ftSo” C., and the range of pmsme 
from 5 mm. to 56,030 mm. 

The memrar contains an account of the purificatfon of ihe 
propyl alcohol ; determinations of its specific gnudty at and 
at 10'’ 7a ; and of the constants mentioned above* 

The approximate critical temperature of propyl aloehol U 
; the approximate critioal pressure is 3S, tno mm,, imd 
the approxhuEdie volume of i gramme is 3^6 c.c. The Sint tmo 
of these constants must be very nearly correct ; the third cannot 
be determined with the same degree of precision. 

The memoir is accompanied by plates, showing the relatlcais 
of volume, temperature, and pressure in a graphic form. 

Royal Meteorological Society, Tunc 20. —Dr. W, Marcet. 
F.R.S., President, in the chair. — ^The following papers were 
read : — First Report of the Thunderstorm Committee. This Re- 
port deals with tnc photographs of lightning-flashes, some sixty 
in number, which have been received by the Society. From the 
evidence now obtained it appears that lightning assumes various 
typical forms, under conditions which are at present unknown. 
The Committee consider that the lightning- flashes may be 
arranged under the following types : (i) stream, (2) vinuous, (J) 
ramified, (4) meandering, (5) beaded or chapletted, and (6) 
ribbon lightning. In one of the photographs there is a dark 
flash of the same character as the bright flashes, but the Com* 
mittee defer offering any explanation of the same until they g6t 
further examples of dark flakes. As the thunderstorm season 
is now coming on, the Committee propose to publish their 
Report at once, along with some reproductions of the photografihs 
by the autotype process, in order that observers may 
pared to notice the various forms of lightning. — The cold period 
from September 18S7 to May 1888, by Mr. C. Harding. The 
mean temperature for each of the nine months from^ Stiplem- 
ber 18S7 to May 1888 was below the average, whilst In the case 
of October there has been no corresponding month as cold 
during the last half century, and only three colder Aprils. In 
London the mean temperature for the period was only 42* and 
there has been no similarly low mean for the corresponding 
period since 1854-55, which will be remembered as the time of the 
Crimean War, and only three equally cold periods duriog the 
la t 50 years. The temperature of the soil at Greenwich at 2 
feet below the surface was below the average in each rnonm 
from October to April ; in October and April the temperature at 
this depth was the coldest on record, observations being avfril- 
able for the last 42 years, and in November it was the-coldfsit 
for 37 years. — Observations on cloud movements near the 
equator ; and on the general character of the weather in the 
** Doldrums,’* by Hon. R. Abcrcromby. The author gives the 
results of observations made during four voyages across the 
equator and the "Doldrums,** wirh special reTeronce to the 
motion of clouds at various levels. Two voyages were aerots 
the Indian Ocean during the season of the north-west momooHi 
and two across the Atlantic in the months of July and DecemW. 
The nature of the general circulation of the atmosphere near the 
" Doldrums ** is dlscnssed as regards the theory that the IVadtelt 
after meeting, rise and fall back on themselves ; or, acoordln^tb 
the suggestion of Maury, that the Trades interlace and croe* 
equator ; or, as following the analogy of Dr. Vettin’s experimenda 
on smoke. It is ^own that the materials at present avsiitliriik 
are insulhcient to form a dehnite conclusion, but detgQs ^ 
given of the general character of the weather and of the smiiills 
in the "Dcfldnims," wUh a view of ahowiitg what kind 
observations are r^ulred to solve thU important problem* The 
old idea of a deep Trade— with a high opposite current ilowteg 
overhead— is cerkiiiW erroneous j (Sr there is always a tttMW 
vcrricaj succemloa of the upp6r cuireots os we aeceno, wommShR 
to the hemUtmere. 

^Qoloi^eel Sofiiety, June 19.— Flower, 

President, in the chair,— A letter was read addrem^d 
by Dt Rmin Pasha, dated Tungnm I 4 aisd 
Al^rlk October 31^ 1887, mnnouncitig thedespatoh m lllrilm 
collections of natural history object^ and promising for the 
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iiot«9 «D Karot^ean migratory birds observed in 
iImU extract was read from a letter addreued by 

m. It tr Laywd to Mr. John Ponsonby conceroing theocear*^ 
ra^ol# Avast Indian Laod* shell ocima) in New 

(SlMbft^*-Mr. Tegetmeier exhiinted and nude remarks on 
fMrt of an Anstralian Rabbit, supposed to have acquired 
habits. -^Fn>f. Bell exhibited and made remarlcs on a 
ftpttotoMt'nf a ttvbe*forming Actonlao {Cerumihut numbran- 
in its tube ; obtained hy Mr, John Murray at a depth of 
^ Ih^ttis in L^i Ktive. — A communication was read from 
Prof W. Newton Parker, on the poison-glands of the 6shet of 
the genus Thukinus, This paper showed the existence of 
glmm in connection with the grooved dorsal and opercular 
Bfines of the two British species of Weever. The glands were 
stated to be cofni)Osed of large granular nucleated cells, which 
an eohtlfiuous with those of the epidermis. An account of the 
dbserrations of previous auihoi's, both os regards the structure 
attd ph^ntiology of the |x>ison-organs of these fishes, was also 
risen. —A communication was read from Mr. H. W. Bates, 
F.RtB., containing the description of a collection of Coleoplera 
made by Mr. J. H. Leech, during a recent visit to the eastern 
side of the Corcan Peninsula. — A second communication from 
Mr. Bates treated of some new species of Coleoptera of the 
huniHes Cicindelidm and Carabidac from the valley of the Yang- 
tsse-Kiang, China.— Mr. J. B. Sutton read a paper on some 
abnonnahties occurring among animals recently living in the 
Society's Gardens. — Prof. Bell read an account of a collection 
of Eebinoderms made at Tuticorin, Madras, by Mr. Edgar 
Thiuvton, Superintendent of the Government Central Museum, 
communication was read from Mr. F. Moore, con- 
taining the second portion of a list of the Lenidoptera collected 
by the Kev, T. H. PTocking, chiefly in the Kangra District of 
the North-Western Himalayas. The present paper contained 
the descriptions of seven now genera and of forty-eight new 
species. An account of the transformati ms of a number of these 
Species was also given from Mr. Hocking’s notes. 


G^logioat Society, June ao. — Dr. W. T. Blanford, F.R.S., 
President, iu the chair. '•The following communications were 
read On the occurrence of marine fossils in the Coal-measures 


of Fife, by Jas. W, Kirk by ; commuoicale<i by Prof. T. Rupert 
Jones, F.R.S. — Directions of ice-flovr in the North of Ireland, 
as determined by the observations of the Geological Survey, by 
J. R. Kilroe ; communicated hy Prof. E, Hull, F.R.S. — 
Evidence of ice-action in Carboniferous times, by John Spencer. 
^The Greensand l>ed at the base of the Thanet sand, by Miss 
Margaret I. Gardiner, Bathurst Student, Newnham College, 
Cambridge ; communicated by J, T. H. Teall. — On the occur- 
rence 01 Eiepkas meridwNahs at Dcwlish, Dorset, by the Rev. 
0 . Fisher. — On perlitic felsices, probably of Arcbaan age, from 
the flanks of the Ilercfordshire Beacon, and on the possiWc origin 
of some epidosites, by Frank Rutley. The author has previously 
described a rock from this locality in which faint indications of a 
petli^ structure were discernible. In the present paper 
additional instances uerc enumcraletl and a description was 
glmen. The ^litic struct nre difficult to recognise, owing to 
subsequent alteration of the rock. Decomposition-products, 
apparently chiefly epidote, with possibly a little kaolin, have 
fouira in great part within the minute fissures and j^rlitic 
cra^. The author suggested, from his observations, that 
feUites, resulting from the devitrification of obsidian, quartc- 
apUtes, S:c., may, W the decomposition of the felspatbic 
constilnentl, pass, in the first instance, into rocks composed 
essentially of Quarts and kaolin ; and that by subsequent idtera- 
tlott of the kaolin by the action of water charged with bicarbon- 
ate of lime end more or less carbonate of iron in solution, these 
may eventually be converted into epidosites. He rwarded it 
0^ probable that the rocks are of later Archman or Cambrian 
The ejected blocks of Monte Somma, Part I,, stratified 
Ittttslenes, by Dr, H. J. Johnston- t^vis. 


PaHia^tographicat Society, June as.— Annual Meeting. 
Woodward, F.R.S., Vice-Pre8tdent» in ‘'the chair^— 
iSf of the Council, present^ by the SacreUry, Prol^ 

Witoihire, stated that since the d^e of the last aiusnal meeting 
w YOhtmf for iflSy had been isstted» and thet the votuose for 
year was in progress. It would outtaka the fi^Uswing 
^ Siromat^ioids, Part IL* PfoC 
M NIchoiaoii ; the Cretaoeons EohinodortiMUw Fart X** hy 
y* Slaoen ; the Jurassic Gartenmda^ PartllLf ^ Mr. 

f ^ Wertev Oolite AmmoAtes, tdrt XLrby 



Mr. S. S. Buckman. It was stated that the arrangement by 
wbidh members had been enabled to procure parts of finished 
monograplM as well as the complete monographs^ di&tinrt fmm 
the anwuel volomes,^ had been found to work very efficiei^y. 
It was further stated that the financial position of the Society 
was mudi better than on the previous occasion. This was due 
in port to a grant of;^5o made by the General Committee of Che 
Eutish) Association at the Manchester meeting, and in pait to 
the very considerable increase in the number of subscribers, 
which had resulted from the efforts made during the past ancl 
preceding year to bring before geologists, paleontologists, and 
all irUercsted in science, the work which was carried on by the 
Society. If the present improvement could l>e maintained, 
there need be no fealrs for the future. '-Sir R. Owen was re* 
eltfcted President ; Mr. Etheridge, I'rcasurer; and Prof. Wiltshire 
Secretary. Messrs. W. £. Ralston, C. J. A. Meyer, G. H. 
Morton, and W. P. Sladen were elected membeis of the Council,, 
in the place of Messrs. S. S. Buckman, J. Evans, C. H. Gatty, 
and W. C. Lucy, who retire by rotation, 

Paris. 

Academy of Sciences, June 25. — M. Janssen, President, in 
the chair. — On the canals of the planet Mars, by M. Fizeau. 
The various circumstances connected with these appearances, as 
lately described by MM. Perrolin and SchiapareHi, suggest a 
sU'ong analogy with certain phenomena of glaciation — parallel 
ridges, crevasses, rectilinear fissures often of great length and at 
various angles— observed in the regions of large ^aciers in 
Switzerland and especially in Greenland. This leads to the 
hypothesis of a vast development of p[laciation on the surface of 
Mar-, where, the seasons being relatively longer and the tem^* 
perature much lower, the conditions must also be more favour- 
able than on the carih for the^e manifestations. The reading of 
the paper was followed by some remarks by M. J. Janssen, who 
gave a guarded assent to M. Fizeau’ s “ very ingenious and very 
beautiful ** theory — On the vapour-density of the chloride of 
aluminium, and on the molecular weight of this body, by MM 
C. P*riede! and J. M. Crafts. The recent experiments of MM. 
Nilson and Peltersson tended to show that this substance should 
receive the formula AlCIa rather than the double formula AljClg 
proposed by MM, Sainie-Cl.iire and Troost. I'he fresh researches 
of MM. Friedel and Crafts, undertaken to settle the point, lead 
to the conclusion that the density corresponds to AlgCle, which 
would accordingly represent the m ^Iccidar weight of the chloride 
of aluminium. The experiments of MM. Louise and Roux on 
methyl and ethyl aluminium are in harmony with this inference. — 
Progress of the Roscoflf and Aragu Laboratories, hy M. dc Lacaze- 
Dutniens, Both of these important biological stations have lately 
been inspected by the author, who is able to speak most favourably 
of their present stale. Zoologists will find concentrated at 
Banyuls during the winter and at Roscoflf in summer all the con- 
ditions best adapted for the study of the lower forms of animal 
life. — Some remarks relative to the representation of irrational 
numbers liy means of continuous fractions, by M. Hugo Gyld^n. 
From the points here discussed flows a thesis of great import- 
ance connected with the convergence of certain trigonometric 
series employed in the calculation of pcrturbatio:iS. The thesi ; 
is thus worded ; The probability of finding a vrdue for a beyond 
a given limit is in inverse ratio to the number expressing this 
limit, — On the degrees of oxidation observed in the efflorescing 
compounds of chromium and manganese, by M. Lecoq de Bois- 
baudran. In this first paper on the subject the author deals 
mainly with the carbonate of lime in combination with an oxide 
of chromium (or chromate of ammonia), and highly calcined in 
the air. He shows that chromium produces with lime a fluor- 
escence which seems to present no analogy with those yielded 
by it in combination with alumina, gallina, or magnesia.— On 
orthogonal substitutions and the regular divisions of space, by 
M. E. Goursat, The divisions here determined may be con- 
nected with the regular figures of space of four dimensions. 
Thus may readily be found the six regular figures discovered by 
Stringham. But the question may be pushed further, and, by 
fallowing Poinsot^s method, in space of four dimensioDS the exist- 
ence may be shown of re^lar figures analogous to the r^Tar 
s'azted polyhedrons of ^pace of three cCmensions. ’ftese 
results, here merely indteated, will be hilly developed in 
a memoir which wilt shortly he ^published.— On a theorem Of 
Katiuner^ by M, Ceeoro. This is in connection with a recent 
paper by Jensen, who U stated to defend himself from iti- 
acouracW of which he was not accused. In the author’s com- 
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1^ in the hydrochbrates of trichloride of antimony^ 

of triehioside of bhntath, and of peatachloifde of antimony, by 
M, Engel. The resear^es here deacrib^ fully confirm the 
existettoe of tltoe f#dies, which are described as well-defined 
aalts that may he ealmy isolated. Like all the other hydrochlorates 
of deride hitherto prepared, they all contain water of costal- 
lixation, and there are m each case at least two molecules of 
water for each molecule ofhydrochloric acid fixed by the chloride. 

- — On the reproduction of pbenacite and the emerald, by MM. P. 
Hautefeuillc and A. Perrey . The conditions are described under 
which the authors have effected the synthesis of two sdl^nces 
i^ose properties are identical with those of natural f^hmacite 
and the emerald. The analysis of the artificial emerald yielded 
adica 677, alumina 19**6, and glucinc 13*4, which are nearer 
to the calculated protx>rtion!) than those fflven for the compo- 1 
aition of most natural emeralds. The an^ysed crystals, whose 
density was 2*67, were colourless ; but greenish-yellow and 5 
green crystals were easily obtained — the former by the oxide of 
&on, the latter by the oxide of chromium. 

Berlin. 

Pby&iological Society, June S.^Prof. du Bois-Reymond, 
President, in the chair.— Prof. Kossel spoke on a new consti- 
tuent of tea. Inasmuch as tl^ presence of cafTein in tea does 
not suffice to explain its physiol^ical action, he had examined 
it for other bases, and found in the leaves of tea, in addition to 
adenin, a new well-characterized base whose composition is 
C*H*N40^, to which he has given the name of theophyllin, 
Thetmromin and paraxanthin have the some chemical compo- 
sition as theophyllin, but the latter differs from the former by a 
series of well-marked chemical reactions. One question of 
special interest was os to the constitution of the new nase, which 
belongs to that class of substances known as the xanthin-bodies. 
Fischer has shown that xanthiii yields alloxan and urea when 
oxidized \ and, similarly, it is known that theobromin is di- 
methylxantbin, yielding, by oxidation, methylalloxan and 
methyhirea ; as also that cahein is trimethylxanthin, yielding, 
by oxidation, dimethylalloxan and monomethylurea* The 
question hen^ arose os to the constitution of the new base, 
which, since it is isomeric with theobromin, is also presumably 
a dimethylxanthin. Since the speaker was in possession of so 
limited a quantity of the substance that he could not proceed 
to oxidize it, he proceeded by a different method, and intro- 
duced a methyl grcaip into the molecule of theophyllin : on 
performing this experiment he obtained cafiein, from whi<di it 
must be conclude that theophyllin contains one methyl 
group united to a residue of urea, and *one to a residue of 
alloxan, and has therefore a constitution identical with that 
of theobromin. It still remains to investigate the physio- 
logical action of the new base. — Dr. Will spoke on the 
alkaloids of the Solanaceae, of which at present only atropin, 
hyoscyamin, and hyoscin are known as distinct substances with 
reference to their mydriatic action. The first two of the above 
are of special interest, as possessing the same chemical compo- 
sition (Ca7H|aNOg), but differing as regards their melting-point, 
the solu which they form with gold, and their specific rotatoiy 
powers. It bad been noticed long ago that sometimes much 
atropin and but little hyoscyamin, anil, mV/ versd, much hyos- 
cyamin and but litrie atropin, is obtained from the roots of 
EriUtdonna. This difference in the relative amounts of the two 
substances obtained was noticed when portions of the same 
sample of roots were treated in the same way ; as tltf result of 
which the chemical factory of Schering had requested the 
speaker to investigate the cause of this diRerence In the reUtivo 
•mounts of the several products. The first fact which he deter- 
mined was, that when hyoscyamin is heated to 109* C.-H;hat is to 
say, to a temperature slightly above its melting-point— it changes 
into atropin. This is, however, of no significance in the pre- 
paration of the alkaloids, os carried on in a factory, inasmudi 
os no such temperatures are employed. Dt. Will further found 
that, when a few drops of alkali are added to a solutfon of i^os- 
mmin which possc'^^ses strong rotatory powers, in a few hou» 
the rotatory power is lost, and the solution no longer contains 
Iwpsmmln, but atropin. According to this, during the extrac* 
tfon BeUadonna roots in the foctoiy, the amount (d hyostyra- 
vm which tni^ have become converted into atrtmlh U 
upon the time of action and the ooncentration of the atkktine 
solution employed in the process j by treatment with idkolli the 


IfwM that, by the extinction of the of 
I^WtyAtnin end no atropin is obtaiimd# vm eaplaipea w tiite 
Bpeoier os being dtip to the employment of mpmo^ m ^ 
process, which has only a feeble power of oonvertijbg tiie <me 
alkaloid into the other. The speaker intet^ to empl^ ^ 
conversion of hyoscyamin into atropin, which is meaiimHtf by 
means of change In rotatory power, to the detenninotioO of the 


believe that relations similar to the above exist in the ease 6f 

S uinine and cinchonine, which are also obtained in varying 
ve amounts from the bark. — Dr. Koenig gave an oocount of 
fome experiments, undertaken at his sugg^ion by Xsaadtsep, 
with a view to testing HoImgren^s statement that very smoti 
coloured dots can only be seen as one of the primary polours of 
the Young- Helmholtz theory — qpmely, red, green, or violet. 
This statement was not, however, confirmed when the necessaty 
precautions were taken, and it was found that small dots of any 
colour, even yellow and blue, were perceived as possessing theur 
own objective colour ; this had also been observed ^ Herihg- 
Isaacksen had, further, investigated the power which Che eye 
possesses of distinguishing between minute dot-like lights 
which are so small that their image on the retina only foils on 
one cone, and found that it was as fully devdoped os for the 
colours of large surfaces. 
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THURSDAY, JULY 12, 1888. ^ 

ELECTRicrry and magxetism. 

A Treathe on Elccftidiy *xnd By E. 

Mascart and J. Joubert Translated by R. Atkinson. 
VoL IL (London: De La Rue and Co., 1888.) 

T he English translation of the second volume of the 
valuable work of MM. Mascart and Joubert is a 
welcome addition to the class, none too large, of really 
substantial English books on electricity. We have already 
directed the attention of the readers of Nature to the 
first volume of this work ; and we took occasion to point 
out that in their exposition of the subject the authors 
follow very closely the general methods of Clerk- Maxwell. 
That they do so is a great advantage for the English 
student ; because it enables him, without breach in the 
continuity of his studies, to use Mascart and Joubert as a 
commentary upon Maxwell, who is often by no means 
easy reading. The French work is also supple- 
mentary la Maxwell, for writers avoid as much as 
possible the purely theoretical side of electrical science, 
and treat electrical phenomena, more especially in 
their second volume, as subjects of observation, and^ 
above all, of measurement. This volume, which is 
now before us, is, in fact, an epitome of all the wisdom 
in exact electrical measurement which has been gamed 
during a period of extraordinary activity in that field. 
This period began with the researches of Gauss and 
Weber ; and may perhaps be said to have culminated in 
the great series of determinations of the absolute units 
which were made about the time of the Congress of 
Electricians at Pans in 1884. The prominent part taken 
by MM. Mascart and Joubert in this work has well fitted 
them to record with precision the details of the leading 
methods by which it was accompli ^lied, and it would be 
hard to refer the student of electrical science to an 
authority on electrical measurement at once so clear and 
precise in detail, and, with a few small and evidently 
accidental exceptions, so manifestly candid and fair, as the 
second volume of the treatise of Mascart and Joubert. 

The space at our disposal in the pages of Nature 
allows us to give but a brief summary of the contents of 
this volume. Part 1 . deals with the auxiliaries of elec- 
trical measurement, such as the measurement of angles, 
of the periods and amplitudes of oscillations, of couples, 
and of such properties of circular currents as are im- 
portant in the construction of galvanometers and other 
electrical instruments. As an example of the care mth 
which the subject is treated, we may refer to the discus- 
sion, in 5§ 659, 660, of the power of a telescope, and of the 
relation that ought to subsist between the dimensions of a 
graduated circle and of the telescope with which it is 
associated. The conclusion of this discussion is marred 
in the English version by inadequate translation. Thus, 
for example, “ un cercle de cc diam^tre [80 cm.] devra 
done 6tre associ^ une lunette de 16 centimetres d'ouver- 
does not mean “a circle of tliis diameter is 
therefore comparable with a telescope of 16 cm. aperture." 
The meaning is, that, to get the full use of the circle, a 
telescope having an objective lens of 80 cm. aperture is 
required ; and that a more powerful one is unnecessary. 
Part Il.j which is the kernel of the volume, describes 
Vot.. xxxvni.— No. 976. 


the various electrical measurements as they are carried 
Obt in practice. There are chapters on electrometry, and 
on measurement of current, resistance, electromotive 
force, capacity, constants of coils, absolute resistance, 
and the fundamental velocity, The methods are 
described in great variety and with great detail. They 
are illustrated by giving not only the bid classical results^ 
but also by means of the most recent examples. Nothing 
is attempted like the exhaustive catalogue of results, good, 
bad, and indifferent, which makes Wiedemann such an 
invaluable book of reference. Experimental results arc 
gis4b simply as part of the exposition of the methods by 
which they are obtained. It is probably for this reason 
that the authors make no mention of the valuable 
experiments on dieletric strength recently made by their 
fellow-countryman, Bailie. 

Part III. is devoted to magnetic measurements, and is 
excellent so far as it goes. It is by no means so exhaustive 
as the purely electrical part ; and, probably for that very 
reason, will be found to be lighter reading focHhe tyro in 
electricity and magnetism ; to such we commend more 
especially the parts relating to the determination of 
so-called magnetic poles and to the magnetism of feebly 
magnetic and diamagnetic bodies, subjects which are 
very frequently imperfectly understood or inadequately 
expounded in current text- books. 

Pan IVL, which is called a complement, deals with 
industrial applications, and contains a table of numerical 
constants. The table of constants gives full references 
to the sources of such information as it contains, and will 
be found most useful. The part that deals with industrial 
applications is to our thinking the least satisfactory part 
of the book ; not because there is any want of clearness or 
soundness in it, but because it is too short and too scantily 
illustrated by references to practical cases to give the 
student any real idea of the problems that surround the 
electrical engineer. 

In describing the various methods of electrical measure- 
ment the authors are, on the whole, very sparing of 
criticism. They seem to .assume that they are addressing 
an audience fitted to draw their own conclusions from 
the facts put before them. Occasionally the weak points 
of the methods used by various experimenters are pointed 
out, but the authors never indulge in that species of 
criticism which consists in treating a fellow-labourer and 
all his productions with indiscriminate scorn because 
the critic has discovered some microscopic oversight, or 
believes that he has wrung one more decimal place from 
reluctant Nature. 

There are one or two little points which might be amended 
in a future edition. For example, the elegant method of 
discussing resisted motion by means of the equiangular 
spiral, given in § 682, should be attributed to its author, 
Prof. Tait. The use of the fish-back galvanometer-needle 
{t\e, a needle made up of a number of separate paraUe. 
needles) was not an invention of M. Deprez, at least not 
an original invention ; for the writer used, more than 
twelve years ago, a galvanometer fitted with a needle of 
this sort, which had been constructed for the B.A. Com- 
mittee of 1867. Who the inventor was, is doubtful ; but 
probably he took his idea from the laminated magnets 
constructed by Jamin and others. Perhaps the most 
serious historical oversight is made in § 1274, where,' in 

M 







spetking of the graphicAl characteristic of a dynanuit^ 
Is used ethicb would lead the reader to infer 
that this impo!|am method in the theory and practice 
W electrical eti^neering was introduced, by M. Marcel 
Deprezi therlfiact being that it was first introduced, fully 
explained, an^ act^a^y used by Dr. Hopkinson in 1879.' 
What M. Deprez d^, was, we believe, simply to give a 
name to Hopkin son's curve, and to further develop its 
applications. It would be easy to correct, in footnotes 
of otherwise, these and a few similar small blots on a 
work which is, in most respects, reiparkably fair and 
cosmopolitan in its histor>. ^ 

Regarding the work of the translator, we can, on the 
whole, speak very favourably. There are, however, pas- 
sages here and there which are so inadequately translated 
that they suggest the idea of an inferior assistant not 
always sufficiently overlooked. Compare, for example, 
the following piece of the original with the accompanying 
translation 

“ Si la loi dtait gdndrale, on en conclurait, pour le cas 
de deux plateaux parall^les, que la production de T^tin- 
celle correspond toujours une m6me valour de la density 
^lectrique et, par suite, de la force ^lectrique et de la 
pression dlectrostatique, ou, dans les id^^es de Maxwell, 
k un m^me ^tat ou une meme dnergie spdcifique du 
niilieu interposd.*’ 

If the law was general, we should conclude, for the 
ca’se of two parallel plates, that the production of elec- 
tricity almost represents the same value of the electrical 
density, and therefore of the electrical force and the 
electrostatic pressure, or, as in Maxwell's views, to the 
same condition or the same specific energy of the 
interposed medium.” 

It will be seen that the English passage is not a trans- 
lation of the Frepch, is not English, and means nothing. 
We mention this, by far the worst, case of loose trans- 
lation that we have noticed, to draw the attention of the 
y English editor to the need there is for revision. Such 
corrections as are absolutely necessary might be given 
on a fly-leaf ; and, in order to help, we mention a few 
things that we have noticed. Some are misprints, some 
wrong, some merely doubtful. 

P. 39, ** compass of horizontal intensity” ? 

P. 41, “ observations ” (oscillations ?) 

P. 48, “collate” (collect ?) 


\' SYNOPT/CAi^IMEA OF NORTH 
Syn^i^cai Fhra ef Nortft America: the 
A Second Edition of Vol I. Part 3, and Vol. ll* Part lit 
collected. By Asa Gray, LL.D. Large 8vo, 480 / 

494 pp. (Washington: Published by the Smithidnfltli > 
Institution, 1888.) 

T he first feeling which the sight of this book Wt 
awakens in the mind is one of deep regret UhK , 
Prof. Asa Gray did not live to carry out the plans , 
had entertained so long for an elaboration of a complete 
flora of Temperate North America upon one uniform plan, 

A work of this scope was planned by Dr. Torrey and 
himself when he was quite a young man, and the first part 
appeared as long ago as 1838. It was soon found by thh- 
anthers that it was impossible to identify satisfactorily th^ 
plants which had been named by their predecessors 
without studying the European Herbaria ; and in order to 
do this Dr, Gray spent a year in Europe in 1838^39. 
Another instalment, which extended to the end of Poly-^ 
petalze, was published in 1840, and the remairnder of the 
first volume, extending to the end of Compodle, in 1842. 
Then Dr. Gray accepted the post of Fisher Professor Of 
Natural History in the University of Harvard, and what 
with teaching and herbarium work, and the preparation 
of the successive five editions of his Flora of the 
Northern United States,” and the elaboration of the n##' 
collections that poured in as fresh territories were 
plored and settled, his time was fully occupied for 
thirty-five years. In 1878 he returned to the more 
i comprehensive work, and In that year published the 
1 first part of the second volume, which includes the re- 
I maining orders of Gamopetalas, from Goodeniaceae to 
I Plantaginacex. In 1884 he issued a revised edition of 
I the part devoted to the CompositiC and small allied 
j orders. The work we have now before us is a re- 
I print of the whole of the Gamopetala:, with two sup- 
I plements, embodying additions and corrections up to the 
end of 1885. Although the title-page bears the date of 
1888, it was really issued, as the secondary title-pagb 
indicates, in January 1886, and we have had it in use at; 
Kew for a couple of years, Tlie present volume, there- 
fore, covers the central third, brought up to date, Of the 
complete undertaking as planned ; and at the beginning 


P. 50, ** bodies of easy construction ” ? 

P. 237, ** combine the experiment”? 

P. 293, “ but they are not sufficiently so, &c. ” ? 

P' 5 S 7 » “ residues of the Leyden jar” ? 

P. 577, “ induced charges^* (d^charges induites) ? 

P. 578, “to maJ^e ike constant of the ballastic galvano- 
meter ” (faire la tare : why use tare ? Tare is English). 

P, 878, “regulation of a galvanometer” (tarage d*un 
galvanometre) ? 

Notwithstanding minor shortcomings, this English 
translation of the work of MM. Mascart and Joubert 
will be of great use to English readers ; and we hope 
that it will not be thought that, by calling attention to 
inaccuracies here and there, we mean to depreciate the 
labour of the editor, or to undervalue the debt which tho 
English scientific public owes him for rendering more 
accessible one of the most important electrical treatises 
of the day. C. C. 

‘Stehls M^^ in rhe P occe tJnan or thf Imtitutim 0,' Methmieal 
Eirgmeefti, A^ni iS79ani Ap.ii 18^0. 


the Polypetalous Dicotyledons are still left as they stood 
in 1840, except for the most useful bibliographical index, 
brought up to date, which Dr. Sereno Watson issued In 
1878; and the Incompleta: and Monocotyledons, tt> 
which Dr. Watson has happily devoted special attentian 
during many years, have still to be dealt with. 

The flora of Temperate North America contains 
about the same number of species as that of the wholo 
Europe, but of course the orders are to a certain extend 
different, and others enter in the two floras in Vhrjy 
different proportions. In the present work there are 
dewribed 3521 species of Gamopetalous Dicotyledona, 
which all but 162 are indigenous. They fall under 
I genera, of which 520 are native. The American 
posita alone, 1636 species, far more than outnumber 
whole Phanerogamic flora of Britain. Next w'jCd# , 
positae come Sdropbulariaccse, represented by 367 
cies and 38 genera. Of Hydrt^yllaee®, an 
restricted to North America, there are 129 x^00^ 

14 genera; of Potemoniacess, ahotber nearly 
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ctdoTj^hero are 133 species* The ihore tropical cha- 
racter of the North American , as compared with the 
Ettrhpeat)», flora, is shown by the presence of 44 non- 
steUate Rubiaces, 9 Sapotaceae, 97 Asclepiadacea:^ 6 
Btgnoniacece, and 41 Acanthacese. To get such a large 
number of plants worked up by such a model systematist 
as Dn Gray is an enonoous boon to all species 
botanists. A great many of the species are here de- 
scribed for the first time ; and a still larger proportion 
have only been previously noticed in scattered unclassi- 
fied papers. A large number of the best- known North 
American plants cultivated in our gardens belong to 
Gamopetal^ ; and to have such genera as Aster, Solidago, 
Helianthus, Penlstemon, Phacelia, and Gilia, put in order 
and brought up to date will be a great saving of time and 
trouble, and make the book essential, not only to botanists, 
but to all owners of gardens who wish to understand the 
characters, affinities, and geographical distribution of the 
plants they grow. 

In arranging their material the authors of the four 
great recelfe descriptive local floras have followed four 
different p&tis. In Bentham^s “Flora Australiensis** 
there is, under each genus, an initial analytical key, in 
which each species is distinguished, and afterwards a 
single detailed description of each species and its varie- 
ties. The 8500 species of the Australian flora, described 
after this plan, fill seven volumes of from 500 to 800 
pages each. In Boissier’s “ Flora Orientalis” the initial 
key only goes down to the sections, and there is a less 
detailed single description given of each species. The 
number of species is about x 0,000, and the whole work 
runs on to five large volumes of about 1000 pages each. 
In Sir J. D. Hooker’s “Flora Indica” there is no initial 
key, but sub- genera and groups are briefly characterized, 
and under each species is given both a compact diag- 
nosis and brief description. Under this plan the 10,000 
Dicotyledons of India fill five octavo volumes of 700 to 
800 pages each. Dr. Gray gives no initial key, more 
detailed characters of sub-genera and groups, and under 
each species a single short description. Under this plan 
the 3500 Gamopetal^e fill a book of 970 larger pages. It is 
an omission, we think, that Dr. Gray has not numbered 
his species, for, in referring from the book to the herbarium 
and back again, such numbers arc a very useful guide 
Mr, Bentham, Sir J. D. Hooker, and Dr. Gray all three 
adopt the same comprehensive idea of what constitutes a 
species, and use substantially the same orders and genera, I 
and the same plan of nomenclature ; and it is a very ! 
great convenience in herbarium work that these three | 
great floras have been treated upon one uniform system. I 

Our best sympathies are with the American botanists ; 
in th« great loss they have sustained. In securing such | 
a competent assistant as Dr. Sereno Watson, Dr. Gray I 
was very fortunate, and we trust that the material for the 
two other volumes is in such an advanced state of pre- 
paration that they may be published under his editorship 
before long. We European botanists have great reason 
to thank the managers of the Stnlthsopian Institution for 
their liberality in granting funds for the book. Wiiat a | 
bogri It would be if we could have a general flora of j 
Eurpi^e planned upon the same lines j but with all our 
Universities and Herbaria this does not at present 
at an lately. J. G* Bakkr. 


HVDHOD YNAMICS, 

Treatise on Hydrodynamics. Vol. I. By A. B. Bassik. 
(Cambridge : Deighton, Bell, and Co. London ^ GcorgC; 
Bell and Sohai x888;.) , 

T his book deserves to be most warmly received by all 
who are interested in this branch of mathematics, in 
which remarkably rapid progress ha^ been made of late 
years. For some time past a constant and familiar acquaint- 
ance with the Proceedings of learned Societies has been 
necessary to enable students to keep abreast with the sub- 
ject I and the author has performed real service in incor- 
porating in his work many important results and memoirsk 
This volume, which is to be followed by a second, con- 
tains the general equations of motion, with the auxiliary 
discussions of vortex and irrotational motion, and also 
the theory of motion of solids in a fluid, in which both 
the hydrodynamical and the dynamical effects of the 
motion are very fully discussed. The chapter on the 
equations of motion is noticeable for the introduc- 
tion of Clcbsch’s transformation, proving the perman- 
ency of vortex lines and vortex sheets, and for the 
application of the principles of least action and energy. 
Students are apt to lose sight of general dynamical 
principles in the not inconsiderable difficulties of pure 
analysis that attend this subject ; and it is well they 
should be aided to bear in mind that their symbols are 
after all intended to represent physical phenomena, while 
it adds considerably to the interest of the subject to 
exhibit its analogies with kindred physical principles. 
But it is to be regretted that in this chapter the author 
has not removed the obscurity which arises from the fact 
that the equations of motion can be obtained in the same 
form by either a Lagrangran or an Eulerian method. The 
device of endowing each particle of fluid with co-ordinate 
axes, all its own, marks the first method ; the observation 
of fluxes at a certain point of space is the distinguishing 
feature of the second. To identify the results thus 
obtained (as in the equations of motion in spherical 
co-ordinates) is justifiable, but will certainly lead to much 
misapprehension at the outset 

A chapter on images and doublets is useful as collecting 
together what must otherwise be introduced in a random 
manner. The discussion of motion in two dimensions is 
as complete as the limited number of cases that are 
soluble will allow ; several new cases, not previously 
found in the text-books, illustrate the increasing difficulty 
of the analysis. In dealing with discontinuous motions 
the author follows Kirchhoff, beyond whose work on this 
question it seems impossible to advance. 

The second half of the book, treating of the motion of 
solids in a fluid, is singularly interesting, and contains the 
last contributions to the dynamical theory, which are due 
to the author himself. These are marked by great 
generality of treatment and power of anal>sis,but we fear 
the complexity of the results will prevent their being 
generally appreciated. 

In dealing with the velocity- potential due to the motion 
of an ellipsoid, it would appear that the most direct and 
general method of obtaining the result in every case is 
to form Laplace’s equation in ellipsoidal co-o^inates ; 
instead of this the author has recourse to formulae in the 
theory Of attraction, which need modification to suit each 
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A chapter on the motion of two spheres indicates the 
attention given tothis problem of late years, and may also 
serve as a warning of its h opelessness. The anticipations 
of its yielding an explanation of magnetic phenomena, to 
which the first experiments by Bjerknes gave rise, have 
been dissipated by the exhaustive mathematical treatment 
it has received. 

The excellence of this work leads us to look forward 
with great interest to the publication of the second volume, 
which will deal with fresher and more suggestive portions 
of the subject ; and the two volumes together will prove 
of very great use to every student. The words on the 
title-page, “ with numerous examples/’ strike us as below 
the dignity of a subject like hydrodynamics. The book 
will certainly be appreciated for its own merits even more 
than for its examination usefulness, to which aim too 
many books conform, 

OUR BOOK SHELF, 

Sierra Leone ; or^ the White Man^s Grave. By G. A. 

Lethbridge Banbury. (London : Swan Sonnenschein, 

Lowrey, and Co., 1888.) 

The author of this book explains that he does not offer it 
as ** one of travel over unknown ground ” or “ as one of 
dangerous adventures and hardships.” His aim simply 
is to bring before his readers a description of an English- 
iitan’s life in “the most interesting but deadly colony of 
Sierra Leone.” He has done his work well, and the book 
will be cordially welcomed by all who have any special 
reason for wishing to obtain clear and accurate informa- 
tion about this part of the West African coast. The 
volume consists chiefly of letters written while Mr. Ban- 
bury was at Sierra Le me, and has therefore a freshness 
and vividness which it would hive been hard for him to 
match in a more elaborate and formal work. The most 
valuable chapters are those in which he sets forth the 
impressions produced upon him by the natives, in whose 
ideas and customs, as here depicted, there is an odd 
mixture of Christianity and the lowest forms of paganism. 
Mr. Banbury has a strong belief in the power of education 
to improve the character of the native population, and he 
urges that more strenuous efforts shouM be made for the 
establishment of proper schools. It is tolerably certain 
that if permanent good cannot be done to the colony by 
this means there is no other way in which real progress 
can be secured, for, as Mr. Banbury points out, the un- 
healthiness of the climate prevents any large increase of 
the number of European settlers. 

Nature's Fairy^Land : Rambles by Woodland, Meadow, 

Stream, and Shore, By H. W. S. Worsley-Benison. 

(London : Elliot Stock, 188S.) 

This book consists of a series of papers selected from a 
considerable number which have appeared in various 
periodicals. The author has a clear, pleasant style, and 
his vivid descriptions and explanations arc well adapted to 
awaken in the minds of young readers a genuine interest 
in various aspects of scientific truth. The volume opens 
with an attractive paper on “The Journeyings of the Rain 
Drops,” and this is followed by papers entitled “ From 
Root to Flower,” “ Out Among the Gorse,” and “ Com- 
panions of the Corn.” These three papers serve as an 
introduction to other chapters on plant-life. There are 
also interesting essays on such subjects as shells and 
shell-builders, spiders, and the nests of fishes. 

Lessons in Ekmentary Mechanics, By W. H. Grieve, 

P.S.A. (London: Longmans, Green and Co., i888.) 
The second stage of mechanics is alone dealt with here, 
and throughout, the author has rendered the various forces 


which produce motion, together with the laws which 
regulate those forces, in a clear and simple, style ; the 
illustrations are numerous, and are specially adapted^ to 
an elementary course. The work is suited to the require** 
meats of the second stage of the revised code, and the 
arrangement of the chapters is the same as that in the 
Syllabus of Instruction adopted by the London School 
Board. Tlie examples at the end of each chapter are 
instructive and well chosen, and the book concludes with 
a series of examination papers and results to the 
numerical questions. 


LETTERS TO THE EDITOR, 

[The Editor does not hold himself responsible for opinions 
expressed by his correspondents. Neither cun he under- 
tahe to return, or to correspond with the writers of, 
rejected mannscripis intended for this or any other paid 
(/NaTURK. No notice is taken of anonymous communi- 
cations.] 

Photography of Lightning. 

So much interest is l)cing taken at the present time in obtain- 
ing photographs of lightning flashes, that perhaps some one 
would be willing to take the necessary trouble^;? and use a 
moving camera. A camera revolving or vibrating at any 
ordinary pace would probably give each single flash unaltered, 
but it might analyse muhiple and complex flashes into their 
constituents. 

The eye is so easily deceived as to what is really happening in 
these sudden efTecls that very erroneous views may easily be 
formed, and indeed are in some ounrters now prevalent. 

Whether it is better to make ine camera revolve as a whole, 
or only the sensitive plate, or whether a revolving mirror should 
be used with a stationary camera, arc questions for experience 
to decide. 

One good method, if not too troublesome in practice, would 
be to arrange a double camera, with component axes parallel, so 
as to photograph the same flash in both halves, but with the 
sensitive plate of one fixed, of the other rapidly revolving. 
Appearances really due to succession in time could be then easily 
distingui'^hed, and might be capable of interpretation. 

July 10. Oliver J. Lodge. 

Micromillimetre. 

I AM glad that the Council and Fellows of the Royal Micro- 
scopical Society have seen their way to the adoption of the word 
micron, but the letter in which Mr. Crisp announces this decision 
to you is not, I think, calculated to give a correct impression of 
th^ circumstances under which it was taken. 

Firstly, 1 need hardly say that I did nut take exception to 
the word micromillimetre, but to its use as equivalent to the 
thousandth of a millimetre. 

In the next place, I wrote to the Secretaries of the RoyAl 
Microscopical Society on behalf of the Council of the Physical 
Society, of which no mention is made by Mr. Crisp. 

Thirdly, the proposal of the Council of the Physical Society wu 
that the word micron should be adopted. 

Lastly, I am myself quite in favour of thU course, and In fact 
moved its adoption by the Phjrsical Society. 

The word micrometre must m accordance with the rules of the 
B.A. Committee be a possible alternative just a-s a cubic decinutre 
is alternative to a litre, and 1 think the disadvantage of the 
multiplication of special names not based on a uniform system Is 
nearly as great as that of the possible occasional comparUon 
between micrometre and micrometer. This is however a little 
matter as compared with the use of micromillimetre in two 
different senses, and the official sanction of micron by the 
French authorities (of which I was not aware when I originally 
wrote to yon) is quite sufficient to turn the scale in its favour. 

As .some of your readers may not have seen the previous 
correspondence, will you allow me in conclusion to state that it 
is now generally agreed, 

(t) That the thousandth of a millimetre shall be called a 
micron and denoted by ja. 

{ 2 ) That the millionth of a millimetre shall l>e called the 
micromillimetre and denoted by m M* 

Ahtkue W. RUCItttJL 
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Oittribution of Animal* and Plant* by Ocean Currenta. 

1 B^O to forward you herewith some extracis from a letter just 
Kcelved f^rom Port EUxabeth* South Africa, which, I think, 
cannot fail to interest your readers in connection with Darwin’s 
theory of the distribution of animals and plants in some cases 
by ocean currents. My correspondent writes : — ^ 

“About the beginningof the year 1887 the attention of the public 
of Port Elizabeth wasaroused by finding a quantity of pumice-stone 
washed up upon the shores of the bay, showing volcanic action. 
Some of the pieces were c^ve^ed with barnacles of a few months' 
growth, and others appeared as though a mass of vitrified matter 
nad been poured upon them. At the same time, shipmasters 
stated that they hatl seen large masses floating upon the sea as 
they approached the east coast of Africa. Strange fish also made 
their appearance in our waters, and, among the number, two 
large specimen-s of the ox- ray species were found washed up 
upon the rocks. But more remarKable was the discovery of four 
venomous sea-snakes about 1 8 inches long, the bodies marked 
black above and yellow below, an»>wering the description of the 
Pthmis bicohr usually to be found about the coasts of Sumatra. 
Java, and the adjacent isles, and which must have followed the 
floating debris. One of these snakes was still alive when found, 
although it did not long survive, and one of the others was in a 
sufficient state of preservation to be sent to the Museum. What 
will prove more interesting still, is the discovery of a large seed 
resembling a cocoa-nut, which was picked up about the same 
time, of which Mr. Russell Hallack, of Port Elizabeth, gives 
the following descrit^tion 

“ * About the latter end of 1886 a large husky fruit was picked 
up. It resembled a square cocoa-nut of 4 inches cube, not quite 
so deep as broad and long. Inside this husk, which was more 
cork -like than fibrous, was a solitary nut, about i| inch round, 
melon- shaped, with fluted outside, covered with a coating re- 
sembling potato- peel. This nut had been bitten by the boy who 
found it, but whether the taste was not to his liking, or for some 
other reason, he was persuaded to give the rbmains to the gar- 
dener of the north-end park, who planted it. In due time the 
shoot came up like a potato- plant with small leaves. The plant 
is now about 4 feet high, and the small leaves have developed 
into grand foliage 20 inches long by 7 or 8 broad. It is sup- 
posed to be the Barrim^toma spet iosa^ a native of the East 
Indies. A smaller variety, the Z?. racemosa^ is said to exist in 
Natal and the east coast of Africa, but is easily distinguished 
from this by the smallness of its fruit. The B. speciosa belongs 
to the myrtle tribe, but differs from the ordinary type in having 
this large, one-sided, corky husked fruit ; it i-* one of the hand- 
somest of its tribe, and in the Moluccas attains the height of 
40 or So feet, with a circumference of 10 to 14 feet. It is 
generally found near the sea.' " 

The suggestion is that this nut, as well as the snakes, the 
strange fish, and the pumice-stone, are all relics of the great 
KrakatiCb eruption in 1883, and that they had drifted about till 
the beginning of 1887, till thrown upon the coast of South 
Africa. If this be really the case, the tenacity of life in the 
snakes and the nut is truly remarkable, and, as my corre- 
sMndeotadds: “Surely pome of this debris must have been 
deposited on the island shores visited by these currents, and if 
we could only become acquainted with the date of their appear- 
ance upon each, some idea might be formed as to the course 
taken by these plants, &c., in their journey to Southern Africa." 

I find, by a reference to the hack numbers of Nature, that 
the wmice has been traced to the east Coast of Africa, leaving 
portions on various islands en ivute^ and that some of it was 
timed to reach the west coast of America at Panama in 1886 ; 
but nowhere do 1 find any notice, except that given above, of 
animal or vegetable debris accompanying the masses of pumice. 
Perhaps the publication of these interesting facts may call forth 
similar observations from some of the Pacific Islands. 

A. W. Buckland. 

Watches and the Weather. 

My neighbours, Messrs. Jacob and Ross, watchmakers, often 
fell toe thflr experiences in the breaking of mainsprings. 

Uprefiecting people fancy they have broken the spring by 
over-tvlndlng, or in mher words have drawn asunder a piece of 
by thefqrce of finger afid thumb. 

The ftpringt of course break through a subtle molecular change 
prodded in the steel by atmosphenc causes : they u.<iually fly 
Wttnder a few hours after being wound, at 3 or 4 o'clock in the 


morning. Many watches and clocks come to the workshops for 
new springs after a frost, but not until a thaw has set in ; still 
more come after thunderstorms. 

This morning a clock spring was taken out of its box, which 
had overstrained itself at one moment into seventeen pieces, 
there was a comjdete fracture in each coil along a rarlial tine 
from the centre. Some time back one was found with three 
such radial lines of fracture. 

Of course ihi.s subject Is not new, but it gains by recorded 
experiences. W. B. Croft. 

The College, Winchester, July 9, 


Preserving the Colour of Flowers, 

I SHOULD be greatly obliged if some of your readers would 
inform me how to preserve the colour of those flowers prone to 
fade during and after pressing. 

In a local jiaper I saw an extract from the Pharmaceutical 
yournal^ in which salicylic acid was recommended. I have 
tried it both as powder and in solution in spirit ; in either case 
it had a great tendency ^except in the case of yellow flowers— 
to change the colour to either a bright scarlet or to a light 
brown. A. W. 

[There is no difficulty in preserving the colour of yellow flowers 
if they are properly dried by the ordinary method, i.e. in ab- 
sorbent paper, changed at the end of the first day, and once or 
twice afterwards. It is very difficult to prevent such plants as 
Pedicularis, Bartsia, and Melampyrum turning black. See an 
account of a plan recently tried in CJermany by Schbnland, in 
Annals of Botany ^ vol. i. p. 1 78, 1887. — J. G. Baker.] 


THE LIFE STATISTICS OF AN INDIAN 
PROVINCE. 

S OME years ago, in this journal (vol. xxix. p. 338), I 
published a short article on the intimate relations 
which subsist between meteoi ological conditions and the 
statistics of death and crime in India. In this it was 
incidentally mentioned that, imperfect as they were, the 
vital statistics of the North-West Provinces and Oudh were 
at that time more to be depended on than those of any 
other province in India, thanks to the unremitting atten- 
tion paid to the subject of registration by the late Sanitary 
Commissioner, Df. Planck ; and though they have not 
sensibly improved since 1884, but perhaps rather fallen 
off in accuracy, the birth and death registers of these 
provinces are still undoubtedly better tLin any others 
in India embracing an equal population. 

As ten complete years have now elapsed since the 
amalgamation of the two provinces, which together con- 
tain a larger population than any European country 
except Russia, and as similar statistics are not at present 
obtainable from any other Oriental country but India, it 
may be of interest to compare some of the conditions of 
life revealed by them with those obtaining in the more 
favoured countries Of the West. That India has a high 
death-rate, owing to the unhealthiness of the prevailing 
climatic conditions and imperfect sanitation, as well as to 
the low vitality of the mass of the people consequent upon 
superabundant population and insufficient food, is univers- 
ally understood ; but there is no proper appreciation of 
the marvellous recuperative power of a population among 
whom prudential restraints on increase are unknown, and 
where almost every woman has been married in child- 
hood, and commences to bear children at the age of 
fourteen or fifteen years. It may be said with almost 
absolute truth that there are not only no old maids in 
India, but no unmarried women above the age of 
puberty, except the unfortunate class of Hindu widows of 
the higher castes, who are not permitted to marry again ; 
but though this dues appeals in many ways to our 
sympathies, it it of very slight importance from the point 
of view of the increase population, the widows of 
ckild'beariftg age amounting to only 9 per cent of the 
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total number of females of the same age —a proportion 
which compares very favourably with that of widows and 
spinsters in England, This wonderful power of rapid 
recovery after decimation by famine or pestilence will be 
fully exhibited in the tables given below. 

The registration of deaths was in regular operation 
for several years, both in the North-West Provinces and 
in Oudh, before the two were united under one administra- 
tion in 1877. That of births was first introduced generally 
in 1879, though it had been tentatively commenced in 
municipalities and cantonments some time previously. 
We have therefore now (February 1888) ten complete 
years' death statistics for the united provinces, of a fairly 
uniform degree of accuracy, and nine years’ registers of 
births, decidedly improving in completeness and accuracy 
for the first five or six years. The births for the first year 
of the ten — 1878— may also be approximately arrived at by 
a proportionate computation from those registered that 

. : i l: 


each sex, 
follows ; — 

registered in 

each of the ten 

years, was as 

Year. 

Males. 

Females. 

No. of Males 
(o fuu Females, 

1878 

... 667,975* 

541.285* 

122 50 

1879 

669,921 

555.9* * 

120-51 

1880 

7477953 

642,826 

... 116*34 

11406 

1881 

... 948, '91 

831,282 

1882 

875,616 

••• 780.543 

112*18 

1883 

- 950.932 

... 850,469 

iii*8i 

1884 

... 1,015,699 

. . 915,262 

110-98 

188s 

957,^72 

... 861,609 

iii'jS 

• 1886 

... 874,099 

785.433 

111*28 

1887 

902,844 

805,891 

11203 

Total 8,610,902 

7.574t5" 

113*68 


An inspection of the last column shows that these 
numbers require to be corrected, not only by an allowance 
for general incompleteness of the records, but by a special 
addition to counteract the tendency to omit females. 
Daring the first seven years this tendency diminished as 
registration improved, and the numbers of the two sexes 
approximated more and more to equality ; but even 
with the most intelligent and careful recording 
agency, the true ratio between the sexes at birth 
will never be attained in the records until the opinion 
of the mass of the people on the relative values of 
male and female life has undergone a complete altera- 
tion. The ratios for the first seven or eight years in 
the table give a cuive apparently asymptotic to a certain 
line, the ordinate of which would stand for the ratio 
attainable by the greatest care in registration under the 
present conditions. Representing the above ratios for 

the first eight years by the formula, a + ^ , where / is 

counted in years from 1877, we find the ordinate of the 
asymptote, a, to be 108 ’57. In the provinces there are, 
however, two districts in which the numbers born of the 
two sexes invariably approach much more nearly to 
equality. One is.GarhwAi, a Himalayan district inhabited 
by an unsophisticated people who claim to be RdjpAts^ 
but are probably of aboriginal descent,^ and who have 
never come under Muhammadan influence in any way, or 
acquired the custom of paying a heavy dowry with the 
bride, which is the cause of female infanticide among 
many of the higher castes. The other is Lalitpur, in the 
extreme south, where the inhabitants are chiefly Ckamdrs 
and other low castes, who have never concealed their 
women or practised infanticide, and amongst many of 
whom the bridegroom's family pay for the bride. The 
statistics for these two districts give a series of ratios 
represented by a curve whose asymptote has an ordinate 
of 100*00, or which points ultimately to exact eqoalky 
between the sexes. In like manner, if we select for each 
year that district in which the recorded birth-rate was 

* Estimated from these registered ia oninidptaliiies. 


highest, and where, therefore, the registration was pre- 
sumably most complete, we get a curve pointing to an 
ultimate ratio of 10a 78 males to 100 female &. If we take 
the mean of all three results, that for Garhw^ and 
Lalitpur being probably below the true average fbr the 
whole population, we get 103*78 males to 100 females* 
This comes very near the ratio for England, which, I 
believe, is between T03 and 104, and is almost identical 
with that deduced from the distribution of the population 
according to age and sex at the last two censuses of the 
North-West Provinces — namely, 10375, It may therefore 
be adopted as a close approximation to the truth, and it 
shows that, in regard to the relative numbers of the 
sexes, human nature is much the same in the East and 
West, notwithstanding the deceptive appearance pre- 
sented by unanalyzed statistics, as well as by public 
gatherings in countries w'here respectable women seldom 
venture out of doors. 

The numbers of females in the above table must there- 
fore be all recast so as to give 103 78 males for every 100 
females. 

This special inaccuracy in the birth tables being cor- 
rected, there remains the general inaccuracy due to in- 
completeness of the register, which is common to both 
births and deaths, and has been estimated by Dr. Planck, 
after careful and extended personal inquiry, at 20 per 
cent, of the total, or one-fourth of the numbers recorded. 
When both causes of error are allowed for, the total 
number of births in each year will be as in the second 
column of the next table. 'I'he third column gives the 
recorded deaths, increased by 25 per cent, to make them 
represent approximately the true mortality, and the last 
shows the increase or decrease of population each year, 
due to these causes. The figures in this column repre- 
sent very fairly the total gain or loss of population, for the 
number of emigrants is only three or four thousand 
annually, and this loss is partly balanced by a return 
migration, the numbers of which are not known. 


Year. 

Uirths. 

Deaths. 

Increase 

1878 

••• '.639.544 

... i, 9 o *.'75 •• 

- 262,631 

1879 

... 1,644,320 

... *.393 . '*4 • 

-748,804 

1880 

... 1,835,850 

... 1,601,544 .. 

+*34.306 

1881 

••• 2 . 3 * 7.335 

••• 1 . 753 , 09 ' •• 

+574. *44 

1882 

... 2,149,219 

... 1,856,409 .. 

+ 292^810 

1883 

... 2.334,062 

... 1 , 5 * 0 , 37 ' •• 

+ 813,691 

1884 

••• *.493.036 

•• i, 944.'77 •• 

+5^.859 

1885 

... 2,350,606 

••• '.763.299 •• 

+587,307 

1886 

... *,145.476 

... 1,834,516 .. 

+310,960 

1887 

... 2,216,030 

... ', 977.'74 .. 

+ 238,856 

btal 

- *'.' 35.478 

18,545,880 

+2.589.598 


During the year of scarcity, 1878, and that of pciti- 
lence, 1 879— for the great epidemic of, unprecedentedly 
fatal malarial fever that year surely deserves the name 
^ of pestilence— the net loss of population was over a 
million ; but in the next three years this was fuUy 
recovered, and in the succeeding years large numbers 
! were added to the population, especially in the healthy 
I year, 1883. Thus the net gain for the ten years, notwith* 
I standing famine and pestilence, was over two millions and 
1 a half, an increase almost unprecedented since the first 
I census in 185 3, and doubtless the result of an unusually long 
I succession of abundant harvests. Since 1885, however, tM 
I increase has grown less and less rapid ; and as another 


scarcity is now nearly due, if any trust may be placed in 
the average period of the recurrence of droughts in the 
past, it seems likely that in the next two or three y:e«r» 
the increase may be temporarily stopped. 


the recurrence of droughts in the 
lat in the next two or three y:ears 


With these figures, and the fixed ooint given by Ae 
ce^us of 1881, It is possible to find tne probable numtiet 
living at the commencement of each year from 
1888, and also the mean birth- and death-rate for e^, 
year of the ten. The census was taken on the night of 
February 17, iggj, and the total of the people hundred 
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was 44,(07,869. In the Census Report it is, however, 
shown that over a million females between the ages of 5 
and to must have escaped enumeration ; and when 
aOowance is made for tbe^ the prohahle accurate total 
cpn^ 4Hit During Janiniry and the first 

days pf Febriwfy the tntrease was 118,532; 
so hegiftiktmg of ittx the population stood at 

From this cftart^^^point the following figures 
haVe tieto worked oat 


Y«ar. 

1878 

s 

j[88l 

i88a 

1S83 


KiiinW llwtnf 
St 

4s.s9p.98* 

4S.*a«.357 
44.879, SS3 

45,688, «o3 

. 4S.98p,9t3 


YcKr. 

1854 

1855 
ias6 
i 8$7 
1888 


Kuoibar livinj^ 

W ComiM«BCement. 
... 46.794,604 

- 479343*463 

••• 47.930:770 
... 48, 441.730 

... 48,480,586 


The mean number tiving during the ten years was 

46,478,714. 

The total area of the united provinces is given an the 
Census Report aS 706,104 square miles. The population 
is thus at tne prieseitt time a^ut 457 to the squa^ mile, 
including in the average the Himalayan prince of 
Kumaon, over l 2 poo square miles in areai, where 
the average density is less than 90 to the square mile. 
There is practically no export trade, except in agricultural 
produce ; hence the whole population is supported directly 
or indirectly by the agriculture of the province ; md there 
is probably no purely agricultural country in the 'world, 
except perhaps some parts ’of China, whete so den>e a 
populadon is maintained, ' ^ 

The birth* and death-rates and rate of increase or I 
decrease each year, calculated on the usual basis of 1000 ! 
living, are given in the next table. | 


highest birth-rate, showing that healthy conditions con- 
duce to fecundity as well as diminished mortality. An 
exception to this rule is, however, found in 1879, which, 
following a healthy year, should have had a high birth- 
rate, but. was marked instead by an exceptionally low 
one. The year 1878, though a dry and very healthy year, 
was one in which the vitality of the people reached a 
low ebb, owing to long -continued scarcity, approaching 
in some places to famine ; for, though few or none 
actually .died of starvation, millions were for many 
months at starvation-point. 

The annual rate of increase thousand, shown in 
Fig. 6, is probably the best possible measure of the general 
well-being of the people, combining as it does the effects of 
abundance or scarcity of food, which influence the birth- 
rate, with those of health and disease, on the 

death-rate depends. Curiously enough, this index of 
general prosperity or the reverse is much less liable to 
sudden nuctuations than the birth- or death-rate 41one, 
and yet, like the numbers represented by Ftg. 3, it is 
apparently subject to a periodic oscillation about a mean 
value. The length of tne period is probably something 
over ten years, since the last year gives a considerably 
greater result than the first, though it exhibits a down- 
ward tendency. It is therefore possible that the rate of 
increase of a primitive people, living a natural life un- 
trammelled by too much civilization, and multiplying up 
to the limit of the means of subsistence, may be subject— 
like the prices of grain, investigated by Mr. £. Chambers 
and the late Mr. Stanley -Jevons, and like many other 
terrestrial phenomena — to a periodic variation determined 
by that of the energy received from the sun. Assuming 
that there is a variation with a period of eleven years, 
the rates of increase charted in Fig. 6 lead to the 


Birth.Ratfl. 

Death- R 8 it«, 

Rate of IticrcR'^c 

35 •83 

••• ^‘‘12 

- 5 74 

38'33 

5288 

-I 6 S 5 

4054 

35‘37 

.;;s + i - i 7 

Si‘a6 

38*61 

+ i*'6s 

4689 

40'50 

+ f 39 

503* 

... 3278 

+ rt -54 

5»'97 

4 i' 3 * 

+ 11 '66 

49-35 

3 roa 

+ 1*33 

H ‘ l » 

“ 38*24 

... + 4 ’48 

45 - 8 * 

40*88 

+ f 94 

45 ‘40 

3991 

^'49 


Mean 

The btrth^rate, even in the worst years of the tdn, was 
as bigh as in England, while in the best years it was 
about 50 per cent, hi^er. The death-rate averaged 
nearly fbify per miUc, and therefore, notwithstanding the 
higb btnh-«^te, the population increased only at the rate 
of $‘5 thdpsand per annum. 

A gfamce at the annexed diagram will render the^e data 
mote ilitd()gib)e. Fig. i exhimts the movement of the 
totsd; population from year to year ; and the nearly straight 
line, a? whi* this movement ; would 

havjB hind h; proceeded pnllbyiply at the of 5 49 
per mjtBe |4w amt The cuh# hgs been competed by 
the *' 

aw 


from the 
, ly ordmstte for 
of; prdjfriates of 

the first two 
_ f^hihits the 
dr falls 
This is 



m 

the, 
lasf 
4 

At 

otheijp^^^ 


and 


if so, 
Slace the 
it. Fies. 
lively. 
Id each 
ine^pearly 
The yem of lowest dearh-^rate, 1880 


wert^ however, followed by the years of 


formula, r » 4‘576 -f- 11^35 shi )• This for- 

mula gives the^smtothly fibwing curve of Fig. 6, which 
coincides, as fairly sts may be, with the curve of actual 
variations. For the.mihimum epoch the formula jgives 
1 87873, and for the tnaxlnsum 1884*23, — dates which fall 
suggestively near those of the corresponding phases of 
solar disturbance. ; 

Into this interesting speculation it is impassitilc at 
present to enter further, beyond remarking, as was said 
at the beginning, that the increase of the popuktion 
during the last ten years was probably above.tne average, 
nnd too rapid to be maintained. . The hypothesis that it 
is subjkt to a variation iii the eleven-year period Ileads 
to the result that the mean for a long term of years 
is only 4*576 per (houpund, iaatead of ^‘49. Kow, m the 
Report cm the C^ria»9.hf the Census Officer, Mr. 
Edmund White;'N^4}cdlat|Bd /|hat the population, as re- 
ported, increae^ Oiw per thousand per annum 

between 1853 arid /wi j it is pointed out that this 

result waa vtrisued'by^noV^-estimation in 1853, when the 
i:idivid«iat .mombe(^i$f population were not counted 
by nan^3 bdt 01^ |Si[ia pml ouxnber oi each family was 
entered in the ebnm la the sixteen years from 

1865 to rfifif the M i;udff!ease was 4*48^ and as these 
years of gi;^ and bad, the 

rate near the fruth. It differs 

onlyW !# '^ fate given by 

the to the population 

might’ notwith- 
stanm^fM^jjlM da .tm soil. In the 

same' doe ^ dlstriltotioft cd the popu- 

lation ^ 39^5 per 

eOffictently closely with 
the 1 ^ :eondu«oii that the 

actually registered 

cannot . 

Fig. 7 shows the variations of the average rainfall of 
the province, for which the general mean of the ten years 
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was almost exactly 38 inches. Neither the birth-rate nor 
the rate of increase has any distinct relation to the rain- 
fhllj but there are very evident indications of such a 
relation as regards the rate of mortality. The first seven 
yell's witnesm great fluctuations in the rainfall, and 
tb^ were almost exactly parallel in the death-rates, the 
wettest years being those m greatest mortality. During 
the last three years, on the other hand, the death-rate 
increased s3ightl)r as rainfall diminished, and vice versd. 
Amongst the principal causes of death, cholera and 
snmll-pox vary enormously in their prevalence from year 
to year, these diseases being of an epidemic nature ; but 
the variations do not seem to be related in any way to 
the rainfall. On the contrary, those from endemic 
malarial fevers, represented by Fig. 8, follow the rainfall 
variations very closely, and they are the chief factors in 
the general mortality. 

In my former article, the death-rates from various 
causes were compared with the prevailing meteorological 
conditions, not year by year, but month by month. If a 
similar method be adopted with the statistics of the ten 
years now available, the conclusions arrived at in the 
former paper are fully borne out as regards all their more 
important points, only needing, in one or two instances, 
slight modifications in detail. 

The next table gives the total mortality for each month, 
computed as a rate per mille per annum, and also the 


rates for certain specified causes of death, which can in 
I most cases be recognized by the recording agency. In 
; computing these, the registered numbers have all been 
increased by an allowance for omissions similar to that 
given above. 


Month. 

TockI 

Monality, 

Pevon. 

Cholom. 

Small* 

pox. 

Suicide. 

Wounds or 
Acetdenu. 

January 

■ 327* 

25-64 

o-oS 

1-16 

0*032 

0*236 

February 

• 30-85 

22-95 

0*08 

**65 

ox>36 

0*255 

March 

■ 30*94 

22-26 

0*31 

2*71 

0*062 

0*276 

April 

. 38-26 

*546 

2-04 

479 

0087 

0*325 

May 

. 38 40 

35 SS 

3*32 

475 

0*080 

0*366 

June 

. 36*2^ 

24-12 

3 n 

3*20 

0083 

0*078 

0*508 

July 

• 31 '41 

20-88 

2- 50 

3- 08 

1 71 

0*543 

August 

• 3867 

26-94 

065 

0W7 

0*084 

0*535 

September 

45 27 

3439 

2^ 

2 OD 

026 

0*532 

October 

. 58*6o 

48-7? 

0*12 

0076 

0*404 

November 

• 54*67 

4607 

0*79 

0*18 

0*050 

0*276 

December 

• ny 

36-13 

o-t 6 

0*51 

_ 0*0^ 

0*228 

Year 

- 39 -90 * 

29-^ 


I '81 

0066 

0*374 


I This table shows how utterly insignificant as causes of 
I death are cholera and small- pox, the two most dreaded 
j diseases, by the side of fevers, which account for three- 
I fourths of the total mortality* 

The monthly mean values of the three chief climatic 
factors for the last ten years may be compared with the 
preceding figures. They arc : — 



Jan. 

Fab. 

March. 

April. 

May. 

June, 

July. 

At’ gust 

Sept 

Occ. 

Nov. 

Dec. 

Year. 

Mean temperature 

■ 59^4 

64‘S 

75*0 

85-7 

907 

0 

91*2 

85*0 

83 7 

8j*2 

77-8 

67-9 

60-3 

... 770 

Range of temperature 

... 27*5 

27*4 

300 

307 

27 « 

21*3 

I 3'9 

I 3 'l 

16 *0 

3S’3 

30-7 

28*9 

... 24*3 


Inches. 

Inches. 

Inches. 

Inche*. 

Inchei. 

Inches, Inches. 

Inches. 

Inches. 

Inches. 

Inches, 

Inchet. 

Inches. 

Rainfall 

... 087 

053 

0*56 

0*22 

0*84 

4*60 

11*91 

10*63 

6*07 

1*38 

o*o6 

0*42 . 

.. 38-09 


These are computed on the average of the whole province, 
exclusive of the higher hill stations. 

The relations of the rates of mortality to these climatic 
causes will be best seen from the curves marked Fig. 9 
to Fig. 16. The general death-rate, and that of fever 
mortality, which follows it closely, have two maxima in 
October and April or May, and two minima in July and 
February or March. The secondary maximum in May 
is a very important feature in the fever curve (Fig. 13}, 
but rises noticeably above the preceding minimum in 
Fig. 12, which represents the general mortality, owing to 
the influence of small-pox and, to a small extent, of 
cholera. The fatal prevalence of fever seems to be 
altcwether uninfluencra by the temperature (represented 
by Fig. 9), and its variations are almost exactly opposed 
in phase to those of the rainfall, shown in Fig. 1 1 ; but 
the maxima and minima nearly coincide in time with 
those of the daily range of temperature (Fig. 10). These 
statistics therefore confirm the general experience ijiat 
people are most subject to fever when the nights are 
chilly and the days hot If we neglect the secondary 
mmumam in the hot season, Figs, it and 13, represent- 
ing rain^ll and fever mortality respectively, will be 
obnerved to be almost identical in form, except that the 
latter is displaced thrtt spaces to the right. This means 
that malarial fevers are directly depen&nt on rainfall, in 
anpual variation as in the variations from year to 
ye^ ; but it .takes about three months in Northern India 
for the malarial conditions brought about by the rainfall 
(wbidi probably depend on the growth and decay of 
vo^tation) to attain full development. Dr. Mcldrum has 
shown, in several pf his annual reports, that in Mauritius 
the Mghest fever mortality foUo^ the maximum rainfall 
at au interval of about two months, and in Northern India 
a pandlpl nde seems to holdi exce^ that the interval is 
sluj^th^ longer. 

The meteorological condhiona predisposing to cholera 
arc evidently heat and moimure, the disease being more 


prevalent than usual during the whole hot season from April 
to October, and dying out in the winter. The cholera curve 
(Fig. 14), which is drawn on a scale four times more open 
than that for the total mortality, has two maxima in June 
and August, and a secondary minimum in July. In most 
years the first maximum falls in April or May, but it has 
been thrown forward to June in the average for the last 
ten years by the excessive mortality of last June, when 
over 50,000 deaths from cholera were registered. 

Regarding small*pox (Fig. 15), shown on the same en- 
larged scale as cholera, all the remarks in my former article 
hold good. This disease is at a maximum in April and 
May, and it diminishes rapidly during the rains, until it 
almost dies out in October and November. The condi- 
tions moat favourable to its spread seem to be a high wind, 
and very dry, or perhaps rather very dusty, air ; and the 
number of fatal cases may be almost exactly represented 
as a direct function of the wind velocity and the dryness 
of the air. This result is completely in accordance with 
all that is known about the cause and mode of propagation 
of the disease. 

Fig. 16 gives the annual vanation of the deaths by 
violence, including under this head both suicides and 
wounds. The curve is a very smoothly flowing one, with 
a distinct annual minimum at the coldest dme of the 
yeaf, a steady rise through the dry hot season, and 
relatively high ordinates throughout the rainy season. 
The scale of the curve is ttn times more enlarged than 
that of the cholera curve, or forty times larger than the 
scale of total mortality or fever ; but though this 
magnificatbn renders the annual variation visible, it does 
not reveal any iitegularlty except a slight increase in 
September, when, owing to a long “ break,” or the pre- 
mature cessation of the rains, the weather sometimes 
becomes very much hotter than in July or August. This 
September maximum is more distinct In the suicide ratios 
than in those of deaths from wounds. It appears, there- 
fore, that these fatalities from crime, instead of disease, 
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are distinctly sutsject to climatic causes, and the explana- 
tion given in my fbnner article, which attributes them to 
irritabnity of temper consequent on long-continued heat 
and moisture, is the best I can put forward. 

When the birth statistics are analyzed with reference to 
the annual peridd, results equally striking and curious are 
brought out The numbers registered, when tabulated 
month by month, corrected for the causes of error 
mentioned at the commencement of this article, and 
thrown into the form of average rates per thousand per 
annum, give the following table, in which also the 
monthly ratios, which are for nine years only, have been 
slightly altered as to make (he annual mean equal to 
that already found for ten years : — 


Month, 

Male«. 

Fcnia^ei. 

I'otol. 

Number of 
to 

January ... 

2267 . 

. 2 r 92 

44*59 

TOO FemaUs. 

... 103*42 

February ... 

22*31 . 

• 21*53 .. 

43 '^ 

... 103*67 

March 

23'72 . 

. 19*95 

40-67 

... 103*86 

April 

20 17 . 

. 19*30 

39 '47 

... 104*51 

May 

1846 . 

■ 1764 •• 

36-11 

... 104*65 

June 

18*12 

• i 7 ' 3 o •• 

35 '43 

... 104*74 

July 

2080 

■ 1970 •• 

40-50 

... K 5*59 

August 

25-81 
28*85 • 

, 24-72 .. 

50’ 5 3 

... 104*41 

September 

. 27 86 

5671 

... 103*55 

Octolicr ... 

28-30 . 

■ 27 ' 4 J 

SS 7 « 

... 103*25 

November... 

25*89 . 

. 2 S '*5 

5 > 04 

... 102*94 

December,.. 

55*36 . 

. 24-88 .. 

SO ‘24 

.. 101*52 

Year 

23*12 .. 

22-28 

45-40 

... 103*77 


From the existence of the }foli festival among the 
Hindus, and of similar spring festivals, accompanied 
with lascivious songs and dances, among many bar- 
barous tribes, as well as from the traces of such festivals 
still surviving in Europe, and the hints given by classical 
writers regarding the nature of certain annual religious 
mysteries performed by the early Greeks and Romans, 
anthropoli^ists have thought that possibly, dunng pre- 
historic times, the human species, like the lower animals 
in a state of nature, had an annual pairing-time. If any 
traces of such a condition still survive, we may with some 
confidence look for them in India, where a large number 
of the poorer classes are chronically on the verge of star- 
vation, and the different seasons are sufficiently marked 
in character to affect people differently both in body and 
in mind. The birth-rates in the above table, represented 
by Fig. 17 in the diagram, exhibit a most distinct annual 
variation, smoother and more uniform in character than 
any of the mortality curves, and with a range equal to 
nearly 50 per cent, of the mean value. The minimum 
falls in June and the maximum in September, — dates 
which point to a maximum of conceptions in December, 
and a minimum in September. The latter month is near 
the end of the long and depressing hot season, when 
malarial influences are rapidly increasing to a maximum, 
the food-supply of the year is nearly exhausted, and there 
is the greatest tendency to suicide. I'he births, as well 
as the deaths, therefore, show that at the end of the 
rains the vitality and energy of the people have reached 
low-water mark. 

In December, on the other hand, not only is the 
salubrity of the country greatly increased, as shown by 
the rapid diminution of nearly every cause of death, but 
food is again cheap and abundant. The crops of millet, 
on which the poorer classes live, arc sown in July and 
reaped in November. During December and the latter 
half of November they are threshed out, and then is the 
season for paying the village functionaries and labourers 
their share of the produce. Consequently food is more 
abundant at this time of the year than at any other, and 
as a result of these conditions we find a large number of 
births the following September and October. 

It thus appears that among the poorest of the popula- 
tion there is probably still a more or less distinct annual 


reproductive season, but instead of being determine by 
the returning warm^ of spring, as must have been the 
case in prehistoric Europe, it follows the annual return of 
healthy conditions with abundant food-supply. That the 
HM festival occurs in spring, instead of in December, is 
perhaps to be accounted for as a survival from a time 
when the ancestors of the Hindus lived in a cokt^ 
climate. 

In the last column of the table are given tbe monthly 
values of the ratio of males to females at birth. This 
appears to be subject to a small but distinct annual 
variation, with a maximum in July, and a minimum in 
December ; but whether this is a remote and obscure 
physiological effect of the annual march of the seasons, 
or only a chance arithmetical result, I cannot say. 

Allahabad, February 8. S. A. HlLL- 


ON THE ORBITS OF AEROLITES} 


M y studies have led me to the following three 
propositions : 

1. The meteorites which we have in our cabinets and 
which were seen to fall were originally f.as a class, and 
with a very small number of exceptions), moving about 
the sun in orbits that had inclinations less than 90^ ; (hat 
is, their motions were direct, not retrograde. 

2. The reason why we have only this class of stones in 
our collections is not one wholly or even mainly depen- 
dent on the habits of men ; nor on the times when men 
are out of doors ; nor on the places where men live ; nor 
on any other principle of selection acting at or after the 
arrival of the stones at the ground. Either the stones 
which are moving in the solar system across the earth's 
orbit move in general in direct orbits ; or else for some 
reason the stones which move in retrograde orbits do not 
in general come through the air to the ground in solid 
form. 

3 The perihelion distances of nearly all the orbit.s in 
which tjie^e stones moved were not less than 0*5 nor 
more than r’o, the earth s radius vector being unity. 

The first and thirds propositions are limited strictly by 
their terms to the meteorites from stone-falls actually 
witnessed, and also represented by specimens in some one 
or more of existing collections. The investigations that 
have led to them have been limited to the same stone- 
falls. This is not because any line of separation is sus" 
pected to exist astronomically between the stone-furnishing 
and detonating meteors, or even between them and the 
shooting stars, but because, for manifest reasons, any facts 
established about these stones have a greater value than 
similar facts about meteors from which no stones have 
been secured. 

About 265 observed falls arc represented by specimens 
in existing collections. The history of these falls I have 
searched out with no little pains, so far as the material 
for such history could be found in books accessible to me. 
Every direct statement and every indirect indication 
which I Itave obtained about the paths of these meteors 
through the air have been carefully considered, and their 
meaning and vahie duly estimated The determination 
of the path of a stone-furnishing meteor through the air 
is greatly aided by the fact that we know at oftcc one 
point of the trajectory, viz.: the point where the stortc 
strikes the ground. To this fact may usually be added 
another, viz,: that some of the observations ate .by 
persons near the place of fall, and hence their statements 
of direction, so far as wc may trust them, have peculiar 
significance. In individual cases it will be found that not 
much reliance can be pbiced upon the asserted d^hree^on 
of the meteor's motion. But when the results at# 


. *' Upon til* wladon which the 
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coflftted there is such a general agreement in support of 
the first and third propositions set forth above that I am 
ve^ confident that they are true. 

The orbit of a meteoroid about the sun is wholly given 
when we know these three things, the time when it enters 
tihe air, the direction of its motion, and the velocity. The 
Vtlpcity cannot be easily measured directly. Hut the 
connection between meteors and comets will be assumed 
fts fully proven. The velocity of the meteoroids (neglect- 
ing the increase due to the earth^s attraction), ought then 
to be that of the comets, at the same distance from the 
5tt», The greatest cometary velocity at the distance 
unity is *^2, the earth's velocity being unity. The 
smallest velocity for any known comet is that of Encke's 
comet, which at the eartli^s mean distance from the sun js 
1*244. It seems safe, therefore, to assume that the 
meteorites we are considering had velocities relative to 
the !*un n(*t greater than 1*414, nor le.ss than 1*244. 

The direction of a meteors motion through the air is 
to be determined solely by the evidence of observers of 
the stone-fall. 'J'his evidence needs to be carefully 
collated, especially when statements apparently conflict. 
A judicial temper of mind must be preserved in estimating 
the meaning of the statements, Jest the evidence be 
twisted to the support of some preconceived notion. 
Knowing the danger, 1 have tried to keep my own mind 
free from bias. 

We need not know the exact day, but we must know 
the time of day of the stone-fall, else the direction 
through the aif cannot be used. This throws out about 
one-fifth of the total number of falls named above,* 
there being no statement of the tim? of day of the fall 
attainable. There are left 210 different cases avadabic 
for use. For <>4 of these there is no reliable slalcmentof the 
direction of the motion of the meteor. Wc know only thj 
day and the hour. Even this, however, is of some value, 
since we know that the meteor must have been moving 
downward at the place of fall ; that is, from some point of 
the licavcns then al)ove its horijion. For u6 siune-falls 
the direction of the motion of the meteor is more or less 
definitely indicated by the statements of observers, or by 
the statements of those who have inquired into and 
reported the facts of the falls. 

We may then divide the observed stone falls into thtee 
groups wliicli wii! be separately considered; (r?), 116 
falls for which wc have statements as to the direction of 
the path through the air ; (/), ^4 falls of which we know 
the lime of day ; (c), so or more falls of which the history 
is loo seamy To give the time of day. 

There is frequent occasion to speak of two points on 
the celestial sphere for which the English language has no 
good names. These are the point bom Tvhich a body is 
moving, and the point to which a body is moving These 
tl^o points are opposed to each other, as north is to south, 
east to west, zenith to nadir. 'J'he words quit and i^oai 
will be used to denote these two points. The earth's quit 
is that poiat of the ecliptic from which the earth is 
moving, x\\et earih's goal that point to which the earth is 
moving ; the one being about 90' ahead of the sun in the 
ecliptic, the other 90'' behind it. A vtet tor's quit is that 
point of the heavens from which the meteor is moving ; 
ite^ goal that point of the heavens to which it is moving. 
The motion may be that relative to the earth, in which 
case the poi.u of the celestial sphere from which it is 
moving is the meteor's retaiive quit. Thus the relative 
<mit of a meteor when it is entering the airmust be above | 
the horizon of the place of entrance, inasmuch as the 
meteor must be moving downward. If a meteoroid’s 
motion be corrected for the earth’s motion the direction 
of its absi/iute motion about the sun is obtainct^and Chen 
the two points of the celestial sphere from which and to 
which the meteoroid is moving are its absolute quit and 
\%%abtoiuti goaL 

The observations have been treated graphically. They 


do not demand nor do they admit of greater accurary in 
methods of discussion than can be used in graphic processes, 
and these processes have many advantage's over numerical 
computations. A stereographic projection of two hemi- 
spheres was prepared and printed, upon which there were 
three sets of coordinate lines from three sets of poles. 
The three sets of points were the angles of triquadramal 
triangles. Thus the lines were drawn to represent at 
intervals of 10“ the distances and d.iecuons from the 
poles P, P, S, E, and G, Q, (Fig. t). In the engraved 
figure these coordinate liines are omitted. 7 'he common 
diameter of the two hemispheres E S E was made to 
represent the brliptic, and the sun was placed at the 
centre or at the edge of one of the herrispheres. The 
points P would then be the poles of the ecliptic, and if S 
be the place of the sun the eartli's quit will be and the 
earth's goal G. 

To treat any single meteor a large celestial globe was 
first set for the time and place of the fall. Upon the 
globe the celestial latitude and longitude of the zenith 
and of the west-point were then measured. The day of 
the year gave the sun’s longitude. The zenith and west- 
point could then be marked upon the chart, after which it 
was easy to draw the circles repiesenting the meridian 
and the prime vertical. The stereo-graphic projection 
was peculiarly advantageous in this work as all circles 
are represented b)- circles, and angles are conserved in 
the projection. 'I'lie effort was then made to mark upon 
tlie chart the meteor’s relative quit as accurately as tJie 
observations permit, or rather to describe an area within 
which the quit was probably or certainly located 

Some of the 116 meteorite quiis have been heretofore 
fairly well determined by other persons, or they can be so 
determined. This is the case with the meteors of Agram, 
Weston, Orgeuil, Puitusk, Iowa, Rochester, Ksthcrville, 
Krahenbcrgq Khaiipur, V'cnclome, etc. For other cases 
wc aie able by comparing the various statements of 
observers to locate approximately tlie relative quit. But 
for a considerable number of the falls we have to be 
j Content with the sim; le statement that the stones came 
from the north, or fiom the northeast, or from the south* 
southeast, or from some other similarly defined direction. 
When this has been the case I have taken a point 20'* 
above the horizon in the direction mdiraled, and con- 
sidering this as tile centre of an area of considerable size 
within which the quit was probably located, have treated 
tlie point itself as the meteor’s quit. 

'Phesc observations of direction in some cases will be in 
error, or will be |)ervertcd in leporiing, as every one wdio 
has tried to reconcile numerous accounts of a meteor has 
impleasanily learned. But w'hen the statements have 
come from persons who saw the stone.s come down, they 
are usually of much moic value than similar reports about 
01 dinary meteors. Jn any case when the reports are 
single they must be taken for what they are worth. I 
have plotted them as given. 

In several notable instances where there are full 
accounts 1 liave not been able 10 accept the conclusions 
heretofore arrived at as to the direction of the meteor’s 
path. Thus, Dr. Bowditch made the path of the Weston 
meteor to be from north to south and parallel to the 
horizon. I make it to have moved from a point N. 40' 
W , 55^ high. The Cold-Bokkeveld meteor was described 
by Sir Thomas Maclcar as moving from the west- north- 
west, It apparently moved in the opposite direction ; 
that is, from tne east- south-east. The rAigle meteor was 
described by M. Biot as moving from the south-south- 
east, w'hereas it is well nigh certain that it came from the 
north-west. In like manner the Siannern meteorite was 
assumed by von Schreibers to have come from the north- 
north-west, whereas there are reasons of great weight for 
believing that it came from the opposite direction. 1 
may aad that these and other like changes are not 
made under any pressure or bias to prove my proposi- 
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tions. In fact three of the four changes just named 
make the evidence for my conclusions weaker instead of 
stronger. 

In the treatment of the observations several quantities 
have been neglected as not large enough to be comparable 
with the probable errors of the observations themselves. 
T^us the effect *of the carth^s attraction in changing the 
direction of motion » or what has been called the zenitkal 
attraction of the quit, has been allowed for only in a 
general way. So the earth’s quit and goal arc treated as 
being exactly 90" from the sun ; or, in other words, the 
earth’s orbit has been treated as a circle. In like manner 
the motion of the place of fall due to the earth’s rotation 
on its axis has not been taken account of. 

Having located upon the chart the meteor’s relative 
quit we have next to construct its absolute quit. This 
evidently lies on the great circle Joining the relative quit 
to O (Fig. i), which, when the sun is at S is represented 
on the chart by a straight line through Q, together with 
its corresponding line through G. When the absolute 


vdocity of the meteroid in its motion about the sun is 
given, the place on ^is circle of the absolute quit can be/ 
determined by combining by the parallelogram of velocitieiii^ 
the motions of the earth and of the meteoroid. The ^ 
following table is an abstract of a larger one used in /f 

reduction, and is constructed for the limiting velocil^: v I 
i' 4 i 4 and 1-244 '.f 

Tabu showing the Distances from the Earth's Quit to the 

Quit of a Meteoroid for Different Distances from the Eari0e 
Quit to th^ Relative. Quit of the Meteoroid* 

Distanci! from Q to relative milt. Distance from Q to absoitite , 

^ ^ ^ w =3 1 4/4. r; = I’aiirt':, 

30" 9''*3 ^*'5 ^ > 

60 22*1 15*8 f 

go 45-0 36‘s " *: 

120 82! 75*8 

*50 129-3 ||6‘3 

I So 180 0 tBo’O. 

In the following constructions the maximum velocity of 
the meteoroid has been used. When the meteoroid’s 



relative quit is known as a point the absolute quit is at 
once constructed. If, however, we have an area within 
which the relative quit is probably located we may mark 
off with equal facility points on the boundaries of the 
area within which the absolute quit is probably located. 
If the former area is a circle the latter will be an oval. 
The centre of the circle does not correspond exactly to 
the centre of the oval, but by applying a correction to the 
table the centre of the oval absolute quit area can be 
directly constructed from the centre of the circular 
relative-quit area. 

In Fig. r I have given in a single diagram constructed 
ona stereographic projection, the results for 1 16 stone-falls. 
The best determinations which the accounts admit of for 
the meteor’s direction were first made out. Then the 
centre of the probable quit area in each case was assumed 
to be the actual quit. When only the quarter of the 
heavens from which the stones came is stated the centre 
of probable area was taken 20® above the horizon. Inter* 
preted thus, the stars in Fig. i represent the places of the 


1 16 absolute quits relatively to the place of the sun, S, and 
to that of the earth’s quit and goal, Q and G. 

Let us denote any one of these quits (or stars), by the 
letter The elements of the orbit in which the 
corresponding stone was formerly moving can be easily 
obtained from the projection. The earth’s longitude on 
the day of fall is the lonmtude of the node. The angle 
^SQ is the inclination of the orbit *o the ecliptic, and lU 
amount is at once read off on the projection. The orbit 
has been assumed to have been a parabola. Hence, twice 
the complement of was the angular distance of the 
atone from its perihelion. If > 00®, the perihelion 
l^d not been reached ; if < 90, the perihelion, had 
wen passed. The perihelion distance was sin*QS. If, 
however, it be assumed that the orbit was a long ellipse 
of given major axis, the place of the absolute quit, 
moves somewhat nearer to Q along the lioc^^Q, the angle 
in the plane of the orbit from perihelion was a little more 
than twice the complement of ^S, and the perihelion 
distance somewhat less than sin^S. But a)l tl^ 
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quantities are easily computed in terms of the assumed 
jiajor axis. With a semi-major axis as large as 5 the 
ange in Fig. 1 would not be so considerable as to 
»dify any conclusions we can deduce from the grouping 
^Ithe stars. 

Vvl3be most noticeable fact revealed by the figure is the 
Mf^l^ring of the stars about the point Q. All but seven 
meteor quits are in the Q hemisphere : that is, 
orbits whose inclinations were less than 90^ One 
Jrondredand nine followed the earth, seven met it. Ap^ain 
, the two lines STE are drawn to represent circles inclined 
35* j6 the ecliptic. More than two-thirds of the meteor 
lie between these two lines ; hence, over two-thirds 
orbits were inclined less than 35"’ to the ecliptic, 
motion being direct. 

" It should he said that this clustering of the points near 

S is ^omeWhat exaggerated in the figure by the nature of 
e stereographic projection. The scale of distances near 
Q differs from that near the circumference. But this does 
not affect the distribution between the hemispheres. 


It has been assumed that certain centres of quit areas 
were themselves the quits. Can the condensation of the 
quits near Q have been caused in any way by this 
assumption ? Or, is it possible that general errors of 
observation, or inaccuracy of reporting, could have been 
the cause ? To answer this question let us suppose that 
there had existed a law that led to condensation of the 
relative quits in any manner whatever. The effect of the 
errors of observing or reporting, and also the effect of the 
assumption above stated, would be toward scattering 
these relative quits over the heavens more equably, and 
thus masking tnedaw. Then when the relative quits thus 
unduly scattered are reduced to absolute quits there 
might be as a result a tendency towards condensation 
near Q. If, however, we draw the circle TT, enclosing 
those absolute quits whose relative quits are in the hemi- 
sphere next Q, the general tendency of the errors in 
question would be towards equalizing the number of 
absolute quits within to those without the circle TT. 
Now", the number of stars is nearly twice as great within 



as without the circle. The condensation about Q, showit 
in Fig. I, exists therefore in spite of, and not in con- 
sequence of, these errors. With a good deal of confidence 
do 1 conclude that these 116 meteors were, as a class 
and with probably a very few exceptions, before 
coming into the air following the earth in its orbit 
about the sun. 

Another fact of great interest is also shown by the 
Rouping of the points in Fig. i. In fi^ncral these stones 
did not go in their orbits very near to me sun. Assuming 
that the orbits were parabolas we have for all the stones 
whose perihelion distances were less than one-half, 
sin^Sc^. If there be drawn circles, AA, AA, 45" from 
S flmd from £, then will all the stones whose absolute 
quits were in the central tone, A P PA A A which is bounded 
by the circles A A, have perihelion distances grcatci;than 
one-half and less than unity. Of these there are 103 out 
of a total If the same orbits assumed to have 
«ad semi-major axes equal to 5, then the circles A A 
would have to be drawn a fraction of one degree farther 


from S and from E to serve as the limiting curve to orbits 
whose perihelion distances exceed one-half. 

It appears from Fig. i that these 116 stones were, with 
a few exceptions, following the earth in their orbit about 
the sun. This could happen from either one or more of 
three possible causes ; 

Firstly, that nearly all the stones in the solar system 
are moving in direct orbits, very few in retrograde orbits ; — 
Or, secondly, that stones moving in retrograde orbits 
for some reason, as for example their great relative velo- 
city, may not have been able to pass through the air and 
to reach the ground in solid form 
Or, thirdly, that stones movii^ in such retrograde 
orbits, and coming through the air, may be falling while 
men sleep, or for some li^ reason may fail to be found. 
In other words, the effective cause rtiay work above the 
air, in the air, or below the air. 

Let U5 assume, as an hypothesis, that neither of the 
first two are the true causes. In that case we should have 
the stones moving in every direction as they cross the 


254 


NATURE 


[ynfy ti, 


earth’s orbit. There should be about as many orbits 
having retrograde motions as direct motions. Hence the 
absolute quits of all stones coming into and hence, by 
hypothesis, coming through the air, should be symmetric- 
ally distributed in their longitudes relative to the sun. 
At least there should be as many absolute quits in the 
G-hemisphere as in the Q hemisphere (Fig. i). Take 
account now of the earth’s motion and locate the relative 
quits. All these stones whose absolute quits lie outside 
of the circle T T will have their relative quits in the 
G-bemisphere. Upon the hypothesis of parabolic orbits 
And of an equable distribution of the absolute quits over 
the celestial sphere the number of relative quits in the 
G-hemisphere should be to those in the Q-hemisphere 

as I + cos ^ ; z - cos ^ , or as Z7 ; 3. The relative quits 
4 4 

should then be much more numerous in the G^hemi- 
sphere than in the Q-hemisphere. 

Furthermore, suppose that the heavens visible at a given 
time and place, are divided by a vertical circle into two 
halves ; and suppose that this vertical circle is at right 
angles to the plane containing the zenith and the earth’s 
quit and goal That half of the visible heavens that lies 
towards the earth’s goal may be called the goal- half, the 
other half may be called the quit-half of the visible 
heavens. In any given period tliere should evidently be, 
under the several hypotheses stated, many more stones 
coming into the air and reaching the ground directed 
from the goal-half than there should be directed from the 
quit-half of the visible heavens. Still further, since this 
proposition applies 10 any epoch whatever, we may apply 
it to 116 periods covering the limes of the 1 16 stone-falls, \ 
tiiat IS, to the 116 stone-falls themselves Many more of j 
these should (under the hypotheses stated) have come | 
from the goal-half thiin from the quit-half of the visible 
heavens. 

If, then, the relative quit of each of these 1 16 stones is 
supposed to be earned around in a/.imuth 1 80^', the altitude 
being un< hanged, the 116 distances from each new place 1 
of the quit to the earth’s quit for the epoch of the fall 
should, in the average, l)e decidedly less than the cor- 
responding 1 16 distances from the actual relative quits to 
the earth’s quit. Th'is should hold true (under the hypo- 
theses stated) no matter what causes below the air may 
have occasioned the selection of the 116 epochs. The 
fact that more persons are broad in the evening hours 
from 6h. to loh. p.m , than in the corresponding morning 
hours., 3I1. to 6I1. a.m., may well cause that more stones 
should be secured in the evening than in the morning 
hours. In the evening hours the earth’s quit is above the 
horizon ; in the znorning hours the earth’s goal. It might 
easily be that we should for this reason get more stones 
of direct than of retrograde motions. Hut the above 
criterion is entirely independent of any such principle of 
selection of the epochs. A change of the azimuth of the 
quits through 180” should cause a larger number of them 
(under the hypotheses staled) to approach the earth’s quit 
than to recede from it. 

I have marked off upon the working sheets the position 
180“ in azimuth from each of 1 1 5 relative quits, the altitude 
being unchanged, and measured the several distances 
from the earth s quit. (One fall, Nedagolla, was unavail- 
able). The following is the result. In 44 cases the 
TO^eor’s quit by the change approaches the earth’s 
^uit : in 70 cases it approaches the earth’s goal ; in one 
it remains unchanged. That is, instead of a very large 
major. ty of the quits moving towards the earth’s quit we 
hawc nearly two-thirds of them moving the other way. 
In the reversed position, moreover, we should have had 
3? -aibsolutc quits in the G-hemisphere instead of 7. These 
numbers show very decidedly that the hypotheses made 
above are not true. The principle of selection is not 
utUmly below the air, and the numbers testify so markedly 


against that hypothesis that 1 feel warranted in additq^ 
that the cause is mmnly either above the air, or im 
the air, 

Between the first and second causes named the mat«ri|ll8| ^ 
used for the present discussion do not furnish a , 
critical test. But if, as I believe, the Stannem stone canto 
from the south, we have at least one instance of 
coming into the air with a velocity of nearly, or r 

miles a second and reaching the ground in sohd 
About twenty-five of the quits in Fig i imply velocilm 
of not less chan 35 miles a second on entering the ftir. 
Large velocities do not seem to be entirely fatal to^ the 
integrity of the meteorites. 1 believe that the first caus^ 
was the dominant one rather than the second, yet for tt 
crucial test of the two causes, if one can be found, 
must look to a class of facts other than thoM we 
been considering. ' 

We are now in position to consider the other ninety- 
four stone-falls. In Fig. 2, the construction of which is 
similar to that of Fig. i, the stars mark the zenith points 
for each time and place of the ninety-four falls. A grouping 
is at once noticeable. They are nearly all in the northern 
hemisphere, since the observing peoples live there. Those 
stars in the hemisphere of which S is the pole, that is 
between the two lines P P and P P, are evidently daylight 
stone falls, since S is above the horizon for each case. 
These constitute about seven-eighths of the whole 
number. The reason for this predominance is manifest. 

In the night men see the fireball or the train, whereas in 
the day the first intimation of the stone fall is usually the 
hearing of the detonation two or three minutes after the 
fiieball has disappeared. Hence, daylight stone falls are 
those whose directions are less likely to be observed, and 
these ninety-four falls are the ones of which the directions 
are unknown. 

It will also be seen that there are nearly twice as many 
in the Q-hemisphere as in the G-heinisphere ; lhac is, there 
are nearly twice as many that fell when the earth’s quit 
was above the horizon as there were when the earth's goal 
was above the horizon. In general, the former were after- 
noon stone-falls, the latter forenoon stone-falls. Now the 
habits of the urban population have not much to do with 
these daylight meteors, for the fireballs were not seen. 
The accounts come from the country, where the stones in 
general have fallen, and about as m my people are there 
abroad in the forenoon as in the afternoon If stones 
came to the ground as often from retrograde as from 
direct orbits we ought apparently to have had very many' 
more zeniths in the G- hemisphere than in the Q-hemi- 
sphere. The contrary being the fact of experience we 
may reasonably say that the ninety-four stone-falls, about 
which we know comparatively little, Seem decidedly 
to follow the same laws as the 116 faljs about which we 
know so much more. 

This conclusion is greatly strengthened if we take 
account of the effect of the earth’s attraction in carrying 
the meteoPs quit toward the zenith. Any stone must be 
moving downward when it enters the air. But the earth’s 
attraction must change the direction of its motion during 
the approach to the earth. Hence the region of the 
heavens from which a stone can approach the earth is not 
bounded by the actual horizon, but by a curve which may 
be treated as a depressed horizon. This depression ttf 
the horizon is far greater toward the quit than toward the 
the goal side of the horizon. The maximum depression 
for a stone moving in a parabolic orbit is about it 
hence follows that when the zenith is more than jy and 
less than 90*^ from G, both the points G and Q are above 
the depressed horizon, and therefore that tne 14 IkUa 
whose zeniths are between these limits, that is, ate 
tween the circles A A and PEPS, Fig. 2, should 
out of the count. The corresponding region on tbsr; ^* 
hemisphere is less than one degree in breadth, and 
tains one zenith point. We have left only ao falls 
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earth^s goal alone was above the depressed her i ton to 
'pt compared with 59 falls when the earth's quit alone 
above the depressed horizon. 

Of tbc 50 observed falls constituting the third grroup, of 
'Which the hour of fall is not stated, very few particulars 
HOther than the fact of fall are known. Although we are 
left without the power of saying that they indicate the 
law as the other 3io falls, we find at the same time 
m reason to suspect the contrary. It is not unreasonable 
to assume that the well observed stone>falls are good 
representatives of the whole group, and to affirm the 
three propositions with which I set out as true, in general, 
not only for the 210 stone-falls of the first two groups, 
bttt for the whole 360 stone falls which arc represented by 
ftones in our cabinets, and in which the stones were seen 
or known fall. 

It also seems a natural and propter corollary to these 
propositions (unless it shall appear that stones meeting 
the eailh are destroyed in the air), that the larger 
meteorites moving in our solar system are allied much 
more closely with the group of comets of short period than 
with the comets whose orbits arc nearly parabolic. All 
the known comets of shorter periods than 33 years move 
about the sun in direct orbits that have moderate inclina- 
tions to the Ecliptic. On the contrary, of the nearly 
parabolic cometic orbits that are known only a small pro- 
poition of the whole number have small inclinations with 
direct motion. 

It also follows that in future reductions of these stone-fall 
observations it will be better to assume that the velocity 
of the stone in its orbit was not that velocity which corre- 
sponds to a parabolic orbit, but that which corresponds to 
the mean orbit of the comets of short period. The 
largeness of the perihelion distances has an evident 
bearing also upon the idea that these stones form the 
fuel of the sun. 

. The presaitation of the argument here made has been 
incomplete in that the details of the investigation of in- 
dividual stone-falls have been entirely omitted. Some of 
the determinations of the paths are, 1 think, as complete 
as I can hope to make them. Rut others must be 
regarded as provision'll, since I hope to secure respecting 
them additional data, I hope at some future time to give 
a complete discussion of all these observed stone-fails. 
In the past I have been greatly indebted to friends for 
aid in collecting accounts of the fails, and I heartily 
thank them therefore. 1 shall be very grateful also in 
the future for unpublished observations of the stone-falls, 
as well as for observations that have been so published as 
not to be likely to have attracted attention. I bespeak 
the kindly aid of any who have made or have collected 
such observations. 


NOTES, 

At the time of the Paris Exhibition in 1889, several scientific 
congresses will assemble in the French cnpiial— congresses of 
zoolpgy, antliropol igy, physiology, electricity, dermatology, 
hy^ne- The exprcs'tes a hope that the great 

congress of electricity in i88x may W taken as a model for all 
these aabetnbMfs ; that attempts will be made, as far as itossIWc, 
to establish aiuformlty in scientific itomenetatuce ; that men 
of science in other countries will not allow themselves to be 
deterred by international jealousies from being adequately repm- 
stoted at meet whose proceedings will r^ate to matters of 
universal 

ATiha next tneeriilg of the Brttkb AssooUuUm there wUl be a 
diseuastoa k Seetkn D on the vexed question of the forenotkm 
of akat reeife. The discussion wfll be opened % Dr. Sydney J. 
Hlkdoioia* 


On Tuesday evening Mr. W. IT. Smith, speaking of the 
measures with which it would be im|>oRHiblc to deal during thfe 
present Session, announced that the (Government had decided to 
drop the Technical Instruction Bill. He deeply regretted that 
this was necessary, ** but perhaps,” he added, “ there may not 
be much loss of time, as the Royal Commission on Elemen ary 
Education will report shortly on the whole question, and it will 
he interesting and convenient to the House to have that report 
before it before attempting to legislate on the subject.” 

A Conference qf the Executive Committee of the Kational 
Association for the Promotion of Technical Education and re- 
presentatives of branches .and co-operating associations was 
held last Saturday afiernoon at the Society of Arts, After- 
wards the first annual meeting of the Association was held. 
Lord Harrington presided, ami delivered an able and interesting 
s{^ch, showing how the establishment of a proper system of 
technical instruction has been rendered absolutely necessary by 
the condiiionB of modem industrial development. 

The anniversary meeting of the S.anitnry Institute of Great 
Britain will be held to-day at 3 p.m. The chair will be taken 
by Mr. Edwin Chadwick, C.U. , who will present the medals 
and certificates awarded to the exhibitors at the exhibition held 
at Bolton. Dr. B. W, Kichaulson, F.K.S.,will deliver an 
address, entitled, The Storage of Life a-; a Sanitary Study.” 

On Thursday, the 5th inst., Prof. Stokes distributed the 
prizes to the students at the Medical School, St, Thomas’s 
Hospital. In addressing the students he said that he need not 
iemind th^m that diliifrncc Mas the great road to success, and 
urged that it was a duty to work for our fellow -creatures as 
well as ourselves. He thought that the tw<. noblest ])roressionB 
were those, one of which assisted in the rectification of man’s 
character and the other in alleviating the results of disease. In 
the exercise of the medical profession our best feelings were, he 
thought, called forth. 'I'he best foundation was a general liberal 
education, and although those branches of science which bear 
directly on medicine might be separated from their practical 
application, they were in themselves most inieresimg, and, when 
studied for their own snkes, were excellent mental training. He 
was glad to hear from Di. Ord that Sr. 'J'homas’s students 
were successful in athletics, as the cups exhibited testified. 
In the necessarily sc<lentary life of a medic.a) siwlent exsrcise 
and relaxation should not be neglected, and students did well to 
study the use of their muscles in athletic pursuits. Sir John 
Simon, on behalf of the Governors of the Hospital, thanued 
Prof, Stokes for distributing the prues, and referred to- the high 
position attained by Prof. Siokes, who, as PrcsideiU of the 
Royal Society, and representative in Parliament of the Univer- 
sity of Sir Isaac Newton, might be s-aid to have gained the best 
(Hissible prize, but hinted that the happiness of life consistetl In 
its endeavours rather than in its prizes. He concluded by allud- 
ing to the retir<?ment of Dr. Ord, uhose services as Dean of the 
Medical School daring the past twelve years had been, he felt 
sare, miuch aj>predate(l t»y the (io'/ernors of the Hospital, by 
the medical and surgical ataff, and by the students. 

The French Minwtef of Public Instruction has authorized the 
foliowring scientific trkwlonH; — M. Georges Martinis entrusted 
whh a miseion to Svfedeh and Norway, to sturiy the differwit 
educational questions; M. Henry Meyners d’Estrey is sent to 
explore the monntaiiiiCHn districts of Scan linavia, and to sotdy 
ceriain qoestkdx cofineeted with ethnography and anthropology ; 
M. Gaston AngeWy, civil engineer, gries to explore the tract 
of country between Lake NytvuM and the coast of the Indian 
Ocean, and to visit saere parricutariy the basin of the river 
Royaprve, 

The Mnsde Gulnaet in Paris, which contains specimens- of 
M grext aunri>er of ohjws used in religious ceremonies, #ae 
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nominally opened some days 8go« It will not, however, be 
ojpened to the public for several months. 

The meeting which will shortly be held in Paris for the study 
of tuberculosis, under Prof. Cbauveau's presidency, promises to 
be very interest]^ and successful. 

The International Congress of “Americanists’* will hold 
its seventh session in Berlin from October 2 to 5 next. The 
ofganizing committee has just issued the programme. The hist 
day will be devoted to questions relating to the discovery of the 
New World, to the history of America 'before the time of 
Columbus, and to American geology ; the second to arcfaeeology ; 
the third to anthropology and ethnography ; the fourth to 
philology and palecography. 

It Is proposed that an exhibition, to be called the “ Three 
Americas Permanant Exhibition,” shall be established at Wash- 
ington in 1S92 as a memorial of the discovery of America by 
Columbus. Both Houses of Congress have expressed approval 
of the scheme. While the 'subject was being considered by the 
House Committee on Commerce, Major J. W. Powell, director 
of the U.S, Geological Survey, pointed out, in an interesting 
address to the Committee, the benefits that arcbseologists would 
be likely to derive from such an exhibition, and the importance 
of securing without delay the necessary materials. 

We have received the volume containing a report of the j 
Proceedings of the thirty-sixth meeting of the American Associa- 
tion for the Advancement of Science, held at New York in 
August, 1887. Among the more interesting contents of the 
volume is the address of Dr. Daniel G. Brinton, vice-president 
of the Section for anthropology. In this address Dr. Brinton 
presents a comprehensive review of the data for the study of the 
prehistoric dironology of America. Speaking of physical 
characteristics, he says that although the anatomy and physiology 
of the various American tribes present great diversity they also 
display a really remarkable fixedness oSrtype. No observer well 
acquainted with this type could err, be thinks, in taking it for 
another. “ Darwin says that the Fuegians so closely resemble 
the Bolocudos [of Brasil] that they seemed members of the same 
tribe. J have seen Arawacks from Guiana who in the north- 
west would have passed for Sioux.” According to Prof. J. 
Kolliqann, the results of whose researches on this subject are 
accepted by Dr. Brinton, the essential physical identity of the 
American race is as extended in time as in space. Prof. Koll- 
mann has analyzed the cranioscopic formulas of the most ancient 
American skulls, those from the alleged tertiary deposits of the 
Pampas, that obtained from Rock Bluff, Illinois, the celebrated 
Calaveras skull from California, and one from Pontemelo in 
Buenos Ayres of geologic antiquity. The conclusion at which 
he arrives is that the earliest Americans^ — those who were con- 
temporaries of the fossil horse and other long since extinct 
quadrupeds— possessed the same racial character as the natives 
of the present day, with similar skulls and alike physiognomy. 

On Monday the atmosphere in the Channel became so rarefied 
that objects could be seen with extraordinary distinctness at a 
distance of between 30 and 40 miles from Dover and Folkestone. 
The Times says that the lighthouse at Cape Griinez, Calais, and 
the dome of the Cathedral, 'and Napoleon's Column at Boulogne 
could be distinctly seen with the naked eye, and every prominent 
object could be picked out along the French coast, The distance 
from Dover to Boulogne as the crow flies is 28 miles, and the 
column is about 2 miles further inland. 

The following telegram from Valf araiso was lately received 
at Buenos Ayres :— ** A rather severe earthquake sbodc was 
experienced in Santiago on Sunday, May 13, at 11.30 a.ni:, and 
considerable alarm prevailed in consequence of May 13 being the 
anniversary of the great earthquake in 1647, which laid a largo 


portion of the city in ruins, and which was the originof the pro- 
cession of the Sellor de (Mayo* A severe but short Teitical 
shock occurred here on Tuesday, the 15th, at 8,5 p.m. A 
strong earthq uake shock was felt at YumM on the loth, tMt 
9. 15 p.m. A smart earthquake shock, preceded by a long suls 
terranean noise, was experienced in Swtiago on Wednesday, 
the 16th, at 4.55 a.nL The shock was also felt here, but 
slightly.” At Buenos Ayres several earthquake shocks ime 
experienced on the night Monday, June 4. According to the 
Buenos Ayres Standareii a slight shock was felt at 13.18. Three 
seconds afterwards a very strong shock occurred, and the oscil- 
lation was slow and pronounced. The walls of houses Si&cl all 
movable articles were shaken, and a third shock, which seemed 
to be nothing more than the subsidence of the second, occurred 
two seconds afterwards. No serious accident fallowed the 
occurrence. Several families, however, were so startled that 
they rushed out of their houses and sought refuge in the Open 
square. The shocks were felt with more or less intensity all 
over the province of Buenos Ayres and in Montevideo. As felt 
in Montevideo the shock passed from south-south* west to north- 
north-east. 

At the meeting of the French Meteorological Society on 
I June 5, M. Angot communicated a paper on the climate of St. 
Mortin-de-Hinx (Landes) based on observations made since 1864, 
in which he has determined the diurnal variations of each ele- 
ment. He also announced that as soon as funds were obtained 
he intended to publish in exUnso several long series of observa- 
tions. At several of the places mentionod, including Paris, 
Marseilles, &c., the obseryations date from far into the last 
century. M. L. Teisterenc de Bort communicated a note 
relative to two earthquakes which occurred at 8 p.m* on the 4th, 
and at 5 p.m, on May 14 last, in the department of Puy- 
de‘D6me. M. Moureaux remarked that the magnetograms at 
Parc-St.-Maur showed no special disturbances at those times, 
M. Renou paid a tribute to the memory of M. Herv^-Mangon, 
to whoso exertions the separation of the meteorological from the 
astronomical service was due. This memoir will be printed in 
the Bulletin of the Society. 

A new base and its series of salts, belonging to the remark- 
able group known as “platinum bases,” have been obtained by 
Dr. Heinrich Alexander, of Konigsberg, The base itself has 
the composition Pt<OH), . 4NH,0, and may be considered as 
the hydroxylamine-platinum compound corresponding to the free 
base of the well-known green salt of Magnus, Pi(OH), . 4NHa. 
The chloride of the series was prepared some little time ago by 
Losseo, but can be most readily obtained, according to 
Ale^der, by mixing a 10 per cent, solution of potassium 
platinous chloride with hydrochloride of hydroxylamine and an 
alkaline carbonate. On standii^, the deep red liquid becomes 
decolourized, and the reaction is completed when a yellowish 
precipitate commences to settle ; on the addition of more alkali 
the new is immediately and quantitatively precipitated. 
The precipitate is then dissolved in the calculated quantity of 
cold dilute hydrochloric acid, and on passing a gentle stream of 
hydrochloric acid gas through the solution, or on the addition 
of absolute alcohol, fine colourless needles of the ehloride 
PtCl, . 4 NHsO are deposited. These needles are veiy soluble 
m water, but, like many other chlorides, are insoluble In obn- 
centruted hydrochloric acid. The free base is at once precipitated 
from this sah on the addition of stronger bases, such as potash 
and soda, or even ammonU. It is perfectly stable in the air 
and is extremely iusoluble in water and alcohol ; it behaves 
exactly like a true metallic hydroxide, dissolving in aelds 
with formstion of the porrespondiag salts. The sol^uite 
FtS04 • 4NH|0, which is best obtained by treatliqf thd iiase 
with the calculated quantity of suljdiurio acid upon awatei^bafb, 
crysUUUea well in short, heavy priSms, dllfiottlt|iy solnUe ihedW 
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but better in hot water, the crystals deposited from which con- 
tain a inolecuie of water of crystal Usation. When heated above 
too** C. it violently decomposes with detonation. In a similar 
manner the phosphate and oxalate of the series were obtained 
pure and analyzed* The former separates out in microscopic 
crystals while the latter is deposited in beautiful stellar aggre> 
gates of long needles. During the course of the work, two 
interesting isomeric salts were obtained. When the base is 
treated with excess of warm hydrochloric acid and the solution 
allowed to cool, yellow needles of a chloride of the composition 
PtCl| . aNHjO fall out. If however potassium platinous 
chloride be added to dilute solutions of the 6rst chloride, 
PtCl) . 4NH3O, beautiful violet needles of an isomeric salt, 
PtCl, . 4NH1O + PtCI„ separate out. The two substances are 
quite distinct, though possessing the same empirical formula, 
reminding one of the remarkable isomerism so frequently met 
with among the compounds of carbon. 

Under the heading of '* Psychology ” the Amtrican Naturalist 
for May has a curious paragraph on “ lire Monkey as a Scien- 
tific Investigator.” In the interesting little Zoo ” connected 
with the National Museum at Washington, there is a fine male 
grivet monkey {Cercopithccus €rythraa\ who shares a large cage 
with four opossums. To human beings he shows himself any- 
thing but amiable, but he takes kindly to his strange com- 
panions, and they have been the best friends from the first.” 
The attention of the attendant was lately drawn to the cage by 
the excitement of a crowd in front of it, and on going to ascer- 
tain the cause be was surprised to see the monkey seated in the 
middle of the cage, with one of the opossums lying quietly on 
her back on his lap, and her head under his arm. “The 
monkey had just discovered the marsupial pouch of the 
opossum, and was diligently investigating it. Had he not been 
a close observer it certainly would have remained unseen, for it 
was HO tightly closed as to be perfectly invisible 'in its normal 
condition. The monkey carefully lifted the outer wall of the 
])ouch, and peered into the cavity. Then he reached in with his 
hand, felt a^ut for a moment, and to the astonishment of every- 
body took out a liny young opossum, about 2 inches long, hair- 
less, blind, and very helpless, but alive and kicking. Jock held 
it up to the light, where he could get a good view of it, scrutin- 
ized it with the air of a savant, and presently returned it to the 
pouch, very carefully. After replacing it he looked into the 
pouch again, and presently drew out another for examination, 
which he looked at with solemn interest, smelt it, and then 
carefully put it back. It was thus it became known to the 
attendants that the old female opossum had the young ones, 
which had previously been looked for in vain.” 

Some time ago an English resident at Canton, Mr. Pitman, 
bought a curious monstrosity— a sow with six legs. The front 
part of the body is simple, that is, the animal has one head, one 
thorax, and two front legs. Behind, all the organs are double. 
M. B^ure, the French Consul at Canton, persuaded Mr. 
Pitman to let him have this strange creature for the Paris 
Museum of Natural History, where it way now be seen. It is 
white, with great black spots, and appears to be in perfect 
health. An account of it, by M. Charles Brongniart, of the 
Museum of Natural History, appears in the current number of 
La Natur^^ The separation of the two trunks seems to begin 
after the dorsal vertebne ; but the animal is $6 fat that this 
cannot be precisely determined. 

Many women who are anxious to obtain a University train- 
ing cannot aftbrd to pay the fees required for residence at one of 
the colleges or halls in connection with the old Universities. 
For their benefit Aberdare Hal], Cardiff, was founded ; and we 
are glad to learn that the institution has made steady progress 
since it was opened in 1S85. This year the number of students 
has doubled. At University College, Cardiff, the students at 


Aberdare Hall are taught on the same footing as the men 
students, 'fhey generally work for London University degrees, 
but when they wdsh to prepare for other examinations the 
necessary help is gladly given* 

The Irish Exhibition in London has published a useful 
** Handy-book of Reference for Irishwomen.” It is edited by 
Miss Helen Blackburn, and Mrs. Power Lalor contributes a 
preface. The volume presents full and accurate information as 
to women’s work in Ireland, and as to the schools and classes in 
which they may obtain scientific and technical training. 

The annual report of the Geological and Natural History 
Survey of Canada for 1S86 (vol. ii. new series) has been issued. 
It embodies the results of some of the work of preceding years, 
and not all of the work of the year for which it is dated. The 
volume consists of thirteen part«, separately paged and lettered, 
and relating to various portions of the Dominion from Nova 
Scotia to British Columbia, and northward to the Arctic Ocean. 
Tbe parts were issued separately with accompanying maps and 
illustrations in pamphlet form, as they were received from the 
printers. 

The new number of the Minerah^ical Magazine contains, 
besides abstracts and a full index to vol. vii., the following 
papers : — On the development of a lamellar structure in quartz- 
crystals by mechanical means, by Prof. John W. Judd, F.K.S. ; 
on the p^lysynthetic structure of some poq>hyritic quartz-crystals 
in a quartz-felsite, by Major-General C. A. McMahon ; on 
kaolinite, by Alan Dick ; note on the occurrence of celestitc 
containing nearly 14 per cent, of free sulphur, by H. J. John- 
ston-l.avis ; notes on hornblende as a rock-forming mineral, by 
Alfred Marker, 

M. VAYNtkRE has brought out the second of the four parts of 
his Allas of invertebrate animals. 

In a circular issued by Mr. Edward S. Holden, director of the 
Lick Observatory, it is stated that the Observatory build- 
ings will be open to visitors during office hours every day in the 
year. An hour or so, he points out, can be profitably occupied 
in viewing the various instntments, and the rest of the stay can 
be well spent in walks to the various reservoirs, from which 
magnificent views of the surrounding country can be had. With 
regard to the admission of visitors at night, Mr. Holden says 
that, for the present, visitors will be received at the Observatory 
to look through the great telescope every Saturday night between 
the hours of 7 and 10, and at these times only. Whenever the 
work of the Obscrvatoiy will allow, other telescopes will also be 
put at the disposition of visitors on Saturdays l>etween the same 
hours. Mr. Holden hopes that, by setting apart these times for 
visitors (which allow freer access to the Lick Observatory than 
is allow eil to any other Observatory in the world) all interested 
may be able to arrange their visits in conformity to them ; and 
that the remaining hours of the week will be kept entirely un- 
interrupted, in order that the astronomers may do the work 
upon which the reputation of the Observatory entirely depends. 

From a report signed by Mr. Edward S. Holden we learn 
that the trustees of the Lick Observatory, acting on his advice, 
have provided a photographic attachment to the 36-mch tele- 
scope, which will enable this to be used as a gigantic camera for 
photography. It cannot be used to make maps according to the 
scheme of the Paris Congress, since that scheme requires a focal 
length of 13 ftet, w hile that at the Lick Observatory will be 47. 
But a vast deal of work may be done in connection with appli- 
cations to astronomy other than the construction of the chart. 
In the photography of the moon, of the planets, of nebula, and 
comets the Lick telescope will have some important advantages. 
“But," says Mr. Holden, **it is in the photography of stars — 
of double'and binary start, of all the fainter stars, of all star 
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<lu«ten — thttt the Lick photographic telescope will find Its 
«hief application and demonstrate its immense superiority. One 
-of the first worVs to be done is to photograph the vicinity of all 
the brighter ►tars, for the discovery of fainter companions, and 
for the i^ermanent tfecord of their surroundings. A certain number 
of stars will be selected and photographed at regular intervals 
throughout the year. Measures made upon these plates will give 
the data by which the distances of these stars from the earth can 
be determined. Similar measures upon irhotogiaphs of star 
'dusters may serve to give us a clue to the laws which govern the 
internal structure of these wonderful objects. K continuous scries 
'Of photographs of the brighter parts of one of the brighter comets 
will cfTtninly throw a flood of much needed light upon the process 
■cif their develo[)ment.'’ 

Thk additions lo the Zoologica} Society’s Cardens during the 
past week include a White-thiglied Colobus {Colobtis velUt^osus 
j ), a Cnnipl>eJlV Monkey ^amphiUi V ), a White- 

Collared Mangabey \Ccrcocebus collar it)y a Hosman’s Potto 
(Perviiicticus poUo), a yiviTti\iovi%ioxV{LeptopHluscrumeniferm)t 
a Black Stcrnolhere {Slci not harm West Africa, pre- 

sented by Mr. H. 11 . Johnston, F.Z.S. ; two Black -Bellied Sand 
Grouse iPfcroclcs arcnnrius) from North Africa, presented by Sir 
Kirby Green, R.C.M.G. ; an Eyed Lizard {PtcYrla o^eliata\ 
European, presented by Mr. J. Hopson ; a Patas Monkey {Cor- 
copithecits patas ), two West African Love Birds {Agapotnis 
pullava) from West Africa, a Cormorant {Phalcurocorax carbo)t 
British, three Scarlet Ibises {Ettdocimus i^her) from Soutii 
America, five Common Chameleons {Chamak n vulgaris) from 
North Africa, deposited ; a Chipping Squirrel {Tamias strintus) 
from North Ame>ica, five Lesser Pintailed Sand Grouse {P.cro Us 
•exustus i <J» 3 9) from Abyssinia, two Modest Grass finches 
{Amadina modesta) from Australia, purchased ; a Moor Monkey 
(Scmnopifhccus maurus d ) from Java, received in exchange ; a 
Spotted Tinamon {IVotbura niaculosa)^ two Cambajan Turtle 
Doves ( 7 'urfur scnegalcnslx)^ three Chiloe Widgeon {Mateca 
chila'nsis\ three Slender Ducks {Anas gihbexdfrons)^ two Aus- 
tralian Wild Ducks {Anax supei ciliosa)^ three Mandarin Ducks 
'{.•Ex gaUricuhta), eleven Chilian Pintails [Dajila sptmeanda) 
bred in the Gardens. 


OUR ASTRONOMICAL COLUMN. 

Thk Markin(is on Maks. — M. Perroiin, in a more recent 
communication to the Paris Academy of Sciences, states that 
the district of Libya^ the disappearance of which he had recorded 
a week or two carlici (Natuke, vol, xxxviii. p. 185)* 
has undergone a further change, the “sea” which had so 
recently covered it having retreated again for the most part, so 
that the present appearance of the district is intermediatr be- 
tween that which it recently presented and that under which it 
was seen in 1886, Of the cmals M, Perrotin has noticed four, 
three of which arc double, which, starling from the “seas” Of 
the southern hemisphere near the equator, and following a 
nearly meridional course, extend right up to the north polar ice 
cap, being traceable across the “seas" which immediately 
surround the latter. No other observer as yet seems to have 
traced these canals for such a distance, and across “aeas" as 
well as continents. This observation renders their true character 
more puzzling than ever, and seems eflectuaily to dispose both of 
M. Fizeau's just published theory, which explains them by the 
analogy of the rifts in terrestrial glaciers, Mars being assumed to 
be in a glacial condition, and of that of Mr. Proctor, who 
Ascribes them to the varying appearances of the Martial rivers 
when cleorly seen or partly veiled by local mists. More detailed 
obseivations of these strange markings are needed, and it 
is to be much desired that as many as possible of actual drawings 
made at the telescope should be published. It U poaalhle that 
the conitparison of sketches made with different oWrvera and 
with different apertures, would ihrow much light on the auWact { 
if, for instance, the appearances were partly optical and due to 
Aome effect of diffraction, it would soon become ^>pamiit 


Comet i888a» Sawerthal.— T he remarKaWc change ia 
brightness which this object displayed abont May ao (Natbeb. 
vol. xxxviii. p. 114) reems to have been well pbserv^, and 
there is a general agreement that the inOr^se in brightneas 
amounted to or 3 magnitudes. At Dor^t Herr Btumbach 
estimated the comet as p'-io on May 19, And tw 7-^ on May 22. 
Dr, Frans, at Xonigsberg, considered the increase as amount- 
ing to 3i magnitudes, estimating the brightness as 5 8 on May 
21, whilst Dr. Kammerjoann, st Geneva, on May 35, reckoned 
the comet as between the S^h and 6th mags., and the increase 
as having been between a and 3, Father Fenyi, of the Kaloesa 
Observatory, finds the change of magnitude about the same, but 
estimates the alwolute l>rightness difl’erenily ; the recorded 
magnitudes being: May 30 , 9 3 ; May 3 r, 7*8 ; May 32 , 6*8 ; 
and May 33, 6*8. Father Fenyi also supplies {Astr, Nao/t,, 
No. 3844) a series of sketches of the comet, snowing the changes 
of shajic which have accompanied the changes of brightn^s, 
and especially the development about May 38 of a sort of wing 
on cither side of the head. These wings appear, however, to 
have been seen earlier at other ol>servatorics, thus Herr 
Kortazzi, at Nicolaiew, observed them on May 24, and Herr 
Wutschichowski gives a beautiful drawing of them under date 
May 25 {A sir. Nach.y No. 3845). .The comet does not appear 
to have been satisfactorily observed with the spectroscope during 
this period of unusu^ brilliancy. The outburst was soon over, 
and the comet speedily relumed to it-i former faintness. 

The following ephemeris [A sir. Nath.y No. 2838) is in con- 
tinuation of that given in Nature, vol. xxxviii. p. j86. 


I86B. 

R.A. 

Decl. 

L.g r. 

Log A. 

Dright- 


h. 

m. s. 

t* - 



ne« 

July 13 

. 1 

7 18. 

. 50 32 8 N. . 

• 0:3352. 

0-3306 . 

. 0 039 

15- 

. 1 

742 - 

. 50554 



. 0 028 

17.. 

. I 

7 56 . 

• 51 17*2 

■- o' 34 S 9 ■ 

• 0-3331 • 

19- 

. I 

8 2 . 

SI 38‘4 



. 0 026 

21.. 

. I 

7 57 . 

SI 58-8 . 

.. 0-3563 . 

• 0 - 33 S 3 

23 '. 

. 1 

7 43 • 

s* 185 

.. 0*3664 .. 



25 . 

. i 

7 19 - 

• S» 37 4 • 

0 - 337 * •• 

. 0 025 

27.. 

. I 

645 . 

S» 5 S 4 


.. 0 3^89 .. 


29.. 

. 1 

6 0 . 

• S 3 I2'6 

.. 0*3762 

0023 

31 - 

. i 

5 6 . 

• S 3 * 8'9 . 

.. 0*3857 .. 



Aug. 2.. 

. I 

4 1 . 

S 3 44 * • 

. 0-3105 .. 

. 0*022 


The brightness on February 18 is taken as unity. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 JULY 15-21. 

/p*OK the reckoning of time the civil day, commencing at 
^ ^ Greenwich mean midnight, counting the hours on to 84, 
is here employed. ) 

At Grttmvich on July 15 

Sun rises, 4h, 310. •, souths, I2n. 510. 44 ' 2 s. ; sets, 20 h, 8m, ; 
right asc. on meridian, yh. 40'8m. ; deck 21" 26’ N. 
Sklereal Time at Sunset, ish. 44m. 

Moon (at First Quarter July 16, rah.) rises, iih. 7 m. ; souths, 
lyh. 2im. ; sets, 33h. 2am,: right asc. on meridian, 
I2h, 56’6m. ; deck o' 35' b. 


Planet. 

Mercury.. 
Venus ... 
Mars ... 
Jupiter ... 
.Saturn ... 
Uranus ... 
Neptune. 


h. m. 

3 44 

4 4 
12 56 
*5 38 

5 *9 
II 34 
o 39 


Souths, 
h. m. 
It 24 

12 II 

18 3 

20 2 

13 6 

8 as 


Right asc. and declination 
on tueridion. 
h. m. 


Sets, 
h. m. 

19 4 . 

20 18 . 

33 8 . 

o 26*, 

20 53 . 

*2 54 . 

j6 11 .. 

Indicates that the Setting is that of the foil owing ‘morning. 

Comot SawtHkal. 

Right Ascension. 

July. h, h, m. 

15 • - <5 I 7'5 

19 O ... I 8-0 


6 58*6 

7 45 9 

13 38-3 
15 38 0 

8 41-8 
I* 50-3 
.3 59 5 


i§ oN. 

32 9 N. 

n 15 S. 


18 35 R. 
16 56 N. 
41 S. 
53 


A 


Declination. 

30 4$ N', 
51 38 


OccultcUions of Stars by the Moon (visible at Greamvioh). 


July. 


Star. 


Msg. Dlssp. 


17 ... f Ub«e 
tS ... SJjihne ... 
19 49 Idbrac ... 

19 ... b.A.C. 5700 


ll 


CoRstp^ai 
angles Mnvei 
Reap. teurcorklttlli 
taVenedipMiit 
h. m. h. m. e e, 

19 a* 19 4 E I 4 S m 

at 2 ... 81 83 4.. ft ^ 
o 20 i»ar ap^voaedk ede; ^ 
82 a 6 .. 83 14 ... 148 219 / 
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^ u/y 12, i 888 ] ; ’ 


July. h. 

10 ... 13 

, Mars in conjunction with and 6* 40' south 

of the Mood. 



18 ... 17 .. 

Jupiter in 

conjunction with and 4** 5' south 


of tlie Moon. 



20 ... 0 .. 

Mercury stationary. 




Variablt Stars, 



Star. 

R.A. 

Decl. 




b. m. 


h. m 


U Cephei ... 

... 052*4.. 

. 81 16 N. 

... July 15. 21 31 

m 




20, 21 u 

m 

W Virginis ... 

.. 13 20 3 . 

2 48 s. 

... „ 16, 22 0 

rn 

8Llbrse 

14 SS O . 

8 4S. 

... ,, 20, 0 44 

m 

U Corome ... 

... IS i 3'6 • 

3a 3N* 

■ ■■ M I5i 2* 43 

fn 

W Merculis ... 

... 16 3>‘3 • 

37 34 N. 

... ,, 20, 

m 

U Ophiuchi .. 

... 17 10 9 . 

1 20 N. 

... M I9» 2 4 

m 




,, 19, 22 12 

m 

W Sagittarii 

••• 17 57-9 • 

29 3S S. 

... ,, 10, 21 0 

m 

Z Sagittarii... . 

.. 18 I4'8 . 

18 ss s. 

... ,, 16, 0 0 

m 

T .Serpent is ... 

... 18 23'4 . 

6 14 N. 

... M 20, 

M 

Lyree 

... 18 46 0 . 

33 >4 N. 

15. * 

R Lyrae 

... 18 SI 9 , 

43 48 N. 

... M 18. 

m 

R Cygni 

... 19 3 .v 8 . 

49 S7 N. 

... f. I9i 

M 

S Aquilee ... 

.. 20 6 5 . 

IS 17 N. 

21, 

m 

S Dciphini ... 

... 20 37’9 . 

16 41 N. 

... n 18, 

m 

X Cygni 

... 20 39 'O . 

35 It N. 

... ,, 21, 0 0 

m 


At sJanifiee mAximum ; m nuoimuin. 



Meteor' Showers. 




R.A. 

Deck 



The Pcrsciih 

2I 

... SoN. 

... Swift, streaks. 


Near 7 Dracohis 

269 

... 51 N. 

... Srtift. 


,, a Lacertx' 

33 ^ 

.. 49 N. 

... Swift, short. 



Juiie,i88f, 4n excursion into the mountainous region of Urbanagh,. 
lying to the east of the di<trict now being explored by M. ’ 
Sorelli. The chief result of this journey of Dr. Traversi is to* 
throw light on the problem of the h}rdrographical system s of the 
Somali and Galln countries. From the summit of Mount 
Gafat he was able to comhrm hU previous observations made 
near the Suai Lake, with referenee to the three lakes' above- 
mentioned and their interconnection. 


ON C£/^TA/N INEQUALITIES RELATING 70 
PRIME NUMBERS. 

T SHALL begin With a method of proving that the number of 
^ prime numbers is infinite which is not new, but which it is 
worth while to recall as an introduction to a similar method, by 
series, which will subsequently be employed in order to prove 
that the number of primes of the form 4W + 3, as also of the 
form 6 n + 5, is infinite. 

It 18 obvious that the leciprocal of the product 

i,) 

(where / means the /th in the natural succession of pi lines, and 
means the highest prime number not exceeding N) ^ will be 
equal to 

l+i + i+ i+ l + 4+ . • . • + ^ + K, 

and therefore greater than log N (R consisting exclusively of 
positive terms). 

Hence 


GEOGRAPHICAL NOTES. 

The Geographical Society of Paris have decided to avail 
themselves of the Universal Exhibition at J’aris, next year, by 
convening an Intcniutional Congress of the Geographical 
Sciences, to meet in the month of August. There will be two 
classes of members, subscribing respectively 40 and 20 francs, 
and each member wdl be entitled to receive a copy of the pub- 
lications of the Congress and have a vote in the cpiesiions 
discussed at the meciirigs. Each Society represented nt the 
Congress will l>e invited to submit a re^mrl on the voyages, 
explorations, and publications which have most contri billed, in 
the country to which it belongs, to the progress of geography 
during the past hundred years ; the combined reports will 
afterwards be published with the names of their authors. 

Dr. 11. Meyer has made some important corrections in the 
preliminary account of his ascent of Kilimanjaro. After verify- 
ing and correcting his barumeUical observations, he admits that 
the previously accepted height of 18,700 feet is more accurate 
than that given by himself, 19,850 feet. He then refers to the 
dense mist which prevented him from seeing beyond a wall of 
inaccessible ice, 130 feet high, which his first account indicated 
as being the terminal point of the peak. It results from thchc 
observations that Dr. Meyer did not reach to within 820 feet 
of the summit of Kilimanjaro, which therefore still remains 
unconquered. 

M. Jules Borelli, the French traveller, who accompanied 
M. Rimbaud Inst year in his interesting journey from Amotlo to 
Harar, is engaged in exploring the countiY to the south-we^t of 
Shoa. The Paris Geographical Society has received some of 
the results accruing fi-om his journey from Antotto to jiren, 
which is situated in 7*4*' N. latitude, and 34*35' K. longitude. 
Among these results U tlie discovery of the sources of the River 
Hawash, which lie at the foot of Mount llfata at the extremity 
of the Meca nmge, and not neai" Mount Dandi, as hitherto 
supposed. On the summit of the latter peak the traveller found 
a double Jake xesembling in shape the figure 8, which is of con- 
siderable ext^t and depth ; an affluent. of the Gudar, and thus 
of the Abbay, issues from this lake. He also discovered a deep 
lake at the bottom of the immense crater mountain known as 
Monnt Horro; the surroundings of this sheet of water are 
described by the traveller as of ineomparable beauty. From 
this lake, which is named by the natives Wancit, a stream issues 
and joins the Walga, the source of the latter Hver ^ingin ike sum- 
mit of Mount Harro. Dr. Traverti, the It^ian explorer, made in 


where 


M 




and is therefore greater than 

Hence the numl^er of teims in the product must increase 
indefinitely with N, 

By taking the log.irithms of both sides we obtain the 
inequality 

Si - 4Sj + fSa - LSi + . . . .>logIogN, 
where in general Hf means tlie sum of inverse flh powers of all 
the primes, not exceeding N ; and accordingly is finite, except 
when I ss I, for any value of N. Wc have iheiefore 

Sj > log log N -I- Const. 

The actual value of Sj is observed to diffar only by a limited 
quantity from the second logarithm of N, but I am not aware 
whether this has ever been airicily proved. 

Legendre has found that for large values of N 


log 


log N' 

This would show that the value of our U bears a finite ratio 
to log N ; calling it $ log N we obtain, according to Legendre's 
formula, 

^ = '552, which gives B = *81 1, 


(I - J)(« 

• i) . . . 


Comequenily 




^ I \ 

(l~ ' \ 

\ /i/V 

pj ' 

• V ' 


so that the nebulous matter, $0 to say, in the expansion of the 
reciprocal of the prodO^T of the differences between unity and 
the reciprocals of all the primes not exceeding a given number, 
stands in the relation of about 4 to 5 to the condensed portion 
consisting of the reciprocals of the natural numbers. 

1 will now proceed to establUh similar inequalities relating to 
prime numbers of the respective forms 4w + 3 and 6« 4 5. 

Beginning with the case 4n + 3, 1 shall use yy to signify the 
yth in the natural succession of primes of the foim 4^ + 3, and 
to signify the highest y not exceeding N, N,/y itself 
signifying the number of y's not exceeding N. 

' K / itsalfor ccKirw d«iUMt4S in Um Above noutlon the number of primes. 
(» njt exceedlns N. 
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Let u5 first, without any reference to con vergencey , consider 
the product obtaiued by the usual mode of muUiplicatioxi of the 
infinite series 

S * I - 4 + i - } + i - - . . ^ ad inf. 
by the product 

~ ' I ■ I ^ ad inf 

l-J I i I 

'A A A 

It is clear that the effect of the miiUipUcation of S by the 
numerator of the above product will be to deprive the series S 
of all its negative terms. Then the effect 6f dividing by Ihe 
denominator of the product, with the exception of the factor 
1-4, will be to restore all the obliterated terms hut with the 
sign + instead of - . Lastly, the effect of multiplying by the 
reciprocal of (! - 4) will be to supply the even numbers that 
were wanting in the denominators of the terms of S, and we 
shall thus get the indefinite series 

t + i + • ■ • ad inf 

Call now 

I I r 


I I -f- — 

A 

I 4- 

I -b ^ ^ — 

“ ■ • j 

I 

. ~ I 

z - 4 I — 

I 

, - -- - 


A 

Q 


Qp^, which is finite when N is finite, may be expanded into 
an infinite aggregate of positive terms, found by multiplying 
together the series 


= 1 - 4 4 - ^ f + 4 - 'jiV + • • • ' 

then from what has been said it is obvious that we may write 
Qn^n = J+ 4 + 4 + { + . . . . + ^-fV-R, 


Qn^n = J+ 4 + 4 + { + .... + ^ + V-R, 

where V and R may be constructed according ' to the following 
rule : Let the denominator of any term in the aggregate Qj^ 
be called and let 9 l>c the smallest odd number which, multi- 
plied by f, makes t 9 greater than N ; then if 9 is of the form 
4w + I it will contribute to V a portion represented by the 
product of the term by some portion of the scries S,^ of the form 

L - ^ * + * - . . . . 

9 d + 2 e *f 4 

*nd if 0 is of the form 4« + 3 it will contribute to - R a portion 
equal to the term multiplied by a series of the form 

-1+ . + . . . . 

9 + 2 tf + 4 

Hence K is mode up of the sum of products of portions of the 
aggregate Qj^ multiplied respectively by the series 

4 - i + 4 “ 4 + " 1 g + . . . . 


of which the greatest is obviously tliefifsfci^ose value is t - Sj^. 

Consequently R must be less than^^ total aggregate Q„ 
multiplied by I - S,. ” 

Therefore 


Denoting by Mj^ the quantity 

■ • ('-siO 

we obtain tlie inequality 

and taking the logarithms of both sides 

2 i - 423 + iSj, - • ■ ■ * > 4 ^og log N + 4 log - 4 log a, 
where in general S, denotes the sum of the iih powers of the 
reciprocals of all prime numbers of the form 4 ^ + 3 not 
surpassing N. 

Hence it follows that S. > J log log N. 

If wc could determine the ultimate ratio of the sum of those 
terms of whose denominators are greater than N to the total 
aggregate, and should find that the limiting value of this ratio, 
is not unity, then the method employed to find an inferior limit 
would enable us also to find a superior limit to Qj^ ; for we 
should have V < added to the sum of portions of what 
remains of the aggregate when is taken from it multiplied 
respectively by the several series 

1 * 4 + « * A + yV - tV + ■ ■ . - ad inf 

A “ 1 r + " A + ■ ^ . ad inf 

I'a -* Vj + • • . • ad inf 

the total value of the sum of which products would evidently be 

less than 

(I - m)(s - 1 + 

Hence the total value of V would be less than 
mQnS + (i - m)Qn(S - I), 

i.t. less than 

Qj.S - 1(1 - mIQ,,, 
and consequently we should have 

i(« - M)Qn < ’®8 N, 

Q„ < ^ log N. 

From which we may draw the important conclusion that if ^ is 
less than \,t e. if when N is infinite the portion of the ag^egate 
SjjQn comprising the terms whose denominators exceed N doe* 
not become infinitely greater than the remaining portion, the 
sum of the reciprocals of all the prime numbers of the form 
4« + 3 not exceeding N would differ by a limited quantity from 
half the second logarithm of N. 

A preciselv similar treatment may be applied to prime numbers 
of the form 6« 5. Wc begin with making 


SjM = * " 4 + 4 * + tV 

We write 


+ fV " • • • 


+ Qn(* - S^.) > « + i -I- S + I + + ^>logN, 

i.t, > log N, 

from which it follows that when N increases indefinitely the 
number of factors in also increases indefinitely, and there 
must therefore be an infinite number of primes of the forfii 
4 » + 3* 


We make 

= l+ 4 + J + i*i” - - • ■ 

We prove as before that 

R < (I - S)Qj^, 

and thus obtain 

Qn > N, 

and then putting 
and finally noticing that 

I 

I - 4 ■ i - 4 * 3. 

we obtain . 
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Ttking the logarithms of both sides of the equation, we had 
•1 ' i®s + i®8 ‘ • • . > 4 loglog N + 4 log Mj^ - 4 log 3, 

where 6^ means the sum of fth powers of the reciprocals of 
all the prime mmbers, not excecdmg N, of the form 6 n + 5. 

Either from ntU equation or from the one from which it is 
derived it at once follows thut the number of primes of the form 
6w 4 - 5 is greater than any osiiignable limit. 

Parallel to what has been shown in the preceding case, if it 
could be ascertoint^ th^t the sum of the terms of the aggregate 
whose denominations do not exceed N bears a ratio which 
becomes indefinitely ^mall to the total aggregate, it would follow 
by strict demonstration that the sum of the reciprocals of the 
primes of the form 6« 4- 5 inferior to N would always differ by 
a limited quantity from the half of the second logarithm of N. 

It is perhaps worthy of remark that the infinitude of primes 
of the forms 4#f + 3 and 6« + 5 may be regarded as a simple 
rider to Euclid's proof (Book IX., Prop. 20) of the infinitude of 
the number of primes in general. 

The point of this is somewhat blunted in the way in which it is 
presented in our ordinary text- books on arithmetic and algebra. 

What Euclid gives is something more than this : ^ his statement 
is, ** There are more prime numbers than any proposed multitude 
of prime numbers " ; which he estaoHshes by giving a 
formula for finding at least one more than any proposed number. 
He does not say, as our text-book writers do, 'Mf possible let 
A, B, .... (J be a// the prime numbers," &c., but simply that 
if A, B, .... C are affy proposed prime numbers, one or 
more additional ones may be found by adding unity to their 
product which will either itself be a prime number, or contain 
at least one additional prime ; which is all that can correctly be 
said, inasmuch as the augmented product may be the power of a 
prime. 

Thus from one prime number arbitrarily chosen, a progression 
may be instituted in which one new prime number at least is 
ained at each step, and so an indefinite number may be found 
y Euclid’s formula ; 17 gives birth to 2 and 3 ; 2, 3, 17 to 

103 ; 2, 3, 17, 103 to 7, 19, 79 ; and so on. 

We may vary Euclid's mode of generation and avoid the trans- | 
cendental process of decomposing a numl>cr into its prime factors i 

by using the more general formula, a, /> r -f 1, where 

a, . r, are any numbers relatively prime to each other ; 

for this formula will obviously be a prime number or contain one 
or more distinct factors relatively prime to a, . . . . c. 

The effect of this process will be to generate a continued 
series of numbers nil of which remain prime to each other : if 
we form the progression 

rt, a + I, o’* + a -f I, a{a + + a + i) + i, . . . . 

and call these successive numbers 

«1» Wtf, "s. «4 

we shall obviously have 

w* 4 1 = - Ux + I. 

It follows at once from Euclid's t>oint of view that no primes 
contained in any term up to can appear in «jr 4- it so tnat all 
the terms must be relatively prime to each other. The same 
consequence follows a posteriori from the scale of relation above 
given ; for, as I had occasion to observe in the Comptes rendus for 
April 1888, if dealing only with rational integer polynomials, 

= (x- a)f{x) 4 - rt, 

then, whatever value, r, we give to x, no two forms ^'(r) 
can have any common measure not contained in a ; in this case 
^(x) = (x - l)x 4 - 1 ; so that and must be relative 
primes for all values of i and 

It is worthy of remark that all the primes, other than 3, 
implicitly obtained by this process will be of the form 61 4- i. 

EucUa's own process, or the modified and less transcendental 
one, may be applied in like manner to obtain a continual suc- 
cession of primes of the form 411 4- 3 and 6w 4- 5. 


As regards the former, we may use the formula 
2 . a , b . . . . r 4 -i 

(where a, , e are any “ proiwsed " primes of the form 

4 « 4 “ 3 )» which wi)l necessarily be of the form 4« 4 - 3, and must 
therefore contain one factor at least of that form. 

As regards the Isttter, we may employ the formula 

3 .a.<J....^ 4-2 

(where a, ... r arc each of the form 4 - S), which will 
necessarily itrclf be, and therefore contain one factor at least, of 
that form. 

The scale ol 'elation in the first of these cases will be, as 
l>efore, 

ffx 4' 1 ” ~ nx 4" I i 

so that each term in the progression, abstracting 3, will be of 
the form 41 4- 3 and (>j + i conjointly, and con.sequently of the 
form izn + y ; as e,g,y 

3» 7» 43r *807 

In the latter case the scale of relation is 
Ux+i = - 2t/x + 2 , 

which is of the form (w^ - 2)wj: 4-2. It is obvious that in each 
progression at each step one new prime will be generated, and 
thus the number of ascertained primes of the given form go on 
indefinitely increasing, as also might be deduced a posteriori by 
aid of the general formula above referred to from the scale of 
relation applicable to each. Each term in the second case (the 
term 3, if it appears, excepted) will be simultaneously of the 
form ti - I and 4 y 4 - 1 , and consequently of the form \ 2 n 4 - 5, 

as in the example 5, 17, 257, 65537 

The same simple considerations cease to apply to the genesis 
of primes of the forms 4« + I, 6« 4- i. We may indeed apply 
to them the formula: 

(2.0,/'. . . . 4 " I and 3 (rt . . r)- 4 - i 

respectively, but then we have to draw upon the theory of 
quadratic forms in order to learn that their divisors are of the 
form 4 « 4 - I and 6 m 4 - i respectively. 

Of course the difference in their favour is that in their case all 
the divisors locked up in the successive terms of the two progres- 
sions respectively are of the prescribed form ; whereas in the other 
two progressions, whose theory admits of so much simpler treat- 
ment, we can only be assured of the presence of one such factor 
in each of the several terms. 

Euler has given the values of two infinite products, without 
any evidence of their truth except such as according to the 
lax method of dealing with series without regard to the laws of 
convergence prevalent in his day, and still held in honour in 
Cambridge down to the times of Peacock, De Morgan, and 
Hcrschel inclusive (and this long after Abel had justly denounced 
the use of divergent series as a crime against reason), was 
erroneously supposed to amount to a proof, from which the same 
consequences may be derived as shown in the foregoing pages, 
and something more besides. ^ These two theorems are — 

(I) 3 _ 1 _ 7 _ ” 13 

3 + 1 5 - « 7 + 1 *1 + 1 13 - 1 ■ ' ‘ ' 4 

(where, corresponding to the primes 3, 7, li. . . . .of the 
form 4- 3, the factors of the product on the left are 

.Jl- 7 

3 4*’ l' 7 + I' ” + I ’ 

all of them with the sign 4 - in the denominator ; while the 
fractions corresponding to primes of the form 4« 4- i have the 
- sign in their denoniinators). 

5 . J .3 ‘7 . . . , =IV 3 

where, as in the prtVyWpij>^)rQduct, the sign in the denominator 
of each fraction d^fnS ^ the form of the prime to which it 
corresponds (being 4 - for primes of the form 6 n - i, and - for 
primes of the form 6» 4- i). 


' Wheraos tht English o!«niaiu«ry bookwriton conteni themseWea with 
that to suppose the number of primee finite lavt^ct an absurdity, 
Enolid shows how from any given prime or primes to generate an infinite 
sucoessUm of prioiei. 

” Another theorem of a slmtiar kind Is that, whatever integer polynomial 
♦(x) ikuM be, if 1 , J Have for their greatest common measure then 
will be the gnatfst common measure of ^♦(o)]. 


* It follows ftom the first of these theorems that with the understanding 
that no donomnmtor is to exceed n (an indefinitely great number), 
jj 4- i)(i 4* ♦)(! 4- 4* A) ■ • . . bears a finite ratio to (t 4- J)<x + A) 

(t 4- A) ■ • • • as their product is known to be infinite, each of these 

two partial products must be separately infinite ; in like manner ffom Euler's 

1 second theorem a similar conclusion nmy be tnfitfred in regard to each of the 
two U + H + Vf) (t 4* A)Ti 4- A) • . . . 

(i4'0(i + Ar)(»4* A>(i4-,S). . . . 
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Dr. J. P* Gram cU RoyaU ^ C&pert' 

.hapf€t 6 me, s^ie, vol. il p. i^j) refers to a f>apcr feyKfertens 
<**Ein Beitrag tur analytischen Zahlentheorie/' Borchardi's 
Bd. 78), as (Wfie m which the truth of the first of the two 
theorems k demonstrated'-^'* fuldstoendigt Bevis af Mertens 
are Gram’s words.* 

Assuming this to the case, we shall easily find when N is 
indefinitely g^reat, so that Sj^ becomes 


Qm^n “ 


(I - 4 )(I - J)- • ■ • (« - !^) 


whic^, according to Legendre’s empirical Uw (Legendre, 
-"Th^rie des Nombres,’^ 3rd edition, vol. ii. p. 67, art. 397), 

is equal to ^ , where K » 'T'104 ; and as we have written 


Q^Sj^ = log N + (V - R), we nwy deduce, upon the above 
.assuinv>tion5, 

V - K = (i - .) 


log N = 0*81 1 . . . . log N. 


R, we know, is demonstrably less than - j 

scquently V must be less than (0*812 -f 0*215) 1^8 N, i.r. less 
than I *027 log N, and a fortioti the portion of the omniposilivc 
aggregate Qj^^, which consists ot terms whose denominators ex- 
ceed N, when N is indefinitely great, cannot be less than 
0*^73 


Before concluding, let me add a word on Legendre's empirical 
•formula for the value of 


referred to in the early part of this article. 

If N is any odd number, the condition of its being a prime 
number is that when divided by any odd prime less than its own 
square root, it shall not leave a remainder zero. Now if N (an 
unknown odd number) is divided by /, its remainder is equally 
likely to be o, i, 2, 3, . , . . or (/ - i). Hence the chance 


that it is not divisible by p is 



and, If wc were at liberty 


to regard the like thing happening or not for any two values of 
p within the stated limit as independent events, the expectation 
of N being a prime number would be represented by 


(I - l)(i - ^)(i - f)(i - A). 



•which, according to the formula referred to, for infinitely large 


TTilues of N is equal to ^ , It is rather more convenient to 

log N* 

regard N as entirely unknown instead of being given as odd, on 
' which supposition the chance of its being a prime would be 

1104 m 

2logN* logN' 

Hence for very large values of N the sum of the logarithms of 
all the primes inferior to N might be expected to be something 
like (i* 104)N, This does not contravene Tchebycheff’s formula 
•(Serret, " Cours d’AIgibre Supi-rieure," 4mee<l., vol. ii. p. 233), 
which gives for the limits of this sum AN and BN, where 

A ^ 0-921292, and B = = r 10555; but does contravene the 

■narrower limits given by my advance upon TchebycheflTs 


It always seems to me absurd to speak of a complete proof, or of a 
theorem being nyorouriy demowtrated. An incomplete projf is no proof, 
and a mathemimcal truth not rigorously demonstrated is not demonatratefl 
*1 all. I do not mean to deny that there are mathematical truths, morally 
certain, which defy and will probably to the end of time continue to defy 
% *veiy indecomMsabJe integer polynomial function mtwt 
^preMnt on mhnitude of primes. 1 have sometimes thought that the pro* 
■found mystery which envelops our conceptions relative to prime mimbera 
depends ujwn the Jtmitanon of our faettkres in regard to time, which .like 
spa^ may be m It# esience poly-dimensional, and that this abd such sorhof 
truths would become self-evident to a being whose mode of nercevtbn is 
accotriing to distinguished from our own UmU^Sm to 

JtHtarfy extended ume. 



fi; i4W' 



method (nee 4 mu vtd. m Part ^), tueooH^ 

to which for we write Ai, where 

Ai 0*941423, Bj I '07^5^7.* 

'*fhat the method of probabitUiet^ tn^y be auceess^ 

fuUy applied to questions bODcerai[ng I have 

shown reason for Mievlng In th^^o tanlea i^w^hed by me in 
the T^i/osifMca/ ibr 

New Coileg^et Joa? 10, J. J. Sylvester. 


SOCIEriES AND ACADEMIES. 

LciNt>ON. f 

Royal Society, May 3. — " Rlectro-QhmlcaJ Effects on 
Magnetizing Iron.’* Part IL By Thomas Andrews, F.K.S.E. 
Communicated by Prof. G. G. Stokes,. P.R.S. 

The present paper cDntains the results of a further study of the 
electro- chemical effects Observed between a magnetized and an 
unmagnetized t>ar when in circuit in certain electrolytes, recorded 
in Part I. of this research. The method of experimentation 
was generally similar to that pursued and described in Part I., 


* V«. At ae A, and lb = tho vulttes of which are inemnractly 

. 5099? ^ 5 «W 9 ^ ^ 

stated in the memoir. Strange to Aay, Dr. Gram, in hi# prize essay, pre- 
vloujiiy quoted, on the number of prime numbers under a given limit, nas 
omitted all reference to this paper in his hibliowaphical summary of the sub- 
ject. which is only to be accounted for by its having escaped his notice ; a 
narrowing of the asymptotic limits assigned to the sum of the logarithmi at 
the prime numbers senes l^ing the m ist notable fact in the history of the 
subject since the publication of 'I'riiebycheff's me noir. Subjei^rively, this 
paper has s peculiar claim upon the legard of its author, for it was his medi- 
tation upon the two simultaneous dlffbrence- equal ions which occur in it that 
formed the starting-point, or tncunabulum, of that new and boundless world 
of thought to which ne has given the name of Universal Algebra. But, apart 
from this, that the superior limit given by Tchebycheff as i*to^5 Hhould ba 
brought down by a more scriogent solution of his own inequalmes t > only 
1*076577— 'in other words, that the excess above ihe probable mean value 
(unity) should be reduced to little more tlian Irds of its original amount— is in 
itself a surprising fact. Perhaps the numerous (or inriunuikble)mi«piiate 
and ariihmetical miscalculations which disfigure the paper may help ta 
account for the singular neglect which it has experienced. It will be noticed 
that the mean of the limits of Tchebycheff is r ‘0134a, the mean of the new 
Uitiits being o’ 99900. The excess in ths one case above and the defect in 
the other below the probable true mean are respectively 001343 and 
o'ooioo. 

* A principle precisely similar to that employed above if applied to detet- 
inimug the number of reduced proper fractions whose denominators do not 
exceed a given number a, leads to a correct result. The expectation of two 
mimhcrS being prime to each other will he the product of the expectations 
of their not Ming each divisible by any the seine prime number. But the 

probability of one of them being divisible by / is 4 , and therefore of two of 

them being not each divisibls by / U Hence the probability of their 
having no common factor is 

. (« - 1) (• - ») I - A) (Ht) . . • . W i. 0 . » i. 

ir*» 

If. then, wc take two sets of numbers, each limited to n, the probable number 
of relnii'vely jminc combinations of each of one set with each of the other 

should be and tho number of reduced proper fractions whose denomtn- 

ators do not exceed h should be the half of this or . 1 believe M. Cdjmro 

has claimed the prior publication of this mode of reasoning, to which he la 
heartily welcome. The number of these fractions is the same thin^ aa tlm 
sum of the ioiifnU of all numbers not exceeding m. In tbc PkimapkieiU 
Magtiaiw for 1882 (vol. xv, p. ssi), a table of these sums of totients hat beoB 

i iiiblished by me for all values of « not exceeding 500, and in the sane y«v 
vol. xvl p. a3T) the table was extended to values of h not exceeding looo 
n every case without any exception the estimated value of this toiient sum 
is found to be intermediate between 


af!iand 

w-4 tr'i 

Calling the totient sum to is, T(«), 1 stated the exact equation 

T(») + t(?)+t(?)+t( 2 )+ 

from which It is capable of proof, without making any assumption as to the 
form of Ta, that its asymptotic value it The functloiial equation Uoelf 

is merely an integration foo^to say) of the well knofwn theorem that any 
number U equal to the suii of the totients of its several dlvtsore. The intro- 
duction to tables will he found very suggestive, and besides cdiuaw an 
interesting biMiograpby of the subject of Yarey series lAr 

comwising, among other writers upon it, the names of Cau^, Olaisher, a«i^ 
®rO. Aip'i tho last-named lui author of a paper on toothed wheefi, pvl^ 
Uflhed, I belMve, in the **Sele^d Papers *’ of the Institute of Mecbimi^ 
Eng^ers. The last word on the subject, as for as 1 am aware, forms opd of 
rile or rwher the to my "'Constructive Theoiy 

Partitlntit, published In the Amtriaam Journal ^ 
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-tli«!msh it w«f neceteuy to intrbduct irtAiMoi ui modiAcatioos of 
d^Rimd Also new mod€» of expertmenutioti. iC^e bArs expeti^ 
mentod on were of f peoialiy prepared wmjjfht-iron andeast-stee! f. 
an the rods were finely poUahod; ^nd the .general physical pro- ^ 
parties' of the rntfal* *re given torlTable B. St eel ban were eoi^ ' 
ployed In somedl^^lhe eapenmentl, because after magnetization by 
the coil their s»!ii|B^nent Tnfiae^ to permanent nmgnets could 
be observed. The t«ageiHiv|U^kw as electrolytes consisted 
of varioto sotatioas of brdmila chloride, and chlorine 

water, fcrrons sblphate, ferrlo tmoeUU^ oOpric chloride, cupric 
sttlphate, cupric nitrate, cupric acetate, copiic bromide, nickel 
chloride, hydrochloric, add, nitric acid, and potassium chlorate. 

A pair of bars in each experimeiit Were immersed elements in 
the solution in the special apparatus employed, in circuit also 
with a delicate galvanooMter, and ^er normal galvanic equili- 
brium had been obtained the bar within the coU was magnetized 
for various periods and the magneto-chemical effect observed. 

It was found to vafy wHh the nature of the metal and solution 
employed, and also with the extent of the magnetization of the 
metals. The average results of many repeated experiments are 
given in numerous detailed tables, and it was generally found 
that a magnedzed bar became electro- positive to an unniagnetized 
one. In Parts 1 . and II. n total of near 600 iron and steel bars 
have been experimented upon. ExpenmenU were also made 
showing that local currents were developed in a magnetized bar 
l>etween the more highly and less magnetized parts thereof, 
when the rod was immersed in suitable solutions acting 
chemically upon it. 

Interesting exi^riments have also been made in c >naection 
with the induence of magnetization on the action ol strong nitric 
acid on iron and steel. In course of the research the ixrsiilts of 
an extensive quantitative study of magneto- chemical phenomena 
have been recorded, the effect in connection with a considerable 
variety of typical reagents having lieen carefully o^rved ; with 
^ome reagents the effect was found to be comparatively small, in 
other instances it was somewhat considerable. The general 
conclusion was that under the conditions recorded a magnetized 
liar was electro-positive to an unmagnetized one, when the two 
were immersed m suitable solutions, and that the extent of the 
result was in some degree de|^endent both on the nature and 
strength of the solution, and also on the extent of the magnetiza- 
tion of the mcul. 

June 7. — Note on the Volumetric Determination of Uric 
Acid.” By A. M. flossage, B. A. Oxon. 

It seemed improbable that the method recently proposed by 
Dr. Haycraft for the volumetric determination of uric acid in 
urine could l>e accurate, since both Salkowski and Maly had 
previously shown that the precipitate of silyer urate obtained 
from urine contains variable quantities of other urates. To test 
the method, I examined samples of various urines both by his 
method and by that of Salkowski, which is universally acknow- j 
ledged to be the most trustworthy. The mcem peicemages of 
uric acid found were as follow ; — 

Experiraent 1. II. Uh IV. V 

Haycraft*s method o*to8 0*076 0 082 0 072 0108 

Salkowski's method 0 084 0 035 o 051 o 035 0*084 

The results obtained by Haycraft 's method were always con- 
siderably higher than th'>ae obtained by SalkowskiN. The 
reason of this is that Dr. flaycraft hoe assumed that the silver 
precipitate from urine consists of a urate containing only i atom 
of silver in the mplecole, whereas the proportion of silver in 
silver urate corresponds more nearly to 2 atoms in the molecule. 
Assuming, then, that there arc a atoms of silver in all the 
molecules of the urate, and dividing the results obtained by 
Haycrafi’s method by two, we see that the results so obtained 
arc usually lower than those obtained by Salkowskfs method, 
and that the proportion between the results by the two methods 
varies, os would be expected from Salkowskfs researches. 

Edikbuegh, 

flUeyal Society, June 4t— Dr. John Murray, Vice-President, 
in the chair. — Dr. G. Sims W<^head exhibited a series of 
] 9 hotOgZaphs 6f large sections of the lung. A paper by the 
Astronomer-Royal fin- Scotland on ScottMi aieteorolagy for the 
' lastUmrlynwo yeara was iwwk— Dr* Er Seae reed a paper on 
John computation ef the mio of the diameter to the 

^kncumlWence of a drde.*-A paper by Ldrd Affdoreo on the 
^ure of opktkaiic tenses was reod-^Prof. TMt sabmitted some 
qaaicmiott itotes; 


Jane lfl»t^Tho Hon. Lord Maclaren, Vice-President, in the 
dtali.-^The Secretary exhibited M. Amagat's photographs of' 
the crystallization of blonde of oai^boO under pressure alone. — 
A paper by Prof. W. Carmichael McIntosh and Mr. £. R 
Prince, St. Andrews' Marine Lohotatory, was communicated. — 
A paper by Prof. Anglin on ceitiUJi theorems mainly connected 
with alternants, was read.— *Pzof. Haycraft and Dr. K. T. 
WiUianison a demonstnUion of a method, which can be 
used chemicaifv, for esti.^ 4 lt^| qualitatively the alkalinity of the 
blood.-— A pteliminary updlp of a paper by Dr. G. N. Stewart 
on electrolytic decomposHloS of proteid substances was submit- 
ted. — Papers by Dr^ A. Griffiths, on the Malpighian ti|hules 

of LihtUnla deptma^ Oitd on a fuogoid disease in the roOt^ .of 
Cucumis sativ^t ware communicated* 

PAitis. 

Academy of Sciences, July 2.— M. Janssen, President, io 
the chair. — Reply to Mr. Dottjjito Archit>ald's strictures on the 
subject of stoenis, by M. H. Jroye. The storm laws, as esta- 
blished by the observations of Capper, Piddington, Reid, and 
Rcdfield, one declared to he one of the greatest disc tveries of 
the centuiy, and their truth is here vindicated against the recent 
attacks 0/ Prof. Loomis, Dr. Meldrum, and especially Mr. E. 
Dougloa Archibald, in Nature fipr June 14 (p, 149). Archi- 
balds diagram of the Manilla cyclone of October 20, 1882, is 
here reproduced, and it is cornered that these highly charac- 
teristic phenomena can be explained only by admitting a 
motion in the central part of the cyclone. But on 
the opposite supposition it is precisely here that the 
current should be strongest, for this central region cori'e>ponds 
exactly to the minimum of barometric pressure. The error in 
this theory of his opponents is attributed to a confusion l>eiween 
two quite distinct kinds of depressions, a confusion which has 
for fifty years impeded the progress of meteorological science 
and increased the perils of navigation.— On the cidtivaiion of 
Bcrmaria in Provence, by M. Naudin. The atuiu>r reports that 
the white species {//, w/Vw), lately introduced from China, 
thriven well m the Amihes district, where the green variety (i?. 
u/iJii) has long been acclitnaiized. The foliage make^ excellent 
fodder for cattle.— Automatic control of the velocity in machinery 
of vaiTable action, by M. H. LeautcL An apparatus, the result 
of many years’ study, is here described, by means of which the 
action of engines may easily be regulated, even when required 
to work at varying rates of speed,— On a compass enabling the 
observer to find ine meridian on land or water despite the dis- 
turbing influence of iron, by M. Bisson. An ingenious appa- 
ratus is described by means of which the compass may be pre- 
vented from deviating more than one-tenth of a millimetre, even 
in the neighbourhood of iron. It has been tested with satisfactory 
results on board several French ironclads, and works equaJJy 
well by land or sea. —On the snows, ice, and waters of Mars, by 
M. Flaminarion. In reply to some recent remarks on the 
meteorological condition of this planet, it is pointed out that the 
varying state of the polar ice -caps has long been carefully 
observed by Maedler, Schiaparelli, and others, the inference 
Iteing that Mors is not in a state of glaciation. On the oonirary 
its temperature is equal 10, if not higher, than that of |he earth, 
and its polar snows melt periodically to a far greater extent than 
on out planet.— On the graphic representation of numerical 
divisors, by M. Saint- Loup. By adopting a rectartgular distribu- 
tion of the numerals, the author an'ivei at some practical results 
on the general grouping of the prime numbers.— On the deter- 
mination of the constants and of the dynamic coefficient of elas- 
ticity for steel, by M. E. Mercadier. By the method already 
indicated {CvmptiS nndus^ July and August, 1887), the author 

here determines the relation ^ of the constants for steel. In 

a future paper will be geven the results of the experimen s under- 
taken to determine the coefficients of electricity.— On the 
mechanism of electrolysis by the process of alternative cur- 
rents, by MM. J. Chap^is and G, Maneuvrier. The 
recogniz^ impoaaihility of elecirolysing tbe sulphate of 
Gopjxr by alternative currents is explainea by the the >r)' that 
the copper deposited on each electrode by one of the currents is 
hamedioiety ^saipated by the invene current. ThU expiana- 
lion is here justified tbe authors* experiments, which render 
visihU the doeojnposkioo of the sulphate of copper, os they had 
previouriy done lor ockblated water. From this experimental 
otody they to dvhice the gBsetil principles for the prac- 
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tical application of altemativt current* in the prooeis 0f electro- 
lysis.^^ppHcation of Carnot^s principle to endothermic re- 
actios, by M. Pellat By (Ustiii^ishing between the tempera- 
ture of the bodies giving rise to the endothermic reaction and 
that of the source supplying in the form of beat the energy 
needed for the ration, the author is Jed by the application of 
Carnot’s principle to a law analogous to that of Potier, but of a 
more general character, — On the hydrochloratc of cupric 
cblori^, by M. Paul Sabatier, The author admits the privity 
of M, Engel’s researches on the properties and preparation of 
thia substance, but points out that this chemist gives it a very 
dUfarant composition from that which he has himself obtained, 
mid which is represented by the formula CuCl, HCl, 5 ^ 0 - — 
On the artificial reproduction of the micas and of scapolitc, by 
M. Ooelter. A process is described, by means of which the 
author has artificially reproduced the ^ief minerals of the mica 
group, as well as of natural scapolite. He hm already effected 
the synthesis of biotite, phlogopite, muscovite, and lepidoUte 
<sinnwaUUte variety).— Fresh physiological researches on the 
organic substance which has the proper^ of hydrogenating 
sidphur, by M. J. de Key-Pailhade. During his further study 
of this substance, to which he has given the name of philothion, 
the author has determined several new facts, amongst others 
that when the yeast is treated by reagents, the death of the 
organism always precedes the destruction of this organic sub- 
stance. Philothion is generated by the physiological develop- 
ment of the yeast, and combines with sulphur according to an 
equation of which sulphuretted hydrogen is a factor. Acting 
as a diastase, it adds a fresh proof to M. Berthelot’s theory of 
fermentation. Lastly, it is the first known instance of a sub- 
stance extracted from a living organism which has the property 
of hydrogenizing sulphur. — Prof. Langley has been elected by a 
large majority to succeed the late M. Roche as Correspondmg 
Member of the Academy on the Section of Astronomy. 

Berlin. 




to these researches th^musclc'* fibre of the Vertebrata egoists of 
a network of doubly-re&active filaments^ whose meshes are ^ed 
with the semi-fiuia plasmatic substance. In Artbropoda the 
structure differs according as the muscle is ti^en from the wings 
or the legs ; when taken nnom the latter the structure is extremely 
simll.nr to that in the Vertebrate. In the fftiscussion whim 
followed. Dr. Benda pointed out that being engaged for years in 
studying the structure of striated rausde he had often emtained 
preparations similar in appearance to those of Dr. van der 
uehnehten. but his interpretation of these appearances was very 
different. He pointed out, moreover, that he had often observed 
transitional forms between the muscles of the leg and wing in 
Arthropoda and those of Vertebrata. 'Without entering ante 
any details, Dr. Benda gave It as his opinion that the network in 
a striated muscle-fibre must not be i^arded as contractile, but 
as a connective-tissue interstitial substance, in whose interspaces 
the really contractile muscle fibrillse lie. 

In the report of the meeting of the Physical Society in 
l^ATURE of June 21, p. 192, for *^Dr. Lummer” (line 37 from 
the bottom) read ** Prof, von Helmholtz. *’ 
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Physiological Society, June 22.— Prof, du Bois Reymond, 
President, in the chair. — Dr. H. Virchow spoke on the blood- 
vessels of the eye in Carnivora as worked at by Bellarminoff 
under his direction. The communication was illustrated by 
drawings and the exhibition of preparations. The points of 
most general interest which stand out from among the mass of 
details in tjhis research are that the blood-vessels of the eye have 
a tendency to form rings from which a large number of fine 
branches pass posteriorly ; further that the arrangement is often 
very different ii\ difierent classes of animals, thus, for instance, 
the course of the arteries in the eye of a dog as compared with 
that of a rabbit is such that the dog’s eye diust be turned through 
an angle of rSo® in order to make the course of Its arteries 
correspond with that of the rabbit’s eye. — Dr. Heymans com- 
municated the results of his researches on the nerve-endings in 
the unstriated muscle- fibres of the medicinal leech. In the 
alimentary canal of the Hirudinea the muscle-fibres are placed 
both longitudinally and circularly ; they consist of a contractile 
sheath and a protoplasmic axis containing the nucleus, and 
either have pointed ends or else divide into two or more branches, 
each of which then ends in a point. The muscle-fibres are 
separated from each other by large interstitial spaces filled with 
connective tissue, in which the nerve-plexus lies and sends fine 
nerve-branches into the muscle-fibres. The nerves end partly as 
extremely fine filaments and partly as round, flattened end-plates, 
and in no cose does the nerve -ending penetrate the contractile 
sheath of the fibre so as to come into connection with the proto- 
plasmic axis. In the vascular system of the leech the muscular 
layers are principally disposed in a circular fashion, but frequently 
the speaker noticed that at some point or another a circular fibre 
divided itself into two branches, and that the latter were then 
bent through a right angle so as now to in a longitudinal 
course in the wall of the blood-vessel. Th^ nerve-endings in 
the fibres of the vascular system are the same as in those 0? the 
alimentary canal. Similarly, the muscle-fibres in the vascular 
system do not lie in close apposition to each other^ but are 
separated by interstitial spaces ; each fibre also contains only 
one nucleus.— Dr. van der Gehnchten, of Holland, gave a short 
abstract of his observations on the minute structure of striated 
muscles in Vertebrata and Arthropoda. He described the 
appearance of the muscles in the fresh conditions, after the coagu- 
lation of the myosin and after the solution of the amorphous 
proteid, and illustrated his statements by drawings. According 
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THURSDAY, JULY^19, 1888. 


THE CHOICE OF A CHEMIST TO THE NAVY. 

S IR HENRY ROSCOE’S watchful regard of the tru^ 
interests of science was evidenced by his recent 
question in the House to the First Lord of the Admiralty, 
whether, in consequence of the resignation of Dr. Debus 
of the Professorship of Chemistry in the Koyal Naval 
School at Greenwich, it was proposed to reduce the status 
of this post to a lectureship ; and if so, whether he would 
take into consideration the inexpediency of this step 
being taken, in view of the importance to naval ofheers of 
a knowledge of this science, and of the necessity that in 
the Government Naval School the post in question should 
be filled by a gentleman of the highest possible scientific 
position and attainments. 

Lord G. Hamilton is reported to have replied that the 
resignation of Dr. Debus, Professor of Chemistry at the 
Royal Naval College, had only just been received by the 
Admiralty, and therefore it would be premature to make 
any statement as to the manner in which it may be 
thought desirable to fill the vacancy so caused. The 
policy of the Admiralty was always to inquire into the 
circumstances of any appointment of this kind that may 
fall vacant, with the view of adjusting the salary to the 
requirements of the day. 

It must be obvious that this statement savours most 
strongly of officialism, and that it affords no information 
whatever with regard to the views and intentions of the 
Admiralty. We have already clearly indicated what are 
the requirements of the day, and Sir Henry Roscoe has 
given emphasis to our views ; but it is more than probable 
that unless attention be again directed to the importance 
of the issues involved in the appointment of a chemist to 
the Navy the course of action indicated in our previous 
article as likely to be followed will inevitably be adopted. 

We therefore without hesitation again urge that in a 
case of this kind only one course can be adopted with 
safety by the Admiralty, if the interests of the nation are 
to be considered—that course is to engage the services 
of the best man available. No candidate's claims should 
be considered unless it can be shown that he is a trained 
chemist, and has been actively engaged in the pursuit of 
«€w knowledge ; and unless it appear probable that he is 
enthusiastic and single-minded enough to continue to 
interest himself in research work and to lead his senior 
pupils to engage in research. We are fully aware that in 
imposing this standard we are demanding higher quali- 
fications than many may consider necessary ; that some 
may even think that nothing more is required at Green- 
wich than one who will teach young midshipmen the 
elements of chemistry and simple analysis fairly well ; 
but to this we demur most emphatically, believing it to be 
incontestable that the science of chemistry may minister 
directly and indirectly in so many ways to the wants of our 
Navy that it is essential to give it the highest possible 
footing in the course of study at a naval college. 

In the recently published life of W, E. Forster, a 
fragment of conversation at a dinner party preserved by 
Mrs, Forster is recorded which will be aptly quoted 

here. Mr. said that was always going about 

ftsklqg feo{de what was the ideal towards which they 
Voi- xxxvni.— No. 977. 


were working, and there was a laugh at the notion. But 
my husband did not join in it, saying that, for his part, 
if he was not constantly thinking of the ideal which he 
was working up to, he should not be able to get on at all." 
We venture to think that the infertility of British chemists 
and the inferior position which chemistry holds in, this 
country, especially at our two great universities, as well as 
pur failure to excel in those industriesin which chemistry 
plays an impurtaut part, are due to the absence of an 
ideal among our chemists generally in any way approach- 
ing to that which has long obtained in Germany, 
where no higher grade appointment can be bestowed 
except on a man who is master of his subject, and not a 
past-master even but an active worker ; and it is the 
absence of any such ideal which in cases like the present 
renders it possible for the authorities to entertain the 
suggestion of reducing the status of the post at Greenwich, 

We believe that a master chemist is required at Green- 
wich for a variety of reasons. Firstly, as a matter of 
national honour ; secondly, because, as we have already 
said, the subject must be taught technically, t\e. with direct 
reference to the knowledge and requirements of the stu- 
dents ; thirdly, because the students are not only young 
beginners, but are of all ages, including many men of 
ripe experience, and it is scarcely necessary to remark 
that no one who is not a thorough chemist can possibly 
gain the sympathies of this latter class ; and, lastly,^ 
because no one who is not himself actively engaged in 
research will remain au courant with the progress of 
knowledge, and will be able to select and incorporate 
into his teaching important new facts, thus avoiding the 
otherwise inevitable tendency to teach in a stereotypcdl 
and bookish fashion from year to year. 

The proper man being found, he should be told at the 
outset that it is expected that when engaged in investiga- 
tion he will devote his attention primarily to problems of 
importance in the Navy ; a short intercourse with men 
versed in naval affairs and requirements would soon fur- 
nish an active-minded chemist with more than sufficient 
subject-matter meriting attentive study. It is more thaa 
probable that if a good example were set, and a spirit of 
enthusiasm kindled among the students, officers who had: 
been led to take a real interest in chemistry would be 
willing, in the intervals of enforced inactivity when they 
were not on service, lo devote themselves to research ; 
and if but moderate encouragement were given to such 
men, we can conceive that Greenwich at no distant date 
might become an important school of naval research. 

Unfortunately it is only too obvious that the public are 
slow to heed the repeated warnings of experts that our 
competitors in commerce are outrunning us largely be- 
cause of their readiness to avail themselves of the aid;^ 
which science can afford to industry. The evidence that 
foreign Governments are more anxious than is ours to 
make every possible use of science in the service of the 
Army and Navy is also growing daily ; but we are con- 
fident that in the present instance the danger of the 
retrograde action which appears to have been contem- 
plated having been pointed out. the naval authorities will 
not allow themselves to be guided by shortsighted ad- 
visers, and will no longer countenance any change which 
does not enhance their opportunities of receiving aid 
from so aIi*important a branch of science as chemistry. 
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NEIV WORKS ON LEPIDOPTERA. 

South African Butterflies : a Monograph of the Extra- 
Tropicul Species. By Rowland Trimen, F.RS., dec., 
asftssted by James Henry Bowker, F.Z.S. Vols, I. and 
II. Royal 8yo. (London: Triibner and Co., 1887.) 
Descriptions of New Indian Lepidopterous Insects from 
the Collection of the late Mr. W. S. Atkinson^ M.A4 
Part III. Hetcroccra (continued). By Frederick Moore, 
F.L.S., &c. 4to. (Calcutta : Published by the Asiatic 
Society of Bengal, 1888.) 

M ore than twenty-one years have elapsed since Mr. 

Trimen finished the publication of his “ Rhopalo- 
cera AfriciC Australis.^' During the whole of this time he 
has kept the subject of South African butterflies steadily 
in view, and the number of additional species discovered in 
South Africa is so large that he has chosen a new title for 
his book rather than call it a second edition of the old one. 

Between 1866 and the present time the number of 
species of butterflies known to inhabit South Africa has 
swollen from 122 to 380, and instead of a small octavo 
volume we have now before us two out of three royal 
octavo volumes of goodly dimensions. This progress in 
the study of a favourite group of insects in South Africa 
probably represents a similar progress in the knowledge of 
the butterflies of the world, for nearly everywhere it has 
been increased by rapid strides. 

Mr. Trimen has had the advantage of living in the 
country the butterflies of which he describes, and he has 
been in close correspondence with numerous enthusiastic 
helpers, foremost amongst whom is Colonel J. H. Bowker^ 
whose name appears on the title page as Mr. Trimen's 
coadjutor. 

The earlier chapters of the work are devoted to general 
subjects relating to insects and leading up to the special 
subject in view. In all this portion Mr. Trimen has exer- 
cised admirable judgment, giving the leading points in 
concise but clear language. The classification adopted 
is that of Mr. H. W. Bates, which has now stood the test 
of many years' practical working, hardly any important 
alteration having been made in its main features since it 
was published. Still, much remains to be done before 
some of the great families, such as the Lyca:nida: and 
Hesperidx*, and sub-families, such as Satyrinac and 
Nymphalinae, can be reduced to order. 

As is well known, the front pair of legs in the imago 
provides one of the most important characters for deter- 
mining the families of butterflies. Their examination 
affords a most interesting study. Owing to improved 
methods of preparing these limbs, whereby their scaly 
clothing is cither destroyed or rendered invisible, they 
can be conveniently arranged for microscopic examina- 
tion. The full extent to which they arc atrophied is 
thus clearly revealed. The front legs of the males in the 
members of some families have their tarsal joints either 
more or less fused together or reduced to a single 
atrophied joint ; but the vaiiation in the extent to which 
this takes place is great. It sometimes also happens that 
when a number of individuals are examined, one will 
be found in which rudimentary spurs appear, and even 
unsymmetrically and attached to one tarsus only and not 
the other of the same insect. In some cases recently 
examined, ma^es in the Erycinidae have been found with 


the front legs furnished with the faU complement of joints 
and with claws. The like occurs in the Lyesenidse both 
in America and in South Africa. Such cases, however, 
are exceptional, and though they break down to tome 
extent the universal application of these charajcters to 
the discrimination of families, discrepancies are only to 
be expected, and the wonder is there are so few of tbem. 
Mr. Trimen appears to have studied this part of his 
subject with care, but a closer examination than is usually 
made will repay the labour of arranging the preparations. 
Though the variation in the relative lengths of the femur, 
tibia, and tarsus have been compared, the coxa has 
seldom been taken into consideration. Yet it, too* 
furnishes useful points for distinguishing forms, and in 
the case of the Erycinidae the prolongation of this joint in 
thS male front leg beyond its junction with the trochanter 
is diagnostic of the family. Mr. Trimen has not made 
any use in his classification of the varied structures pre- 
sented by the secondary sexual characters of the terminal 
segments of the body ; but there can be little donbt that, 
as improved methods of preparation are discovered, these 
characters will be found very useful in determining the 
relationship of species if not of genera. 

The limits of the fauna treated of, as the title of the 
book states, extend from the Tropic of Capricorn south- 
wards to the Cape of Good Hope. This district forms a 
sub-region of the great African or Ethiopian region. Its 
distinguishing characteristics are mainly negative, only 
six out of the sixty-nine genera not being found elsewhere, 
though 195 out of 380 of the species are peculiar. Whether 
the northern limit of this section of the African fauna 
really lies along the tropic remains to be seen, as our 
knowledge of the butterfly fauna north of this line is very 
meagre : of the interior wo know nothing, and of the 
coasts not much.* Regarding the internal distribution of 
the species, it would appear that the western and central 
portions, as well as that in the neighbourhood of the 
Cape, are poor in species. During a residence of over 
twenty-five years, Mr. Trimen has succeeded in captur- 
ing only forty-seven species within a radius of twelve 
miles from Cape Town. In the eastern districts the 
fauna is richer : Natal produces 206 species, and in the 
neighbourhood of Delagoa Bay many additional species 
occur. Each species is very fully described in this work, 
and many useful notes are added whereby the allied form^ 
may be discriminated. Their history and range are also 
given with great precision. The larvge and pupse of many 
species are described, and this feature is a very acceptable 
addition, as most works on exotic Lepidoptera are silent ^ 
on the subject. 

The portion of the introduction that will be read with 
the greatest interest is that which relates to protection, 
resemblances, mimicry, &c. (pp* 32-40). A concise 
summary of the best work on this subject is given ; and 
the instances furnished by the African butterfly fauna arc 
described more in detail Some years ago Mr. Trimen 
brought forward some very interesting cases of mimetic 
resemblances in butterflies, the most important being 
that in which P apt Ho merope is involved. He was able 
to prove that, wherever it is found, the females of this 
species take the pattern of a Danais, and though the 
males hardly vary ovfr a very wide area, the female 
varies with the Danais in each district except in 



NATURE 


«67 


19, 1888] 


fim/ii^S^KSiT and Abyssinia, where females and males 

Art alike. 

The plates, on which a selection of the less known 
fipecies are depicted, are chromolithographs, and are 
rather uneven in quality, as is usually the case in 
drawings of butterflies by this process. Some of the 
figures are admirable, while others, such as the Lyccunidac^, 
are not at all satisfactory. Notwithstanding this defect, 
we can safely say that Mr. Trimen's ** South African 
Butterflies’* is the best-planned and best-executed work 
of its kind that has yet appeared. It cannot fail to 
promote an accurate study of the Lepidoptera of the 
country of which it treats ; and it may serve as a model 
for entomologists to follow when writing of the bultcrtlies 
in other portions of the world. 

Mr. F. Moore’s book on new Indian Lepidoptera, the 
third and concluding part of which is before us, is a work 
of a ver>^ different character from Mr. Trimen’s, and con- 
sists of descriptions of new species from the collection of 
the late Mr. W. S. Atkinson. Mr. Moore has long been 
engaged on work of this kind, and every year issues | 
scores of descriptions of Lepidoptera, chiefly Heterocera, 
of India. His former position as Assistant Curator to | 
the Indian Museum placed him in communication with 
a number of correspondents, w'ho have helped him to 
gather together probably tlie most important collection 
of Indian Lepidoptera in existence. Without such a 
collection no wor*c like the present could be undertaken. 
We confess, however, to a feeling of despair as to the 
future of the subject treated of when we glance at 
the descriptions before us. They are descriptions of 
the barest kind, scarcely relieved by a few comparisons, 
and with hardly a note to break the tedious monotony of 
the frequent repetition of the same characters over and 
over again. Whether future workers will be able to 
determine species by them without reference to the types 
is more than we can say, but wc do not envy them the 
task of trying the experiment. And here we note with 
regret that the types of these species arc not to be found 
in our National Collection, but in the possession of Dr. 
Staudinger, of Dresden, and some of them in Mr. Moore’s 
own cabinets. This might have been otherwise had more 
interest been shown by our home authorities in the 
productions of our great dependency. 

On the title-page of this part it is stated that members of 
the families Pyralida:,Crambida;, Geometridic, Tortricidie, 
Tineidae arc treated of, but in the body of the work new 
species are referred to no less }han twenty- three other 
families of Heterocera. In the present state of the classi- 
fication of Heterocera such an oversight is hardly to be 
wondered at. No serious attempt has been made for 
many years to place the classification of the moths on 
a sound and definite basis. The old systems are to a 
great extent obsolete, and the more recent attempts to 
modify them, by their halting and spasmodic character, 
have increased rather than lessened the confusion. 

Mr. Moore has introduced a number of nfcw generic 
names into this work, but he seldom gives any clue 
to the relationship of the proposed new genus. On 
p. 383 he commences descriptions of some additional 
species” by introducing five new generic names for 
sections of the great genus Papilip. Whether this 
genus should be divided into mahy or left as a large 


^Sgi’cgate of species is a disputed point, but we have 
no hesitation in condemning the plan here adopted of 
thrusting these names upon us in this piecemeal fashion. 
To anyone who will give the whole subject a careful 
examination and work out the diagnostic qj^aracters of 
the groups of this wonderful genus we are prepared to 
give a patient and respectful hearing ; but to name sec- 
tspns here and there, with brief descriptions which are 
anything but diagnostic, is a practice to be deprecated. 

Three coloured plates accompany this part, on which 
eighty-seven species are depicted. These are carefully 
drawn and nicely coloured, and form a substantial 
addition to the book. 

Wc note that the first sheet of this part bears the date 
of September 5, 1887, but the title-page that of i888. 
The meaning of this is not obvious, as the former is 
valueless in face of the later date of the title-page and 
wrapper. 

FACTORS IN LIFE. 

Factors in Life, By H. G. Seeley, F.R. S. “People’s 

Library Series.” (London : Society for Promoting 

Christian Knowledge, 1888.) 

book before us is one of the useful series of 
J- household guide books, published by the Society 
for Promoting Christian Knowledge and intended to 
instruct the people in some of the more important laws 
of health. There are so many guide books on this 
subject at the present time that Prof. Seeley has, we 
feel sure, found it a difficulty of no slight kind to put 
before his readers the material he had in hand, so as to 
feel that he was supplying anything that by its novelty 
could be considered acceptable. Happily the enormous 
importance of his theme has come to his aid, and has 
enabled him to bring forth an essay which makes up 
in ciirnestncss whatever it may, by very necessity, want 
in originality ; for health is like truth — it can never be 
confirmed enough, nor have too many able expositors. 

The factors in life treated of by our author arc 
health, food, and education. Health he defines, very 
tersely, as “the condition of life in which the body 
produces more energy than is lost in performing our 
work”; and then he- proceeds to indicate the various 
methods, habits, and practices by which it can be secured 
by the individual and by the community at large. With 
much prudence the Professor dwells on the obstacles that 
lie in the way of health from the expense that attends 
their application. He illustrates this uncommonly well 
in regard to cleanliness. “ The difficulty,” he says, “ of 
securing the universal practice of the habit is chiefly a 
matter of expense. There are few pleasures more costly 
than perfect cleanliness, since it implies labour in every 
detail” Here, too, he enforces what all practical sani- 
tarians have foreseen, that such labour can never be 
satisfactory unless the woman of the house, the wife, can 
direct and take part in it, “ because servants can in no 
other way become of the same flesh and blood as their 
employers. Personal cleanliness to be of any value 
must extend to all membei;s of a household. It is 
as important for the servants as for the mistress, for 
they arc often exposed to greater chances of infection, 
and have greater capacity for diffusing disease. If the 
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cook and the kitchen are not scrupulously clean, the 
health of the household suffer with every touch given 
to food, and many an obscure derangement of health 
which baffles medical skill is due to this poison of dirt.” 
Touching the question of national cleanliness, we are 
very glad to find Prof. Seeley spotting the greatest of all 
political evils of a social kind — the evil of allowing a 
monopoly to companies for the supply of fresh water to 
the community. “ The wisdom of the State,” he affirms, 
“never permitted any greater obstacle to come between 
the people and their health than the monopoly of water 
companies who make water an article of trade ; *' from 
which saying we only dissent in regard to one word — 
the word wisdom, for which the truer word folly ought, we 
think, to be substituted. 

Prof. Seeley takes a decisive view of the duties of the 
members of the profession of medicine, to whom he 
would apply the drastic reformation inaugurated by that 
heathen Chinee, who makes the doctor earn his fees not 
by treating the man that is sick, but by keeping the man 
that is wWe always free from sickness. The doctor, 
according to this prescription, would keep up the health 
of the household by contract, through which plan there 
would be no necessity for sick-hospitals, sick-beds, or any 
other of the extensive and costly methods now in use 
for keeping up the cure of disease. The whole art of 
medicine would be an art of prevention ; and cure, now 
the almost sole object of the highest skill in medicine, 
would be quite subordinate to prevention. But where 
then would poor medical science be landed ? Every 
man would be his own general practitioner, every house- 
wife would be a physician, every old woman who had 
gained most experience from observation of preventive 
measures would be a consulting physician, and there 
would be nothing to cure. Fie on you ! learned, if not 
jealous, Professor, for suggesting such a heartless disinte- 
gration of the great and noble sciences of pathology and I 
therapeutics. The next time we meet you we will not ' 
speak to you unless you publicly recknt such brazen | 
heresy, and repent in dust and ashes. Seriously, the idea 
of such a change is not far ofif, and indeed has, to some 
extent, commenced amongst the more advanced members 
of the educated community. It is an idea that will 
spread far and wide, and in half a century or so may be 
the fashion of the time. 

On the topic of food our author is very explicit, and is 
strong in his recommendations to feeders generally that 
they should distinguish carefully between foods that are 
bond fide foods, and those which are merely stimulants. 
Tea and drinks of its class owe their popularity to their 
power of arresting waste or nervous exhaustion, and 
this constitutes their superiority over alcoholic drinks. 
Neither, perhaps, is food in the popular sense of the 
term. “ Wine and its allies give a fillip to the nervous 
system, which enables exceptional work to be done at 
the price of increased nervous exhaustion, and draw a 
bill on the strength which must be met at a short date ; 
while tea and its allies enable increased work to be done 
by making the dormant strength available, and discount, 
on favourable terms, the bills we hold on nervous energy.** 
This is sound and plain teaching, told in a concise form, 
that deserves to be retold by all who have the advantage 
of learning from the volume before us. 


We are glad to see that Prof. Seeley inclines calmly 
and judiciously to the advocacy of a more distinctive 
national leaning towards vegetable products as foods. 
He sees that the ease with which animal foods can be 
prepared for the table is greatly to the advantage of their 
popularity, until a better system of cookery is established 
throughout the land, in which vegetable foods shall play 
a more distinguished part than they have ever yet played 
in this country up to the present date. “ The sum,” he 
tells us, “that is annually spent on animal food in this 
country is more than /i 14,000,000, or upwards of a ninth 
' of the national income ; while the sum spent on bread, 
potatoes, and vegetables combined is 127,000,000. By 
a reformed diet it is probable that a substantial saving of 
about 30,000,000 a year might be made in the cost of 
nitrogenous food atone, without any serious change in 
national habits, and with advantage in every way.” 

Turning lastly to the essay on education as a factor in 
life, we find excellent rules for combining education with 
health, and both with good morals. “ Education begins 
earliest in childhood, ends only in death, and survives 
death itself in its effects on after time.” In fact, “ Nature 
has appointed no period for education.” These are some 
of the wise and prudent sayings which the author places 
before his readers, with many others on which we have 
not space to dwell. But it would not be just to conclude 
without directing attention to the summum bonum of 
educational efforts which, in his last pages, Prof. Seeley 
impresses on his countrymen. He deals here with the 
subject of education on its religious side. The religious 
feeling is, he contends, partly an inherited character of 
the race, and partly the»product of education. But, unless 
it permeates and saturates life so that every act and 
endeavour of existence has a basis which unites them into 
one sustained movement onward towards higher things, he 
should not express what he conceives the religious side of 
the education of life should be. The sciences are the 
sisters of religion, in that they unfold something of the 
laws by which the universe is governed and by which the 
life of man is directed. “ They are thus far the stepping- 
stones of faith. And those who have learned that health 
is the reward of moral discipline, that mental vigour may 
be augmented by the wise or moral use of food, and that 
education is the systematic exercise of moral responsi- 
bility in any or all the affairs of life, may find that in the 
practice and the pursuit of the truths of science they arc 
conscious of a religious education which is a light to their 
feet.” The words are true. The words arc a true gospel 
— a gospel new and true and ever-extending; and we 
congratulate the religious Society which has had the 
courage to publish them, as heartily as we congratulate 
the author who has had the good sense and moral faith 
to send them forth for publication. 


THE LANDSLIP AT ZUG. 

Die Cata&ti^ophe von Zug^ $ /u/i, 1SS7. (Zurich ; Hofer 
und Burger, 1888.) 

A N account of this catastrophe, written by Prof, 
Bonney, who visited the scene of ruin, has already 
appeared in the pages of Nature (voK xxxvi. p. 389). 
The present volume, compiled from official docament*i 
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gives a fuller history and more minute details of the 
results of the slip than were at that time accessible. It 
mainly consists of an elaborate report, written by Dr. A. 
Heim, the well-known Professor of Geology at Zurich, 
“ Ober-ingenieur R. Moser, and Dr. A. Uurkli -Ziegler, 
to which are appended brief accounts of the incidents of 
the catastrophe, and of that which occurred in 1435, and 
lastly, a note on the disposal of the fund raised for the 
benefit of the sufferers. Plans and sections (extracted 
from the scries which was attached to the above report) 
accompany the book, and indicate very clearly not only 
the amount of the mischief done, but also its cause, 
which, as already stated in these pages, is the exist- 
ence of a deep deposit of silt beneath the superficial 
gravelly soil. The latter is but a very few feet thick, and 
suffices for the foundation of the less important buildings ; 
the former constitutes the shelving bed of the lake to a 
depth of more than 100 feet. Borings made at various 
stations on the land, not far from the lake margin, have 
shown that this material remains incoherent to nearly the 
above depth, after v^hich it becomes stronger. Hence 
there is always a danger of the underlying silt being 
squeezed outwards into and upon the bed of the lake, and 
the plans and sections furnished with the present volume 
show precisely how the accident occurred. There appear 
to have been some premonitory indications of the coming 
mishap, in addition to the subsidence in the new pier 
wall, which had already excited alarm. The inhabitants 
of certain houses, which afterwards fell, had observed 
sundry small displacements, which were especially shown 
by the jamming of doors and windows ; cracking noises 
also had once or twice been heard. But the actual 
catastrophe was very sudden. About 3.20 p.m, the 
end of the quay wall, which had been completed up to 
a sort of little bastion, began to crack and sink. A 
quarter of an hour later came the first great slip, which 
caused the loss of seven ii ’es. Except for some minor 
slips, there was then a pause for rather more than three 
hours, and then at 6.50 p.in. the second and greater slip 
occurred. A graphic account is given of the terror caused 
by this second catastrophe, which caused the loss of four 
more lives. A third, but comparatively unimportant, slip 
occurred at xo.15 p.m. 

From the plan and sections it is evident that the .second 
slip affected the larger area, both of the land and of the 
lake bed. Each slip forced the loose silt horizontally 
outwards, so as to form a delta-like deposit on the lake 
floor, thus diminishing the depth of the water sometimes 
by about 4 or 5 yards. At the first slip a triangular 
piece of ground, measuring about 80 yards along the shore, 
and some 40 yards to its apex inland, was destroyed, and 
the “ delta ” produced by this, which in outline resembles 
a rather stout pear, is about 350 yards across the wider 
part, and apparently extends to about 450 yards from the 
shore. By the second slip not only a much larger piece 
of the land (with a rudely oblong boundary) was removed, 
but the lake bed opposite to it, for a distance of 230 yards, 
appears to have slipped, so as to form a kind of broad 
trench, resulting in an interval of deeper water some 
SO yards wide. The material thus removed was deposited 
over the deeper part of the lake bed, covering a space 
not quite so wide as that occupied by the former delta,” 
but much more than double the length, for its end is 
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placed 1020 metres from the shore, at a depth ^ 
44 metres. 

These elaborate maps and sections, with the results of 
investigations (by means of borings) into the nature of the 
lake bed, the level of the ground water, &c., give a high 
value to this publication, which maybe commended tothc 
notice of architects and engineers, as well as to those 
interested in the history of Switzerland. 


0 [/R BOO A" SHELF. 

Turbins and Tails ; or^ Sketches in the Unromatic East. 

By Alfred J . Bamford. (London : Sampson Low, 

1888.) 

The author of this book docs not claim to have anything 
very new or striking to tell his readers. He has seen a 
good deal of India and China, and is content with repro- 
ducing, in a popular way, the impressions made upon him 
during his not very exciting sojourn in those countries. 
He has little to say about “ the mild Hindu ” or “the man 
of Han that tends to make us think more highly of 
either. Mr. Bamford, like many English travellers, is apt 
to be impressed by the bad rather than by the good 
aspects of unfamiliar types of character ; and some of 
his sweeping judgments would no doubt have been con- 
siderably modified if, in estimating the intellectual and 
moral qualities of Orientals, he had remembered more 
frequently and vividly than he has actually done, that 
thought and conduct in the East and West cannot always 
be fairly or wisely measured by the same standards. The 
book, however, has the merit of being written in a lively 
style, and the author's judgments, whether sound or 
unsound, invariably result from his own observation and 
reflection. Here is one of a good many suggestive 
anecdotes which brighten his pages : Of what caste are 
you asked an Englishman of a native of India. '‘Oh,” 
replied the native, “ I'm a Christian— I take brandy 
shrab, and get drunk like you.” 

The Photof^aphers No f e-book. By Sir David Salomons, 

Bart., M.A, (London: Marion and Co., 1888.) ^ 

Both amateur and professional photographers, and 
especially those who travel and take a great number 
of photographs per day, will find this little book very 
handy and useful, as it is of a very convenient size and 
contains enough space for inserting the particulars, such 
as number of stop, rapidity of shutter, remarks on the 
light, &c,, of each of fifty-one dozen plates. 

Formula' for enlargement and depth of focus and rules 
for exposure are added, followed by a table, calculated 
by Messrs. Marion, of the correct quantities to be taken 
from 10 per cent, solutions to make up developers for all 
the best known plates. The book concludes with various 
tables, such as area enlarging, enlarging by linear di- 
mensions, and equivalent focal lengths of lenses of 
different sizes and makers. 


LETTERS TO THE EDITOR. 

[The Editor dots not hold himself rtspemsiblt for opinions 
expressed by his eorrespondents. Neither can he under^ 
take to return^ or to correspond with the writers of 
rejected manuscripts intended for this or any other part 
of Nature. No notice is taken of anonymous communi- 
cations.] 

"Cloud Slectrlc Potential.” 

I DESIRE to draw the attention, more particularly of your 
electrical readers, to the following paragraph on p. 651 of the 
eighth edition (1884) of Deschanel's “NaimaJ Philosophy,” 
part iii,, which appears distinctly at variance with the theory of 
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thunderstorms as explained in Prof. Silvanus Thompson's 
“ Elementary Lessons,” and similar elementary treatises : — 
‘*The coalescence of small drops to form large ones, though 
it increases the electrical density on the surfaces of the drops 
does not increase the total quantity of electric'ty, and therefon 
tannot direct iy*infitfcficc obsenu'd teiential.^' 

Surely this entirely omits the fact that the capacity of a sphere 
is equal to its radius, and thus in the case of eight equal spheres 
coalescing into one (which is taken by Prof. Thompson), not 
merely would the density be doubled, but the potential of the 
same (jitanfiiy would be increased four times. 

In the well-known case given by Prof. Tait for the formatiori 
of a raindrop the jiotcniial of the same quantity might be 
increased fifty million times. 

The source of the energy which is the cause of the increased 
potential in this case, is probibly the molecular force of cohe- 
sion released dining the act of comlensation and union, the 
cohesion and the electricity being oppositely placed, so that 
while the former is running down hill (as it were) the lalfer is 
obliged to run up ; the to]) of the hill answering to the critical 
moment for disruptive discharge. 

In view of these facts, it seems to me that if the above 
sentence is not altogether erroneous, it is certainly ambiguous, 
and liable to breed f^aNe notions in the mind of the unreflecting 
and too credulous student. E. nouoi.As Akchibai.u. 


Transparency of the Atmosphere. 

It may he, I think, desirable to correct an error which has 
crept into all tl»e accounts of the ext raonl inary transparency of 
the atmosphere observed here last week. Tt occurred on Sun- 
day, the 8(h, and not on Monday, the qth inst. I can confirm 
the several details as to the objects visible to the unassisted eye. 
But in one respect this effect was surf)a.ssed on August 20, 1887, 
when the doul)lc flasli of the Dunkirk light, distant from this 
place about forty-five miles, was visible for several hours. This 
light could not be seen here on the 8th inst. 

Pavilion Hotel, Folkc ionc, July 16. J. Parnell. 

Preserving the Colour of Flowers. 

In response to the inquiry of A, W.,” perhaps you will 
allow me to say that many years ago I met with Mdlle. d’Aiige- 
villc, the fiist fa<iy to ascend Mont Blanc. She possessed the 
largest and best preserved collection of Alpine flowers I have 
ever seen, and she assured me she never used anything but 
colton-wool in hei pres«, changing it, of course, frequently. 
Her gentians, pedicularias, and other delicate plants were per- 
fect in colour ; and having tried her plan myself, although wdtii 
lew care, and therefore with less success, 1 still have Alpine 
flowers whicli have retained their colour for twenty years. 

54 Doughty Street, July 17. A. W. Buckt.AND. 


Distribution of Animals and Plants by Ocean Currents. 

I.v connection with Miss Buckland’s letter on this subject it 
may he interesting to note that, during a vi>it to Orotava, Tene- 
viffe, in April 1887 (about the time mentioned by your corre- 
Rpordent), lobsrrved and gathered a quantity of pumice-stone 
upon the seashore, the high tide mark being literally strewed 
with it. It seemed probable that it had been deposited there 
some weeks or possibly months previously, as, had there been 
any quantity floating about in the sea, 1 should have noticed it, 
being engaged at the time tow-netting in the neighbourhood 
and in the adjacent Canary Islands. There was no evidence of 
vegetable debris having accompanied the pumice, nor did I 
notice any nieces with barn.^cles attached. 

Liverpool, July 13. Isaac C. Thompson. 


A Curious Resemblance 

'Whilst walking by the pea on the cliffs last Sunday, I per- 
ceived at a distance of almut 1500 yards a flight of nearly forty 
ducks, travelling at a good pace 2 or j feet above the level of 
the water. To me they appeared exactly what the so-called 
“sea-serpent" would, eight or ten of the birds flying close 
togeihcr and forming the head, whilst the rest trailed behind 
and formed the body and tail. At intervals ihcy d/sappeawd. 
This was caused, I think, by the birds changing their course 


and flying either directly away or towards me ; the former, I! 
believe, in my case. 

Some time afterwards I saw two other flights, and thw re- 
semblcil the first exactly, those with me also being surprised at 
their “snake "-like api>earance, W. J. Lockyer, 

Thanet, July 16. 


The Sky-coloured Clouds.** 

There was a very bright display of these clouds last night. 

I could not perceive anything of them up to 10 p.m., though the 
bky was clear, but by 10. 18 they had become conspicuous, and 
were brightest, so far as I observed, near midnight. 

I have seen very little account in any English paper of the 
visibility of these clouds beyond England, nor do T know 
whether they have been seen elsewhere than in Northern 
Europe. Has there been anything published on these points in 
English ? 

Neither have I seen any reference to the extensive observa- 
tions of Herr O. Jesse at Steglilz, with his suggestions to 
observers. He considers it very important that this unusually 
favourable opportunity should be utilized for learning the 
motions of currents at great heights in the atmosphere. He 
suggests that ]>hotographs taken simultaneously from two places 
at a distance of say zo kilometres would be useful for ascertain- 
ing the height of the clouds ; but for this purpose the necessity 
arisc-s of being able to calculate very accurately the azimuths 
and altitudes of different point'^ in the photograph. Their height 
can likewise be determined, though less accurately,. by observa- 
tions of the limit of sunshine upon them. Herr Jesse proposes 
another way akso, viz. by throwing an intense beam of electric 
light on the clouds ; but I should doubt the practicability of 
this. 

The direction and rate of motion coukl be best made out, he 
says, by the use of a cloud-mirror. The changes that take 
place in the forms of the clouds before they have moved far make 
It difficult to ascertain their motion accurately. 

Herr Jc.sse further thinks the intensity of (he light of the 
clouds in different positions should be determined ; also that 
the sky should be examined in the day-time with a polariscope 
and photometer In the hope that the presence of the matter of 
the clouds, then invisible to the eye, might be revealed. 

Sunderland, July 13. ' T. W. Backhouse. 


An Unusual Rainbow. . 

SlNr.ui.ARLY enough I can record the appearance of a rain- 
bow afirr sunset similar to that described by Mr. S. A. Hill 
(Nature, March 15, vol. xxxvii., p. 464). T was not aware 
there was anything unusual jn it until I read Mr. Andrew’s com- 
munication, or would have written to you about it. 1 do not 
remember on what day I saw the rainbow, but it was about the 
date of that observed by Mr. Andrew. I called my wife’s at- 
tention to it, and attributed it to the brilbant glow of the sunset 
tints. It had a secondary bow, and Mont Kogie as a dark 
background. E. L. La YARD. 

British Consulate, Noumea, May 15. 


TIMBER, AND SOME OF ITS DISEASES} 

IX. 

I F the leaves arc stripped from a timber-tree early in the 
summer, or during their young conditions in the 
spring, the layer of wood produced in the current year— and 
probably even that formed next year— will be poor and thin. 
This is simply a fact of observation, and does not depend 
on what ^ent deprives the tree of its leaves. Those oaks 
which suffered so greatly from the ravages of certain tiny 
caterpillars this last summer (1887)— many of them having 
all their leaves eaten away before July — will have recorded 
the disaster by a thin annual ring of wood : it is true the 
more vigorou^s trees produced (at the expense of what 
stores of food materials remained over) a second crop of 
leaves in August, and so no doubt the zone of wood will 
prove to be a thin double one, but it i$ at the expense of 
next year’s buds. 
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Now there are very many foes which injure the leaves 
of our timber-trees, and 1 wish to show, as clearly as pos- 
sible in a short article, how it conies about that injury to 
the leaves means injury to the timber. The sum total of 
the matter is that the substances which are to be sent 
down to the cambium, and converted through its agency 
into wood, are produced in the ceils of the leaves : conse- 
quently, from our point of view, when an insect or a 
fungus consumes the substance of the leaves, it consumes 
timber in prospective. Similarly, when the leaves are re- 
moved from a tree by any agent whatever, the latter is 
robbed in advance of timber. A leaf, generally speaking, 
is an extended, flattened portion of a branch, covered 
by a continuation of the epidermis of the branch, and 
containing a continuation of its other tissues— the vascular 
bundles of the branch being continued as the venation, 
and the cellular cortex reappearing as the green soft tissue 
of the leaf. The epidermis of the leaf is so pierced at 
hundreds or thousands of nearly equi-distant points, that 
gases can enter into or escape from all its tissues ; at these 
points are the so-called stomata^ each stoma being a little 
apparatus which can open and close according to circum- 
stances. 

These openings lead into excavations or passages 
between the loose cells of the softer leaf-tissue, and if we 
supposed a very minute creeping organism to enter one 
of the stomata, it would find itself in a labyrinth of inter- 
cellular passages ; supposing it able to traverse these, it 
could pass from any part of the leaf to any other between 
the cells ; or it could emerge again from the leaf at thou- 
sands of places— other stomata. In traversing the whole 
of the labyrinth, however, it would pass over many 
millions of times its own length Moreover it w'ould 
find these intercellular passages filled with a varying 
atmosphere of diffusing gases — oxygen, nitrogen, the 
vapour of water, and carbon-dioxide being the chief. It 
would also find the cell- walls which bound the passages 
damp, with water continuous with the water in the cells. 
If we suppose our hypothetical traveller threading the 
maxes of these passages at night, and able to perceive the 
changes which go on, it would find relatively little oxygen 
and relatively much carbon-dioxide Jn the damp atmo- 
sphere in the passages ; whereas in the daylight, if the sun 
was shining brightly on the leaves, it would find the atmo- 
sphere rarer, and relatively little carbon-dioxide present, 
but an abundance of oxygen, These gases and vapour 
would be slowly moving in and out at the stomata by 
diffusion, the evaporation of the watery vapour especially 
being quicker on a dry, hot, sunny day. | 

Inside the cells between which these tortuous passages 
run, are contained structures which have much to do with 
these changes. Each of the cells I am considering con- 
tains a lining of protoplasm, in which a nucleus, and a 
number of small protoplasmic granules, coloured green, and 
Called chlorophyll corpuscles, are embedded ; all these are 
bathed in a watery cell-sap. 

Now, putting together in a general manner some of the 
chief facts which we know about this apparatus, it maybe 
said that the liquid sap inside the cells gives off water to re- 
place that which escapes through the damp celh walls, and 
evaporates into the above-named passages and out through 
the stomata, or at the surface. This evaporation of the 
water is in itself the cause of a flow of more water from 
behind, and this flow takes place from the vascular bundles 
forming the so-called venation of the leaf, coming; directly 
from the wood of the stem. The course of this water, 
then, it from the soil, through the roots, up the young 
wood and into the venation of the leaf, and thence it 
is drawn into the cells we are considering. But this water 
is not pure water : it contains in solution snxall quantities 
of talts of lime, potash, mamesia, nitric, sulphuric, and 
photphetic acids, as well as a little common salt, and traces 
of one ot two other things. It is, in fact, of the nature of 
ordinary drinking-water, which always contains minute 
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quantities of such salts ; like drinking-water, it also con- 
tains gases (oxygen, nitrogen, carbon-dioxide) dissolved 
in it 

It follows from what hasbe^n said that the cell-sap tends 
to accumulate small increasing quantities of these salts, 
&c., as the water passes away by evaporation. But we 
must remember that the living contents -the protoplasm, 
nucleus, and the green chlorophyll-corpuscles — use up 
many of these salts for their life-purposes, and other 
portions pass into the cell-walls. 

It will thus be seen that the green chlorophyll-corpuscles 
are bathed by a fluid ccll-sap, the dissolved gaseous and 
mineral contents of which are continually changing, even 
apart from the alterations which the life* processes of the 
living contents of the cell themselves entail. We may say 
that the chlorophyll-corpuscles find at their disposal in the 
cell-sap, with which they are more or less in direct con- 
tact, traces of salts, oxygen, carbon-dioxide, and of course 
water, consisting of hydrogen and oxygen. 

Now we have the best possible reasons for knowing that 
some such changes as the following occur in these chloro- 
phyll-corpuscles, provided they are exposed to sunlight : 
they take up carbon-dioxide and water, and traces of 
minerals, and by means of a molecular mechanism which 
is as yet unexplained in detail, they perform the astonish- 
ing feat —for it represents an astonishing transformation 
when regarded chemically and physically— of tearing 
asunder, by the aid of the light, the carbon, hydrogen, and 
oxygen of the carbon-dioxide and water, and rearranging 
these elements in part so as to form a much more complex 
body— starch, or an allied compound, oxygen being at the 
same time set free. 

It is of course not part of my present task to trace these 
physiological processes in detail, or 10 bring forward the 
experimental evidence on which our knowledge of them 
is based. It must suffice to state that these compounds, 
starch and allied substances, do not remain in the chloro- 
phyll-corpuscles, but become dissolved and carried away 
through certain channels in the vascular bundles of the 
venatiop, and thence pass to wherever they are to be em- 
ployed as food. The chemical form in which these sub- 
stances pass from one cell to another in solution is chiefly 
that of grape-sugar, and it is a comparatively easy observa- 
tion to make that the cells so often referred to contain 
such sugar in their sap. 

We are only concerned at present with the fate of a 
portion but a very large portion —of this starch and 
sugar : we can trace them down the vascular bundles of 
the venation, through the leaf-stalk, into the Cortex, and 
eventually to the cambium-cells ; and it is necessary to be 
quite clear on the following points : (i) the cambium-cells, 
like all other living cells which contain no chlorophyll, 
need to be supplied with such foods as sugar, starch, &c, 
or they starve and perish ; (2) since these foods are pre- 
pared, as we have seen, in the leaves, and in the leaves 
only, it is obvious that the vigour and well-being of the 
cambium depend on the functional activity of the leaves. 

We have already seen how the cambium cells give 
rise to the young wood, and thus it will be clear how 
the formation of timber is dependent on the functional 
activity of the leaves. Moreover, it ought to be mentioned, 
by the way at least, that it is not only the cambium 
which depends upon the leaves for its supplies— all the 
roots, young buds, flowers, and fruits, &c., as well as 
the cortex and cork-forming tissues, are competitors for 
the food supply- Now it is clear that if we starve the 
buds there will be fewer leaves developed in the follow- 
ing year, and so next year's cambium will again suffer, 
and so on. 

1 have by no means traced all the details of even the 
first ramifications of the complex network of correlations 
implied by this competition of the various organs and 
tissues for the food supplies from the leaves ; but probably 
the following proposition will be generally clear ; — If the 
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leaves are stripped, the cambium suffers starvation to a 
greater or less extent, depending on the intensity of its 
competition with other tissues, &c. ; of course a starved 
cambium will form Jess wood, and, it may be added, the 
timber will be ^orer. 

Again, even if the leaves are not stripped quickly from the 
tree, but the effect of some external agent is to shorten their 
period of activity ; or to occupy space, on or in them, and 
so dimmish the amount of leaf-surface exposed to the light 
and air ; or to block up their stomata, the points of egress 
and ingress for gases and water ; or to steal the contents 
of the cells — contents which should normally be passed 
on for the growth, &c., of other parts of the tree— m all or 
any of these ways injury to the timber may accrue from 
the action of the agent in question. Now there are 
numbers of parasitic fungi which do all these things, and 
when they obtain a hold on pure plantations or forests, 
they may do immense injury before their presence is 
detected by anyone not familiar with their appearance 
and life-histories. 

The great difficulty to the practical forester who 
attempts to deal with these “leaf diseases” is at least 
twofold ; for not only are the leaves so numerous and so 
out of reach that he can scarcely entertain the idea of 
doing anything directly to them, but (and this is by no 
means so clearly apprehended as it should be) they stay 
on the tree but a short time as a rule, and when they fall 
are a continual source of re- infection, because the spores of 
the’ fungi are developed on them. It is a curious fact that 
those fungi which are known to affect the leaves of forest- 
trees nearly all belong to two highly-developed groups — 
the Uredineaj and the Ascomycetes- and the remarkable 
biological adaptations which these parasites exhibit for 
attacking or entering the leaves, passing through periods 
of danger, and so on, are almost as various ns tJiey are 
numerous. Some of them, such as the Erysipheic or 
mildews on beeches, oaks, birches, ashes, &c., only form 
small external patches on the leaves, and do little if any 
harm where the leaf-crown is large and active ; others, 
such as many of the very numerous Sph<eriace(e and 
their allies, which form small dark-colourcd flecks and 
spots on leaves, may also be looked upon as taking only a 
slight tax from the leaves. Even in these cases, however, 
when the diseases become epidemic in certain wet seasons, 
considerable damage may accrue, because two chief causes 
(and many minor ones) are co-operating to favour the 
fungus in the struggle for existence : in the first place, a 
continuously wet summer means loss of sunlight and 
diminished transpiration, &c., to the leaves, and so they 
form smaller quantities of food materials ; and secondly, 
the damp in the atmosphere and leaves favours the fungi, 
and so they destroy and occupy larger areas of leaf 
surface. 

It should be mentioned here, by the way, that all leaves 
of all trees are apt to have fungi on them in a wet summer, 
but many of these are only spieading their mycelia in all 
directions over the epidei mis, in preparation, as it were, for 
the fall of the leaf ; they are saprophytes which feed on 
the dead fallen leaves, but cannot enter into them while yet 
alive. In some cases, however, this preparation for the fall is 
strikingly suggestive of adaptation towards becoming para- 
sites. 1 will quote one instance only in illustration of this. 
On the leaves of certain trees in Ceylon, there was always 
to be found in the rainy season the much-branched 
mycelium of a minute Sphteria: this formed enormous 
numbers of branches, which, on the older leaves, were 
found to stop short over the stomata, and to form 
eventually a four-celled spore- like body just blocking up 
each stoma on which it rested. So long as the leaf 
remained living on the tree, nothing further occurred ; but 
wherever a part of the leaf died, or when the leaf fclb 
moribund on the ground, these spore-like bodies at once 
began to send hyphae into the dying tissue, and thus 
obtained an early place in the struggle for existence 


among the saprophytes which finished the destruction of 
the cdls and tissues of the leaf. 

There is another group of fungi, the Capnodiete^ which 
form sooty black patches on the leaves, and which are 
very apt to increase to a dangerous extent on leaves in 
damp shady situations: these have no connection with 
the well-known black patches of Rkytisma from which the 
leaves of our maples are rarely free. This last fungus is a 
true parasite, its mycelium penetrates into the leaf tissues, 
and forms large black patches, in and near which the cells 
of the leaf either live for the benefit of the fungus alone, 
or entirely succumb to its ravages : after the leaf has 
fallen, the fungus forms its spores. Nevertheless, although 
we have gone a step further in destructiveness, foresters 
deny that much harm is done to the trees --no doubt 
because the foliage of the maples is so very abundant. 
Willows, pines, and firs suffer from allied forms of fungi. 

But it is among the group of the Uredinecn or rusts 
that we find the most extraordinary cases of parasitism, 
and since some of these exhibit the most highly developed 
and complex adaptations known to us, 1 propose to select 
one of them as the type of these so-called “leaf diseases.” 
This form is Colcosporium Senectonis {Peridermium Pini)^ 
rendered classical by the researches of several excellent 
botanists. 

It is true, Coleosporium Scnccionis is not in some 
respects the most dangerous of these fungi — or, rather, it 
has not hitherto been found to be so — but in view of the 
acknowledged fact that foresters have not as yet been 
able to devise practical measures against the ravages of 
these numerous rust-fungi, and since we are as yet very 
ignorant of the details of the biology of most of them, it 
seems advisable to choose for illustration a form which 
shows in a distinct manner the complexities of the subject, 
so that those interested may see in wh it directions 
biologists may look for new results. That the story of 
this fungus is both complicated and of great biological 
interest will be sufficiently evident from the mere recital 
of what we know concerning it. 

H. Marshall Ward. 
i^To be continued.) 


MICHELVS PROBLEaM. 

F or the last two hundred years the attention of logi- 
cians and mathematicians has been directed to the 
inverse principles of the theory of probability, in which 
we reason from known events to possible causes. Two 
different methods of calculation are in use, which give 
approximately the same results. According to the cele- 
brated theorem of James Bernoulli, “If a sufficiently 
large number of trials is made, the ratio of the favourable 
to the unfavourable events will not differ from the ratio 
of their respective probabilities beyond a certain limit in 
excess or defect, and the probability of keeping within 
these limits, however small, can be made as near certainty 
as we please by taking a sufficiently large number of 
trials.” The inverse use of this theorem is much more 
important and much more liable to objection and diffi- 
culties than the direct use. In the words of Dc Morgan, 
“When an event has happened, and may have hap- 
pened in two or three different ways, that way which 
is most likely to bring about the event, is most likely to 
have been the cause. 

The second principle, due to Bayes, is thus given by 
De Morgan, “ Knowing the probability of a compound 
event, and that of one of its components, we find the 
probability of the other by dividing the first by the 
second.” 

These principles have been accepted by the great 
majority of thinkers, and freely used by Laplace, Poisson. 
Herschel, and De Morgan. Stanley Jevons (“ Principles of 
Science '0 gives a lummous account of the value of the 
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theory, and accepts MicheU’s views : “ If Michell be in 
error, it is in the methods of calculation, not in the general 
validity of his reasoning and conclusions/* 

On the other hand, Leibnitz, Kant, Forbes, Boole, and 
Mill (** Logic," xvii., xviii., xxv.), while allowing some 
value to the theory, doubt if it can be rigorously applied 
to obtain definite numerical results. 

The interest and importance of the subject, and tke 
length of time which has elapsed since any detailed dis- 
cussion of it has been undertaken, furnish an excuse for 
•the following suggestions, which are made in the hope 
that they may elicit more valuable arguments and 
opinions. 

More than a century ago, Michell (Phil. Trans., 1767, 
p> 343) attempted to find the probability that there is some 
-cause for the fact that the stars are not uniformly distributed 
over the heavens, but frequently form binary combina- 
tions or larger groups. Micheirs results are quoted with 
approval by Laplace (“Th( 5 orie des Prob," p. ^13), and by 
Herschel (“Astronomy," p. 607), though the latter men- 
tions that Michell’s data are too small, and immediately 
iifterwards quotes Struve’s solution of the same problem, 
which seems to be inconsistent with Michell’s. I select 
MicheiPs problem for discussion, since it has been 
accepted by high authority and vigorously attacked, and 
for the sake of simplicity in the calculations shall confine 
my remarks to binary combinations. 

Michcli’s statements arc not very clear, and his arith- 
metical methods are cumbrous, but his argument may 
be condensed as follows : ** What, it is probable, would 
have been the least apparent distance of any two or more 
stars anywhere in the whole heavens, upon the supposition 
that they had been scattered by mere chance ?" Imagine 
any star situated on the surface of a sphere (S of 

radius r, and surrounded by a circle of radius rsin 6, 
where B is the angle subtended by a at the centre of the 
sphere), the area of this small circle is 3* - na^ — sin-d. 
The probability that another star, “ scattered by mere 

s 

‘Chance," should fall within this small circle is y, and that 

it should not fall within it ^ But there is the same 

chance for any one star as for any other to fall within the 
circle, hence we must multiply this fraction into itself as 
many times as the whole number of stars («) of equal 
brightness to those in que.stion. “ And farther, because 
the same event is equally likely to happen to any one 
star as to any other, and therefore any one of the whole 
number of stars («j might as well have been taken for the 
given star as any other, we must repeat the last found 

chance n times, and consequently ( i - will repre- 
sent the probability that nowhere in the whole heavens 
any two stars among those in question would be within 
the given distance (a) from one another, and the com- 
plement of this quantity to unity will represent the 
probability of the contrary.” 

In the case of the two stars, (i Capricorni, Michell takes 
n « 230, ^ « 3' 20", Hence 

a 4 

which Michell takes as 1/4254603 ; and 

Q-(. - 

or, according to Michell, the probability is 80/Si that no 
two stars equal in sue to 3 Capricorni shall fall so near 
to one another as they do. 

ProL J. U. Forbes {PkSL December 1S50) 

objects to the entire principle upon which Michelfs work 
is based, and has pointed out some errors in detail. 
Todhunter (” Theory of Prob.," p, 334) and Boole (“ Laws 
of Thought,” p* 365) countenance uiese objections j but 


before discussing them it will be well to mention other 
attempts to solve the same problem. 

Struve (“Cat. Nov.," p. 37) has used an entirely 
different method. The possible number of binary com- 
binations of n stars is ~ ; and the chance that 

I . 2 

such a pair should fall on a small circle of area s is .r/S, 
where S is the surface of the portion of the sphere in 
which n has been counted. Hence the chance that any 
pair of stirs should fall within the circle is n{n - i)sl2S. 

Taking S as the surface from — 1 5“ of declination to 
the North Pole, n *= 10229, ^ Struve finds 

p = 0*007814. 

Herschel (“ Ast,” p. 607), either in error or by a re- 
calculation from different data, quotes Struve as finding 
that the probability is 1/9570 against two stars of the 
7th magnitude coming within 4." by accident. 

Applying Struve’s formula to Michell’s data for ^ 
Capricorni, we have 


I 


230 X 229 ^ I 
2 4254603 


1/161-5, 


or 161/163, as the probability that no two such stars fall 
within the given area. 

Forbes, with the aid of a mathematical friend, offers 
the following solution Suppose the « stars are repre- 
sented by dice, each with v(>n) sides, where repre- 
sents the number of small circles in the spherical surface, 
or Sfx. The chance of tv'o stars falling into one circle is 
the same as that two dice show the same face. 

The total number of arrangements without duplication 

is— 

V . 7^ — 1 . T' - 2 . . . . - /r H- I , 


and the total number of falls is 7^^* ; hence the probability 
of a fall Without duplication is — 

7/.7/-I.7>’-2....7/-«-j- X/ 7 /" ; 

and the chance that two or more dice show the same 
face is — 

1 - \ 7 ' l \ 7 ' “ « . 7^". 

In the case of ^ Capricorni 7/ « 4354603, and n * 230. 
Evaluating by Stirling’s theorem, Forbes gives/) — 0 0061 7 
= I 160 nearly, which does not differ much frqm n^/2v. 

A recalculation has given me p — 1/162 The result 
then agrees with that of Struve and differs from that of 
Michell. 

The following suggestions are due in substance chiefly 
to Boo’e and Forbes, but their language has been freely 
altered, and misapprehension of their meaning may 
therefore be feared. 

In all such cases an hypothesis (“ the random distribu- 
tion of stars ”) is assumed, and the probability of an 
observed consequence (“ the appearance of a double 
star") calculated. The small probability of this result of 
the assumed bypotliesis is held to imply that the prob- 
ability of the hypothesis is equally small, and therefore 
the probability of the contrary hypothesis is very large. 

According to Boole, “ the general problem, in whatever 
form it may be presented, admits only of an indefinite 
solution," since in every solution it is tacitly assumed 
that the a priori probability of the hypothesis has a 
definite value, generally o or i, and also a definite prob- 
ability is assigned to the occurrence of the event observed 
if the assumed hypothesis were false. 

In Michell’s problem it is assumed that the stars are 
either scattered at random or obey a general law : no 
notice is taken of the possible case that a general law 
holds for stars within a certain distance from our system, 
beyond which an entirely different law may obtain. 
I Again, the subjection of each system to a separate 
I intelligence is tacitly ignored. 
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The probability of ao event is the value of the expecta- 
tion trf Its occurrence existing in the mind of the thinker : 
** We must again warn the reader that probabilities are 
in hie tnin^ not in the um from which he draws ^ (De 
Morgan, “ Enc* Met,” 414) ; but in the solution of th^ 
problems t^i^ subjective value is converted with startling 
case into a ntuch more objective and concrete expression. 
As Forbes puts it, ** The doubt existing whether an event 
still future, which may happen in many different ways, 
shall occur in one particular way is not equivalent to 
an inherent improbability of its happening, or having 
happened, in that way '' 

We do not assume that a friend is speaking untruly 
when he tells us that, out of loooi seats, the number of 
his ticket is 453, yet the antecedent probability is i/ioooo 
against the truth of his statement. The chances arc 
greatly against ten stars out of 230 appearing as binary 
combinations ; but, according to one view of the meaning 
of “random distribution,” that arrangement is no more 
unlikely than any other, and we should be no more 
surprised to hear that one rather than another is the 
actual one. Forbes objects that “ to assume that * every 
star 18 as likely to be in one position as another * is not 
the expression of the idea of random or lawless distribu- 
tion.” The expression seems to me to be true, but its 
interpretation into mathematical symbols has been far 
too closely restricted both by Mich ell and Forbes. 

“ Michell assumes that, with random distribution, the 
chance of finding a star in a space is proportional to the 
ppace, or that a perfectly uniform distribution would be 
that alone which would afford no evidence of causation.” 

Suppose the whole surface of the sphere cut up into 
minute equilateral triangles, and a star placed at each 
collection of angular points. Each star is the middle 
point of a regular hexagon, and at a distance, d, from six 
other stars. If we imagine the six stars to be Axed, and 
the central star shot out from the centre of the sphere 
so as to fall within the hexagon, that it may not fall 
within a distance, r, of any other star it must fail in a 
regular hexagon, the fide of which is {a - r) situated 
symmetrically within the larger hexagon. The prob- 
ability of the star falling within this smaller hexagon is 

expressed by which becomes less and less the 

more nearly r equals a ; that is, the more nearly the dis- 
tribution is truly uniform. When r *= the expression 
becomes o, or the probability of exactly uniform distribu- 
tion is «//, and apparently uniform distribution is due 
solely to the imperfections of our instruments. Michell, 
however, seems to assume this probability to be or 
certainty, Struve’s method is open to the grave objec- 
tion that he assumes that the total possible number of 
binary combinations really occur. Applying his formula 
to calculate a value for n which makes the chance a 
certainty, we find that, if 2917 stars are scattered over 
the sphere, it is a certainty that each will be within 
3' 20" of another ! Of the three methods, that of Forbes 
seems to be the least open to objection. 

Besides these fundamental difficulties in principle, 
there are several very doubtful points in the calculation 
which may be worthy of a brief notice. 

Michell considered the whole surface of the spb^e, 
though in his time the examination of the southern hemi- 
where was hardly complete enough to furnish the requisite 
data- The stars do not lie on the surface o)f a sphere, but 
scattered through infinite space, so that two stars, the 
angular distance between which is apparently small, 
may in reality be very far apart. Suppose that the 
nearer star lies on the surface of our imaginary sphere, 
the probabilitv that the direction of the other star is 
within 15’ of the surface is only about one-fourth. Hence 
the number of apparently double stars must be reduced 
to a considerable but unknown extent. 


Forbes throws considerable dodbt on tbt co t r ectftOiS 
of railing a second time to the power w. Struve's 

S ication by n's seems to prove vary curious condnsiotvs. 

r. Venn's reasons for dissenting from Michell's solution 
will be found well worthy of perusal (“ Logic of Chance,^ 
p, 260). SYDN^iy LUPI'OM. 


VEGETABLE RENNET 

T H E idea that the protoplasm or living substance of 
both animals and plants is essentially similar, if not 
quite identical, has lon^ been accepted by both physio- 
legist 8 and botanists. This similarity is most easily seen 
in the very lowest members of both kingdoms ; in fact, 
for a very long time doubt existed in the case of many 
organisms— Volvox— as to which kingdom they 
should properly be included in. Even now it is hardly 
possible to formulate a definition of “ plant ** or animal” 
which shall put all into their proper positions. When we 
go higher up the scale in both the animal and the 
vegetable world, this difficulty of course disappears, on 
account of the difierences of organization and develop- 
ment. It is not difficult even here to trace a remarkable 
similarity of properties in the living substance, which 
leads to the conception that not only is protoplasm 
practically the same in animal and vegetable, but that its 
activities in the two cases — that is, the metabolic pro- 
cesses which accompany, and are in a way the expression 
of, its life — are fundamentally the same. In both king- 
doms we have as the sign of in life the continual building 
up of the living substance at the expense of the materials 
brought to it as food, and the constant breaking down of. 
its substance with the consequent appearance ot different 
organic bodies, which are strictly comparable in the two 
cases. The vegetable protoplasm produces starch, the 
animal glycogen— both carbohydrate bodies of similar 
composition and behaviour. In both organisms we meet 
with sugars of precisely similar character. The proteid 
bodies long known to exist in animals, and classed into 
albumins, globulins, albumoses, peptones, &c., have been 
found to be represented in vegetables by members of the 
same groups, differing but in minor points from them- 
selves. We have fats of complex nature in the animajl 
represented by oils of equal complexity in the vegetable, 
their fundamental composition being identical ; even the 
curious body lecithin, so long known as a constituent of 
nervous tissue in the animal, having been procured from 
the simple yeast plant 

Further, the changes which give rise to these bodies, or 
which bring about various transformations of them, have 
been in very many cases demonstrated to be due to 
similar agencies at work in both the animal and vegetable 
organism In many cases, no doubt, they are produci^d 
by the actual splitting up of the protopUsm itself ; but 
apart from this we have their formation in large quanti- 
ties by the agency of bodies which are known as unor- 
ganised ferments, and which are secreted by the proto- 
plasm for the purpose of such formation. Perhaps no 
line of research in vegetable physiology in recent years , 
has been so productive of gooii results as the investiga- 
tions that have been made hho the occurrence of such 
bodies* and the comparison of them with those that are 
met with m the animal organism. Diastase in vegetab^ii, 
and the ferments of saliva and of pancreatic juice in 
animals, possess the.same power of converting staroh into 
sugar, llte peptic and tryptic ferments bf the itomadi 
and pancreas respectively have been shown to have 
representatives in the vegeuble kingdom, and these Adt 
only in such cases as the carnivorous plants, but lo be 
actually made use of in such tndy vegetable inetahtdbim 
M iht prbeesses involved in the germhtation of thb lOea* 
The conversion of afbutnms and orifier 
teids into a further stage than that of diffusHikj^e^he^ 
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diat of Icfucin in th« animal, and aaparagln in the 
vi^^bie-^has been shown to be the work of such a 
ferment in the two cases. These ferments, too, are inter- 
changeable to a certain extent, for those of the alimentary 
canaT are capable of digesting the proteids of vegetable 
bodies, while those of the latter can similarly split up the 
animal albumins, fibrin, and other forms of proteid. 

The essential similarity of the metabolism is also indi- 
cated by the appearance in the two cases of complex 
bodies of somewhat similar constitution which are quite 
comparable with ^each other. In the vegetable kingdom 
these bodies are known as alkaloids ; in the animal they 
have for the past ten years or more been known as 
ptofnaines. They are among the products of the destruc- 
tive decomposition of proteids. Thus cadaver in ^ a body 
found in putrefying animal matter, is apparently to be 
looked upon as belonging to the some group cf bodies as 
muscariny the poisonous principle found in several species 
of mushroom. 

Perhaps the latest development of the same idea has 
been the discovery of ferments in the vegetable kingdom 
which are comparable in their action with the rennet 
which is obtainable from the stomach of many young 
animals, particularly the calf. In an extract of such a 
stomach taken while secretion of gastric juice is pro- 
ceeding, or in the gastric juice itself, is a principle which 
has the power of curdling milk — a property taken ad- 
vantage of by the farmer in the process of manufiicturing 
cheese. The casein^ which is the proteid concerned in 
Cheese-making, is, under appropriate conditions, converted 
by, this body into an insoluble form, which, for want of a 
better name, may be called briefly cheese. The conver- 
sion is not to be confused with the loose curdling which 
takes place when nUlk becomes sour from putrefactive 
changes or from the addition of an acid, for it is a true 
coagulation, resentbling the clotting of blood. Now, 
rec^t investigations show us that in many plants a 
'Similar ferment exists, which possesses an identical 
power, producing, when added to milk, a clot which is quite 
indistinguishable from that which is formed under the 
action of animal rennet. The list of such plants is con- 
tinually increasing, but they do not appear to be grouped 
at all on the lines of the recognized natural orders. 
Ranunculaceae, Solanaccae, Cucurbitacese, Composita?, 
Galiace^e, and others, furnish us with conspicuous 
examples. 

At a meeting of the Society of Natural Science of 
Stockholm, held about four years ago, the Secretary 
brought before the notice of the meeting the fact that 
the common butterwort {Fingtticuia vu/garis) possessed 
the very curious property of causing a clotting of milk 
when the vessels in which the milk was contained bad 
been first rubbed over with the plant. No explanation 
was oflTered of the phenomenon, but a suggestion was 
made that the power might be due to the presence of 
micro-organisms. Judging from analogy with other 
plants since discovered to possess the same property, it 
IS far more likely to be due to a specific onorganiced 
feonent. The occurrence of this in Pinguicula is very 
significant, as bearing on the similarity of Che metabolism 
in animals and vegetables, for Pinguicula is one of the 
carnivorous plants, digesting, by the aid of its secretions, 
diet which rt captures in its leaves. We have so asso- 
ciated in the same plant a proteolytic and a rennet fer- 
ment, a condition wbich at omce recalls the gastric juice 
of animals^ ia wbich both these bodies are present. 

, <>ne the most interesting of the plants which con- 
tiuA this Garment, or vegetable rennet, is the so-called 
** Nanw of the West Coast of Africa (AcaniAasic/os 
Aartiddji a species of Cucurbitacese. The v^as 
described Ih detail by Welwitsch, in 1869, when its 
pechHay' physiological property was unknown. A more 
defiled deiariptron, given by Marioth, has recently 
widMtm deals, among other points, with this 


power. The plant is to be met with in dry, sandy, and 
desert places in Namaqua Land, Whale Bay, and the 
Mozambique district. It is very singular in its habit 
and appearance, consisting of long, spiny, weak- looking 
branches running almost on the surface of the sand, and 
being at intervals buried therein and again emerging. 
The stem is very short, so that the plant looks like a 
system of creeping spiny branches, some of which mea- 
sure 20 feet or more in length. The root system is similarly 
developed, long creeping roots penetrating, in some 
cases, for a distance of 100 feet through the sand; The 
long spiny branches seem destitute of leaves, for these 
are quickly deciduous and sometimes abortive, and while 
they remain upon the shoots they are closely ad pressed to 
them, and are stiff and horny in texture. At the base of 
each leaf are two strong spines, which persist after the 
leaf has fallen. The fiowers are borne in the axils of the 
leaves, between the spines. The male and female flowers 
are found on separate plants ; the former are sessile, the 
latter shonly stalked. The ripe fruit is of considerable 
size, much like an orange in appearance. It has a very 
powerful and pleasant aroma, and its pulp is very juicy 
and agreeable to the taste. In the unripe condition it is 
bitter and uneatable. According to Marlotfa, the natives 
eat it to a very great excess, both fresh and in the form 
of ** Karas cake/’ a preparation of it made by drying the 
expressed pulp and juice in the sun. The power to ap- 
preciate its excellence seems to be confined to the natives 
of the part, for strangers partaking of it for the first time 
are said to pass through strange and painful experiences 
after their banquet. 

Us power of causing the clotting of milk is well known 
among the natives of the part, who use it freely for 
that purpose. The ferment is contained in consider- 
able quantity in the juice, the pulp, and the rind 

of the fruit. It is absent from the branches, from 

the seeds, and from all parts of the unripe fruit. It is 
soluble, according to Marloth, in alcohol of 60 per 
cent, strength, an extract of the pulp made with that 

fiuid retaining the power to coagulate the milk. It is 

not identical with the principle which gives the fi-ag* 
ranee to the ripe fruit, nor to that which gives the bitter 
taste to it when still young. The ferment is destroyed 
by boiling, but will remain for an almost indefinite time 
in the dried rind. Marloth, in his experiments, found 
that an extract of pulp dried to a friable condition in the 
sun was quite active in causing coagulation. The writer 
had the opportunity recently of examining some dried 
rind and some old seeds.^ An extract of these materials* 
made with 5 per cent solution of common salt, showed 
the ferment in abundance in the rind, but absent from 
both the testa and the interior of the seeds. 

Another plant, occurring nearer benne, has the same 
property. This is the common yellow Galium (G* 
verum). In his “ Popular Names of British Plants,” 
Prior speaks of its peculiaritv as being known in the 
sixteenth century, when Mattnioli wrote of it, “ Galium 
inde nomen sortitum est suum auod lac coagulet” 
In the West of England, particularly Somersetshire 
and Herefordshire, it is still the custom of dairymen to 
put this plant into the milk they have devoted to cheese 
production, to “ set ** it. The ^snt has a long stragglii^ 
stem, bearing at short intervals whorls of small leaves, in 
the axils of which are numerous panicles of yellow 
fiowers. The practice is to put the whole plant, or as 
much of it as is above CTound, into the milk, but the 
active principle seems to be located in the flowers. The 
white Galium (G. Afartne) is s^id to be devoid of the 
property. 

The common traveller's joy (C/ematis Viia/Sa) is 
another instance of the occurrence of this ferment. It is 
peculiar in one re^^t, the property appearing to be 

* Thii w«!i klwfly ftimiihtd by Mr. W. Tblwlton Oyer, P. R.8.* 

Dirtetor of tHd K»w. 




and Krintar^ The ihnpendlnfl^ letum of two i^^ iAicneece 
ia an additional incentive to those :»'ho ' may ooa- 
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^tnated mthc tMue df‘t^ atemi probably the eoi^.baat^ 
In nioftt odMtr cases it seems to be attache somehow to 
the repnKlttctrve parts of tbe plant. The quantity tbat 
can be extracted from Qematis is, however, much less 
than from the other plants spoken of. 

The fermentJlhas also been found in the petals of tbe 
artichoke {Cynara Scoiymus). 

An account of the occurrence of this vegetid>le rennet 
would not be complete without its including the re- 
searches of Dr. Sheridan Lea on Wttkania coagulans 
(Proceedings of the Royal Society, 1883). These have, 
besides their scientific value, a direct bearing upon 
tbe commercial aspect of the question. Many of tbe 
natives of India refuse to have anything to do wi^ cheese 
prepared by means of animal rennet, and there is conse- 
quently there a large field for the employment of the 
lant. Some years ago Surgeon -Major Aitchison sent 
erne an account of the peculiar property of tbe Withania. 
The shrub grows frtely in Afghanistan and Northern 
India, and the natives there have for a long time em- 
ployed an aqueous extract of the capsules to curdle their 
milk. Some dried material sent from thence to Kew was 
used by Dr. Lea in his investigations. Withania is a 
genus of the order Solanaceae, and has a capsular fruit, 
containing a large number of small seeds. In the dried 
materia] Uiese seeds were enveloped in a coating of a 
peculiar resinous matter, which was probably the dried 
juice of the capsules in which they had ripened. The 
ferment was found to exist to a very slight amount in the 
stalks of the fruits, and to be extremely abundant in tbe 
seeds. From the ground seeds it could be extracted 
easily by maceration with solution of common salt and by 
treatment with glycerine. So extracted, it was found to 
be destroyed on boiling, but to be able to withstand 
moderately prolonged exposure to alcohol. Its activity 
in a ftiirly strong extract was quite equal to that of most 
commercial samples of rennet prepared from tbe stomach. 
It could, moreover, be kept with as great security as the 
latter by the aid of common salt and a little alcohol. 
Its commercial value is somewhat interfered with by 
the presence in tbe seeds, and in their extracts, of a 
culiar yellowish-brown colouring-matter, which cannot 
separated without destroying the rennet. 

Since the publication of Dr. Lea's researches the writer 
has met with the ferment in the unripe. seeds of Datura 
Stramonium^ a plant belonging to the same order, 
Solanaceae. In this plant, though present in the unripe 
seeds, it appears to be absent from them when ripe. Us 
exact distribution is, however, not yet determined. 

The occurrence of this property in so many plants, and 
these not at all closely connected in other ways, leads to j 
the consideration of what must be its physiological signi- ' 
iicance. It is perhaps not difficult to see why rennet 
should occur in the stomachs of young animals whose 
food consists chiefly of milk, bat its importance in the 
vegetable kingdom must be independent of such a 
function. Further researches, still in progress, may per- 
haps throw some light upon this point. It is significant 
so far to notice that its occurrence is mainly m those 
parts which are especially connected with the reproduc- 
tion of the plant, a fact which seems to point to a pos- 
sible function in connection with the storage of proteid 
food materials for the nutrition of the embryo during 
germination, J. R* GREEN. 


THE METEORIC SEASON, 
have now arrived at a period of the year which is 
full of interest to meteoric observers. The number 
of meteors visible has greatly increased, as compared with 
preceding months, and apart from this, observations mgy 
be pursued without the aiscomfort and inconvenience so 
often experienced on the cold starlight nights of autumn 


template giving a little time to^thk hifieresting bfanob 
of astronomy. 

From observations at Bristol on the nights of July , 8,. 
f I, and 12 li^ it appears certain that Pep^eids (which 
attain anuudmom on August 10, when the radiant is at 
4S® + S7')had already commenced. On July 8 twenty- 
five meteors were counted between uh. and 13b. 3om.ri 
and these included six paths which denoted a well-defined 
radiant at the pmnt 3*^ + 49% a little sou^ of Gassaopeia^s 
Chair. The visible traits ak the individual meteors traced 
from this radiant were identical with those exhibited by 
the Perseids which are displayed in August^ and the fact 
that this radiant seen on July 8 is far west ^ the radiant 
usually remarked on August 10, does not negath'e the 
presumed identity of the two showers. The Perseid 
ntdiant which endures a considerable time, changes its 
position amongst the stars from night to night, and the 
extent and direction of this displacement will be seen by 
a reference to Natx;re. vol. xxxvi. p. 407, where 1 have' 
described a number of observations secured at this 
station in July and August of last year. 

When the moon leaves the evening sky towards the 
close of the present month, observers should watch 
for the reappearance of the Aquarids which are usually 
seen in marked abundance about July 27, 28, and 29. 
The radiant is near 8 Aquarii, and the meteors are rather 
slow, usually ascending from low in the south-east, and 
tbe brighter ones throw off trains of sparks. Early 
Perseid^ are also numerous at the end of July, and the 
radiant is then closely south of the well-known star 
cluster X Persei. Observers should register the paths tk 
the meteors and determine the precise place of Ibis * 
radiant on each night of observation. 

Bristol, July 13. W. F, DENUtVid. . 


NOTES. 

The proposal that a Professorship for the exposition of the 
Darwinian theory should be established in connection with the 
Sorbonne has received the sanction of the Sorbonne authoriiies.^ 
Three members of the Committee by which the matter was 
decided were opposed to the scheme, but they did "not vote 
against it. They simply refrainetl from voting. The Sorbonne 
has asked that the name of tbe proposed chair shall be changed. 
One or other of tbe three words, ‘‘evolution,” "morphology,*' 
"phylogeny,” is to be substituted for "philosophy," 

The Birmingham roeetiog of the Photographic Convention of 
the United Kingdom will be held from the 23rd to the 28th oT 
July. A programme of excursions and local arrangements has 
been issued. The Convention will be opened on the evening of 
the 23rd inst., by the Mayor of Birmingham, at a conversazioni 
to be held in the Masonic Hall in connection with an exhibition, 
of photographs and photo ^ apparatus. 

On Thursday, the 12th inst., the anniversary meeting of the 
Sanitary Institution of Great Britain was held in the theatre of 
the Royal Institution. The Chairman, Mr. Edwin Chadwick, 
in opening the prooeedioga, claimed credit for the Sanitary 
Institution of Great Britain and like institutions for a large pro- 
portion of the reduced death-rate of the metropolis, which wa» 
now 14 ip 1000. London in that respect compared ^ very 
favourably with other places, the death-rate in Paris being ay, 
Vienna 30, and St. Petersburg 40. The medals and certi^t^ 
awarded to the exhibitors at the Sanitary Exhibition held at 
Bolton In 1S87 having been distributed by Mr. Chadwkkt Dr* 
B. W. Richardson deliver^ ah address on The Stocagh idjt. 
Life as a Sasdury Study.'* He began by refemiig to .ktstieitaa 
of kmg Jife in lower agi m alt and in man* These, 
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foAie pnooew ti yet but little invtektlgatedt heM life At a 

pMeaeiim, and to thit lacolty he applied the term The 
Stonge of l.He/’ ' The problem ^vrhich the teoturer placed before 
the iociety wet iteted at follows ; — Certain proofs of the power 
of the haman body to lay or store np life to a prolonged period 
ate admitted. What are the conditions which tavour sach 
Storage, a^d how can we promote the conditions which lead to 
it? He stated the conditions in the following order, here- 
ditary qaalifipation, the ylrtue of continence, maintenance of 
balance of bodily hmetiona, perfect temperance, and purity from 
implanted or acquired dUmses. In estimating the value of 
temperament as connected with life storage, he maintained that 
the bilious and sanguine temperaments are best for long life, the 
nervous and lymphatic the worst. In dealing with what he 
called albround temperance, he showed that whatever 
quickened the action of the heart beyond its natural speed and 
force was a stimulant, and in proportion to the unnatural tax in- 
flicted by stimulation there was a reduction in the storage of life. 
Dr, Richardson spoke also of the prevention of the damaging 
diseases, where the art of the sanitarian comes into most efleettve 
play. A vote of thanks was accorded to the lecturer. 

The annual meeting of the Liverpool Astronomical Society 
was held at Liverpool on the 9th inst., when the report of the 
Council for the past year was read. It appears that since the 
last annual meeting more than 200 new members have been 
elected, and that the work carried on by the Society has increased 
in a commensurate degree. The balance sheet shows a small 
sum in the hands of the treasurer, so that the financial condition 
' U satisfactory, though there has been a laige outlay for printing 
the Journal. Mr. T. G, K. Klger succeeds Mr. Denning as 
President, and Mr. Rowlands is appointed Secretary in the place 
of Ml. W* H. Davies, who has resigned. In commenting upon 
the wUbdfawol of Mr. Davies, the Council refer to the eamest- 
oess^ eesl, and ability displayed by him in performing the 
ftidhous duties of his oflice during a long period, and attribute 
the rapid development of the Society to his untiring efforts 
on its behalf. 

The thirty- fifth General Meeting of the German Geological 
Society will be held at Halle from August 13 to 15. 

We regret to announce the death of M. Jean-Charles 
Houzeau de Lehaie, Honorary Director of the Royal Observa- 
tory of Brussels, member of the Belgian Royal Academy of 
Sciences, He died at Schaerbeck on the i2ih inst. M, 
Houzeau was in his sixty-eighth year. 

The death is announced of Dr. Johann Odstreil, an eminent 
mathematician and physicist of Vienna. 

A Lower Thames Valley Branch of the Selborne Society 
has been formed. Its operations will extend on both sides of 
the river from Hampton to Putney inclusive. The inaugural 
meeting was held on Monday in the coffee-room of the Star and 
Garter Hotel, Richmond, the Duke of Cambridge in the chair. 
The objects of the Selborne Society are to secure the preserva- 
lion from unneoessaiy destruction of such wild birds, animals, 
and plants as are harmless, beautiful, or rare ; to discourage the 
wearing and use for ornaments of birds and their plumages, 
except when the birds ore kilted for food or reared for plumage ; 
to protect places and objects of interest or natural^ beauty from 
ill-treatment or destruction ; and to promote the study of natural 
bistoRy, It Is pTX>posed that the new branch of the Society shall 
devote a pan of its funds to the purchase of work<i on natural 
hUtoi^ for the free libraries of Richmond, particularly such as 
throw light upon the natural history of the Thames Valley, and 
enoqurage a love of nature In the young. 

fing Atmuel Report of the National Association for the 
^^owtotlon of Toehnical Rducation has now been issued. It 




contains a full account of the objects and work of the Association. 
Its main work up to the present may, according to the Report,, 
be roughly divided os follows; — (z) the publication of leadets, 
pamphlets, addresses, and other papers, and the^ circulation of 
this literature throughout the countij ; ( 2 ) the holding of public 
meetings and conferences, and the delivery of lectures and ad- 
dresses on subjects connected with the work of the Association ; (3) 
Parliamentary work ;(4) formation of an agricultural section ; (5) 
commercial education ; (6) the organization of branches and 
local committees to co-operate with the Central Association. 
Besides the work falling under these heads, the Association has 
been the mean«i of supplying much information to inquirers on 
various subjects connected with technical education, and has 
prontoted the movement in other ways. The committee are 
strongly of opinion that there is a wide field for the future opera- 
tions of the Association. They urge that branches should be 
started in all large towns which are now without them, and that 
every opportunity should be taken by conferences, and in various 
other ways, to spread sound information on the question of 
technical education, on which, as the Report truly says, in spite 
of the great increase in public interest, much lamentable ignorance 
still remains. 

The Indian Government has adopted an important resolution 
on the subject of State education. It recommends that wherever 
possible Government schools should be substituted for private 
ones, and that the education staff should be strengthened by the 
engagement of specialists in Great Britain.' The resolution deals 
largely with the question of technical education, and urges that 
as a beginning an Industrial survey should be made of each 
province. 

Having been charged with the supervision of a new and 
complete edition of the “Works of Galileo,*' to be shortly 
undertaken at the expense of the Government and under the 
patronage of the King of Italy, Prof. Antonio Favatn, of the 
Royal University, Padua, earnestly begs all librarians, curators 
or trustees of museums, collectors of old manuscripts and auto- 
graphs, and all those engaged in researches touching the history 
of science, to give him any information in their power respecting 
any Galileian documents, which may assist him in carrying out 
this difficult undertaking. 

At the meeting of the Scientific Committee of the Royal 
Horticultural Society on July 10, the plague of caterpillars, &c., 
was one of the subjects discussed. Mr. O'Brien alluded to the 
abundance of earwigs (Forficula) this season. Mr. Wilson drew 
attention to the local distribution of the caterpillars. In one 
garden in his neighbourhood none of the pests were found, while 
in others there was scarcely a leaf left on the trees. At WisJey 
Mr. Wilson had found that exposure to east wind was associated 
with the presence of the insects. Thus the trees in one line of 
plums, fully exposed, were stripped of their foliage, while in 
another line of the same variety close by, on the same description 
of soil, but where the trees were sheltered by a furze fence, not 
a leaf was injured. 

The Kew Bulletin for July opens with a paper containing 
much information on Bhabur grasiSi which closely approaches 
esparto in habit and in the possession of tho technical qualities 
necessary for paper manufacture. In another paper there is an 
interesting extract from a letter by Mr. William Fawcett, giving 
his first impression of the vegetable resources of the Cayman 
Islands, which are situated in the Caribbean Sea, about aoo 
miles to the west of Jamaica. In association with the Goveriior 
of Jamaica. Mr. Fawcett lately visited these lonely and UtUe- 
known islaiM^ for the purpose of investigating a disease whkh 
has existed for some time among the cocoa-nut palms at Grand 
Cayman. Vmlonia in Cyprus and prickly pear in South Africg 
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form the subjects of two other sections ; and the number closes 
with an account of the true star anise of China, prepared by Sir 
J« D, Hooker for the current issue of the Botanical Magazine. 

The Annual Report of the Royal Botanic Gardens, Trinidad, 
for 1B87, by Mit j. H. Hart, Superintendent, has been issued. 
In an interesting historical sketch Mr. Hart notes that the 
Trinidad garden has been in existence seventy ycfti*s, and is the 
oldest botanical garden which has been continuously maintained 
in working order within the circuit of the British West Indies. 
Mr. Hart was appointed Superintendent in 18S6, and assumed 
charge in March, 1887, after eleven years’ service in Jamaica. 
One of his first objects was to make provision for the proper 
arrangement and storage of herbarium specimens, and he is able 
to report, thanks chiefly to tiie interest in the matter taken by 
the Governor (Sir W. Robinson), that the herbarium is already 
established on a sound basis. He hopes that when the material 
is ail arranged it will be among the first of West Indian 
herbariums, if not the very first, “To show the value of 
such work," snys Mr. Hart, “and especially the value attached 
to the Trinidad flora, I may state that I have already received 
four applications for sets of the Trinidad plants ; as these will 
bring exchanges from a like number of countries possessing a 
flora of great value to us for the comparison and identification of 
Our own, these offers will be taken up as early as possible. Prof. 
W, Thiselton Dyer, Director of Kew, in a letter recently received, 
oays \ Md Trinidad itself there must be an enormous amount of 
wotic still to be done.' Trinidad stands unique among the other 
islands by the possession of a flora which combines the West 
Indian with the South American, and has besides many plants 
which are only known to occur within its own boundaries, or, in 
other words, are pecular to the island itself." 

According to intelligence receiveil at New V'ork on July 14, 
Honduras hod been visited by severe storms and earthquake 
shocks, which had caused great damage to property, but no loss 
of life. 

The fourth yearly report of ihe Berlin l)ranch of the German 
Meteorological Society for the year 1887, shows that the number 
of members has increased from thirty-seven in January, 1884, 
the time of its foundation, to 117, The President for the year 
1888 is Dr. Veitin. The proceedings of the monthly meetings 
have been reported in our Notices of Societies, &c. The present 
Kport contains an account of the special rainfall investigations 
at twenty stations in and near Berlin, and comparisons of the 
dUfferent rain gauges employed. 

The British Consul at Bussorah on the Persian Gulf in his 
last report states that a remarkable improvement has taken place 
in the climate of the country round Bussorah with the substi- 
tution of date and wheat cultivation for that of rice. The 
malarious fever, to which Bussorah gave its name, is now 
comparatively rare ; and sallow complexions and worn looks, 
which some years ago were universal, are now no longer seen. 
The north-west wind, which prevails in the hot weather, instead 
of being moist and clammy, as it u ed to be, is dry and hot. 
The month of September, when the marsh which is farmed 
yearly by the overflow of the Euphrates is drying up, is still the 
least liealthy season, December and January are cold,* July 
and August intensely hot. The rest of the year is very much 
like the spring and summer of Southern Europe. 

The administration report of the Meteorological Reporter for 
the North-West Provinces and Ottdh for the year 1887-88, states 
that there are now nineteen first-class observatories and 275 
rainfall stations reporting regularly to the central office. Records 
of rainfall and temperature are kept at numerous dispensaries all 
over the Jeypore territory. At the majority of the stations the 
old float gauge is still used, but gauges of this kind are gradually 


being replaced by Symons's 5-ineh gauge, with Improved resoRs. 
Mr. Hill has under discussion a valuable series of temper- 
ture and humidity observations noaide at various heights above 
the ground. Amongst the interesting results published we may- 
special I y mention the sunshine observations at Allahabad. No 
less than 89 per cent, of (he possible amount was recorded in 
November, {887 ; the lowest percentage was 34*5 in August, 
and the mean for the year was 67^ per cent. 

The composition of persulphide of hydrogen has at last been 
satisfactorily determined by Dr. Rebs of Jena. The histoiy of 
this substance has been a most remarkable one ; it has by turns 
been awarded almost every conceivable formula from to 
HjSjo- The results of Dr, Rebs’ researches, however, go to 
show that it possesses the formula HjSa, first assigned to it many 
years ago by Berthollet, and that it is a true pentasulphide of 
hydrogen. It was prepared pure by the following method : 
A solution of soda in alcohol was saturated with snlpfauretied 
hydrogen gas, and an equal bulk of alcoholic soda aflerwards 
added to the sodium sulphydrate thus formed. After agitation 
the fluid solidified to a white crystalline moss of sodium sul- 
phide, to which flowers of sulphur were added in the proportion 
necessary to form the required polysulphide of soda. The di- 
and tri-sulphides prepared in this manner crystallUed out, but the 
tetra- and penta-sulphides remained in solution. They were 
then freed from alcohol in a current of hydrogen, and the 
residue dissolved in water out of which all the air had been 
expelled. In order to obtain persulphide of hydrogen, the 
solutions were poured into cylinders containing concentrated 
hydrochloric acid kept cool by ice. Sulphuretted hydrogen gas 
was immediately evolved, and an emulsion formed » which on 
standing became dear, and small oily drops of persulphide of 
hydrogen settled out and united to form an oil. After decanta- 
rion of the supernatant liquor and washing with ice-ocld water, 
the oil was eventually dried and analysed. The analyses diow 
mo t conclusively that all the four polysulphides of soda, when 
their aqueous solutions are poured into hydrochloric acid, yield 
one and the same polysulphide of hydrogen, viz. the penta* 
sulphide HgSs. To complete the proof the four polysolphidcs of 
potassium were similarly treated, with like result ; more inter- 
esting still, Dr. Rebs shows that the sulphides of barium behave 
in a precisely analogous manner, forming nothing but HsSs* 
When the pentasulphides are employed there ii a simple ex- 
change of metal for hydrogen, but with the lower persulphides a 
decompositirn of the corresponding sulphide of hydrogen first 
formed occurs into pentasulphide and sulphuretted hydrogen. 
Pentasulphide of hydrogen is a bright yellow, mobile, trens- 
parent oil, possessing an odour peculiar to itself When dry it 
may be preserved in a closed tube without decomposition, but in 
contact with water it breaks up rapidly, with evolution of sul- 
phuretted hydrogen and s paration of sulphur. 

The tobacco- plants in the Russian Government of Bessarabia 
have of late years saflered greatly from disease, which has almost 
threatened ruin to the industry of tobacco growing. Frol. 
Lindemann, having been asked as a spedalUt to study the 
subject, has found three kinds of disease, the most important of 
which by far is a kind of consumption to which the plant is 
subject, caused chiefly by larvae of the beetle Opairum lalvr- 
rntdimi, Fisch. This grub attacks the underground part of 
stem and the leaves. The female lays her eggs from the middle 
of April to' that of May, and in loose ground not yet covered by 
the plants. The larva lives two ai^ a half ihontbs, and the 
pupa stage is fourteen days. The insect does pot breed ^ 
the following spring. The larva feeds at first mostly ^ vrQd 
plants, and Cmifcivulus^ but never on |t 

attacks Gramineae ^malse, wheat* Ac.), but only the eutb^ 
of the grain, end when germination has begun the gvaig ^ 
avoided. Though the time of possible aiiaclc Is Uras sli^^ 
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miuxe Oiltttra in BmtHAbi* hat tufferod much in thU way. 
To pfotoct tb« tobacco, Prof. Lmdemann recommends sowing 
tho ftdds ta the end of March with mustard or rape, so that the 
insect at the time of egg-leyinp may be hiodered by a thick cover 
of vegetation. Another insect (Ptfdjnus fem<fraUs^ F.) acts juit 
like Opatrum, hut does more harm to maize than to tobacco. 
Prof. Lindemann further describes two minor diseases affecting 
the leaves, and making the tobacco unsalable. One {thrifs) is 
also caused by an insect ; the other {mosttic distait) seems to be 
due to some condition of the ground. 

Thr Indian Museum has begun to issue what promises to be 
a most useful series of ** Notes on Economic Entomology. Two 
numbers, by Mr. E. C, Cotes, first assistant to the Superintendent 
of the Indian Museum, have been published — the first presenting 
a preliminary account of the wheat and rice weevil in India ; the 
second dealing with the experimental introduction of insecticides 
into India, and including a short description of modern insecti- 
cides and methods of applying them. 

The new number of the ** Internationales Arch tv fiir Ethno- 
graphic " (Band 1., Heft III.) contains, besides various collec 
tions of short notes, the conclusion of Herr J. Blittikofer's 
excellent paper on the natives of IJberia, and an account, by 
Herr A. Woldt, of objects of interest brought by Captain 
Jacobsen from certain districts of the Amoor in 1884-85, and 
now preserved among the treasures of the Berlin Ethno- 
graphical Museum. These objects arc valuable on account of 
the light they throw on customs connected with Shamanism. 

Ak instructive paper on the osteology of Porzana Carolina 
(the Carolina Rail), by Dr. R. W. Schufelcit, has been re- 
published from the Journal of Comparative Medicine and 
Surgery^ As defined by the American Ornithologists^ Union, 
the order Paludicolie, containing the Cranes, Kails, &c., is 
primarily divided into two sub-orders, the (i) Grues or the true 
Cranes, and (a) the Ralli, containing the Kails, Coots, and 
Gatlin ules, &c. The family Rallida occur in this latter group, 
wherein the genus Porzana is well represented by the subject of 
Dr. Schufeldt’s memoir^the common Sora or Carolina Rail. A 
complete account of ihe osteology of this ralline form has never 
been published, yet its skeleton contains many points of interest, 
to say nothing of importance when it is compared with other 
types. Vfhen his material better admits of it, Or. Schufeldt pro- 
poses to thoroughly compare the anatomy of the several forms of 
American Cranes and Rails. 

The Cavendish Lecture, delivered at the West London 
Hospital by Sir William Stokes, has just been published. The 
subject is ^*Tbe Altered Relations of Surgery to Medicine.'’ 

Accokdino to the report of the Medical Missionary Society’s 
Hospital in Canton for 1887, the medical ebss numl>ered 
twelve Chinese, of whom four were women. I'he students are 
required to pay a fee, which is fixed at twenty dollars a year for 
three years, over which period the oourae extends. They 
support themselves and buy their own books. Western 
medicine and surgery are slowly but surely advancing in China, 
and U i« now time that schools of a high order were established. 
The Inxblication of many medical books,^ the establishing of 
hospitals, In which millions of patients have been treated, the 
trainliig of hundreds of students, the skill of the Koropean 
physicians practising in the open ports— ^aB tend to educate 
China and prepare Ihe way for greater things. 

Tmc Rnssko Btatisticnl Committee having made minute 
ittquipr as to the namber of blind people in Russia, it appears 
that Mindneai U very unequally distributed among the different 
tMbittftalkies inhabiting the Empire. While there are only 8 
iwqple fbr «adi ipiOdO Poles, to for as many Lithuanians 
and jeWl; and 19 for Russians and Letts, the figures rise to aa 


with the Esthoniaos, 35 with the Bashkirs, 41 with the Mor- 
dovians, with the Tartars and Toberemisses, 63 with the 
Tchuvashes, and 83 with the Votyaks. Blindness is thus much 
more widely spread among the yral-AUayans, and espeetally 
among the Finnish-Mongolton stems, than among the Aryans 
and Semites, although the conditions of all these races, so far as 
poverty is concerned, are much the same. It is worthy of note 
that one-eighth of all cases of blindness in Russia are due to 
small-pox, and one-half only to direct eye diseases. 

A JOINT exhibition will be made at the "Cincinnati Centen- 
nial ’* by the National Museum, the Smithsonian Institution, the 
U.S. Geological Survey, and the Bureau of Ethnology. The 
law providing the necessary funds was not approved until May 
28, so that there has been little time for preparation ; but " the 
Government scientific exhibiis,” says Science, " will l>c in Cin- 
cinnati in good season, and will constitute one of the inost 
interesting features of the exposition,” In the Department of 
Anthropology the National Museum will exhibit cases of ob- 
jects showing the geographical distribution and physical charac- 
teristics of the races of men, and the processes and results of 
some of the most primitive arts. It will also exhibit a collection 
illustrating Biblical nrchteology, and a collection of remains of 
prehistoric man in Europe, Asia, and America. In connection 
with the same department the Bureau of Ethnology u ill have a 
good exhibition. It has chosen as its special subject the 
Pueblo of Zufii, its arts and industries ; and it will show various 
models of Indian mounds of the Mississippi. 

The additions to the Zoological .Society’s Gardens during the 
past week include a Mona Monkey [Cefropitliecus mona S ) from 
West Africa, presented by Miss Edith Frank ; a Macaque 
Monkey {Macacus cynomolgus d ) from India, presented by Miss 
Chester ; a Brown Capuchin {Cebus fcUuellus d) from Guiana, 
presented by Mr, Roger M. Dodington ; a — Capuchin 

yCebus ) from Columbia, presented by Mr. H. B. 

Whitmarsh j a Grand Eclectus {Ecfectus roratus) from Moluccas, 
a Red -sided Eclectus {Eclectus ptctorahs) from New Guinea, 
presented by Lt.-Col. K. Wolfe; two Corn Crakes {Crex 
pratensis) British, presented by Mr. R. B. Spalding ; a Green 
Turtle {Chehne viHdis) from the West Indies, presented by 
Baron Henry de Worms ; two Hog-nosed Snakes {Heterodon 

^aty rhinos), a Snake {Cyclophis asiiva), two Carolina 

AnoUses {Anohs carolinensis) from North America, presented 
by Mr. H. E. T. Glover ; two European Tree Frogs (Hyla 
arhorca) European, presented by Mr. Lionel A. Williams; a 
Tuberculatcd Iguana {Iguana tuberculata), two Common Boas 

{Boa constrictor var. divinilaqua), a Snake {Dromieus 

ater) from the West Indies, presented by the West Indian 
Natural History Exploration Committee; two Ruffed Lemurs 
{Lemur varius) from Madagascar, a Hyaclntlrine Macaw {Arcs 
hyacinthina) from Northern Brazil, three Red and Blue Macaws 
{Ara macao) from Central America* four Spotted Tinamous 
{MbtAura maculosa) from Buenos Ayres, deposited ; two King 
Crabs {Limulus poiypkemus) from North America, purchased ; 
two Mule Deer {Cariacus mocrcais) bom in the Gardens. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 JULY 

/XrOR the reckoning of time the civU day^ commencing at 
Greenwich mean midnight, counting honn on to 14, 
is here employed.) 

Crwnncjk am July 21 

Sun rises, tarn, ; souths, tab. 6m. irSs. ; sets, aoh. om. : 
right asc. on meridian* 8h. 8*9111.; deck ao* 9' N. 
Sidereal Time at Sunset, i6h. 4m. 

Moon (Full on Julv 25, 6h.) rises, I9h. 39m, ; souths, ajH. S3m. ; 
seU,4K lom. 't ate, on meridian, 1^. 57'3m.; decl, 
20* as' S, 
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GEOGRAPHICAL NOTES. 

The last survey of the Austrian Alps, we learn from the 
Troc. R.G.S., has already led to some important, if not alto- 
gether unexpected results. Thus the Marmolata, the highest 
dolomite, is reduced from 11,464 feet to ii,oj6 feet. The 
Antelao comes next, reaching, according to the new Italian 
survey, 10,874 feet. Mr. D. Freshfield pointed out in JfSys, in 
his ** Italian Alps," that the two highest points of the Primiero 
group do not differ by 159 metres, as then indicated in the 
Government survey, but are almost equal in height. The new 
measurements show a difference of only id feet between them, 
and reverse the advantage. The figures are subjoined t— 

« . Previous' Cadaster 

Lssl survey. Old survey, meararement. 

Cima di Vezzana ... 3191 3061 3317 

Cimoh ddla Pala ... 3ife 3220 3343 

The Cima di Veizana is therefore 10,470 feet and the Ciinon 
della Pala io>454 feet. The remaining peaks of the Prlatiero 
group gain or lose only a few feet hy the new meaturemeiKa^ 


Mu. W. J. ARCHBhi British Vice-Con«ttl at Chieo^it, h«a 
written an interesting Report of a journey he made in hie diAHct 
last year. This Journey extended north afong the Meping Rivert 
north'east to Chiengsin on the Cambodia Rivert south mid east 
to Nan on the Nam Nati^ then w^wards acM>ss the Meyom, by 
Lakhon to Chlengmal. Several ‘maps acoompany the Report^ 
which add considerably to our knowledge of the topography of 
the region visited. Mr< Archer, writing of the new capital of 
MUang Ffing, describes the manner In which this and similar 
new settlements were formed in Siam. In soch new colonies, 
as the people spread out over the districts around, other settle- 
ments were graduallj^ formed at a distance from the capital. A 
large body of immigrants, or a number of families from the 
same locality, generally form a separate settlement, especially if 
they are of a different race from the original settlers ; and if 
they settle in the capital they usually have a separate quarter 
allotted to themselves. This is characteristic of all the settle- 
ments in Siam, both in the larger cities and in the provinces. 
In Bangkok the inhabitants of the different quarters have 
gradually liecome amalgamated ; but not far from the capital the 
colonies of former captives of war still retain their language and 
customs, and keep up little intercourse with their conquerors. 
In the northern country the separation is as complete, and the 
area of Chiengmai, for example, is divided into numerous 
quarters, each inhabited almost exclusively by people of a 
different race ; and many of the villages in the provinces are also 
colonies of refugees or captives. Mr. Archer is of opinion that 
the country of the Thai Yai (literally “great Siamese or its 
vicinity, the cradle of the Thai people, who thence gradually 
flowed southw ard. The Thai family has numerous divisions, 
differing more or less in appearance, language, and costume, 
though it is not difficult to trace the common type through all. 
The whole subject of the gradual development and modifications 
of the Thai race is a very interesting one from an ethnological 
point of view, and, Mr. Archer thinks, well worthy of research 
for the light it may throw on the early history of Indo-China. 
Mr. Archer gives many useful notes on the various hill-tribes of 
the country, whose distribution and characteristics deserve 
careful investigation. It is to be hoped he may have further 
opportunities of exploring the region and collecting additional 
information. 

The Council of the Russian Geographical Society have issued 
a memorandum wiih regard to the teaching of geography in 
the Universities. This memorandum will probably be taken 
as a Wis for the impending organization of IJniversity teaching 
and degrees in ge^raphy in Russia. ** Geography,** the 
Council write, “bein? a study of the laws and associations of 
phenomena of the physical and organic life of'the earth, it 
implies a serious preliminary study of natural sciences. Without 
a serious knowledge of the laws of physics, it is impossible to 
reason upon the laws dealing with the physical features of the 
globe. For recognizing its true place in the solar system, its 
figure and movements, the knowledge of astronomy and geodesy 
U absolutely necessary. The orijnn of the present features of 
the surface of the earth cannot be dealt with without a knowledge 
of geology and mineralogy. Botany and zoology are neeetsary 
for studying the laws of the distribution of oiganisms ; while a 
knowledge of anatomy and physiol<%y is necessary for the study 
of anthropology, phyto-g^raphy, soo-geography, and anthropo- 
geography, and so on,’* The ex{xrience of the German Unlycr- 
sities having shown how difficult it is for the student to master 
all these subjects if he merely follows the usual lectures of the 
Natural Sciences Faculty# the Council express a hope that special 
courses, appropriate to the requirements of geograpnical studenta# 
may be opened in physics, astronomy and geodesy, chemlrtty, 
mineralo|^ and petrography, geology and the study of soBs |a 
branch t^ich has lately received a good deal of attention in 
Russia), zoology, anatomy and zootomy, physiology, faistorf# 
literature, comparative philolo^, and the leading principles of 
political economy and stati!iit&. Psycholcgy MOg intrpstfid 
in Russip Universities only to Professors chosen from among the 
clergy, the Council urge that it should be introduced into i^e 


and anthropology^ 
of combining both scienceii tn one professovahlp. They 
moreover, to divide the oounw of geography into two dlAmt 
parts, physical geography iErdktmu) tmd special geo^rapliy 
HStoiibal geognipliy If exflndpd 
progmmme^ its opot^ts paitlp^ to 
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to <LUmd^kundt. Although fully rcoognizing the difftculty 
of huviiig lectures in ell the above^nemed subiects espedully 
appfop«itted to ' the needs of geography, the Council s^gest 
that tnieht sunply new want. But if this 

is fcHzod to be imposMble, tney advise that the students who 
wish to take either geograi^y or anthropology as their specialty 
should be left to select in the above-natn^ group of sciences 
those subjects which would best suit them. Students might 
thus take any one of the three chief directions opened to the 
geographer — namely, that of the geologist -geompher, the 
biolcgist'geographer, or the anthropologist-geographer. 


that appears in any particular case is merely a matter of some 
interpretation, arithmetical or other, that is^ven to a symbolical 
result, demonstrably in accordance with the laws of symbolical 
operation.” 

** for the purposes of algebra, is best defined as the 

inverse operation to multiplication/' 

1 will begin by considering instances, and then go on to the 
general case, 

A product of a number and a concrete quantity presents no 
difficulty. Ail that is necescary is to define that the order of 
stating the product shall not alter its meaning — that is, that the 
commutative law shall bold — that, 


THE MULTIPUCATION AND 2 H VISION OF 
CONCRETE QUANTITIES} 


T HAVE recently be^n laying stress on the fact that the funda- 
mental equations of mechanics and physics express relations 
among quantities^ and are independent of the mode of measure* 
ment of such quantities ; much as one may say that two 
lengths arc equal without inquiring whether they are going to be 
measured in leet or metres ; and indeed, even though one may 
be measured in feet and the other in metres. Such a case U, of 
course, very simple, but in following out the idea, and applying 
it to other equations, we arc led to the consideration of products 
and quotients of concrete quantities, and it is evident that there 
should be some general method of interj)reting such products 
and quotients in a reasonable and simple manner. To indicate 
such a method is the object of the present paper. 

For example, I want to justify the following definition, and its 
consequences : Average velocity is proportional to the distance 
travelled and inversely proportional to the time taken, and is 
measured by the distance divided by the time, or, in symbols, 
V ^ s ^ t. As a consequence of this, the distance travelled is 
eciual to the average velocity multiplied by the lime, or s = vt, 
Tne following examples will serve to illustrate what I mean ; — 
(i.) ]f a man walks 16 miles in 4 hours, hts average speed is 

16^ « 4 X • = 4 mile, an hour, the symbol ‘ ,"'1'-' 

4 hours I hour i hour 

denoting a speed of a mile an hour, in accordance with the 
definition. \ 


Similarly, or shortly, — , denotes a velocity of 

1 second sec. 

a foot per second. The convenience of this notation is that it 
enables us to represent velocities algebraically, and to change 
fj-om one me de of measurement to another without destroying 
the equation. 

Thus _ 4 miles _ 4 > 7 ^ = S‘9 - - 

4 hours I hour ^ x 60 seconds, sec. 

= 5‘9 feet }>er second. 

<ii.) The distance travelled in 40 minutes by a person walking 

at the rate of ak miles an hour = x 40 minutes == 

I hour 


? X a 3 miles. 

3 

Such concrete equations are used by a c )nsiderable number 
of people, I believe, but I have not seen any attempt at k 
genenu method of interpreting the concrete products and 
quotients involved. 

Now, I think 1 cannot do better bv way of clearing the 
ground before us than quote what Prof. Chrystal says in his 
" Algebra ” about multiplication and div;sion. He begins by 
saying that multiplication originally signified mere abbreviation 
of addition ; and then (on p, ta) he says 


**fi^ven in ariUimetic the operation of multiplication is 
extended 10 cases which cannot by any stretch of language be 
brought under the original defioitioh, and it becortte^ important 
to inquire what is common to the different operations thus com* 
|>rehettded under one symbol. The answer to this q^uestion. 
which has at different times greatly perplexed inquirers into the 
first prioolptes of algebra, is simply that what is common is the 
formal Jaws of operation [the asiooiative, commutative, and dis- 
tHbativB tawi^ These alone define the fhadamental operations 
of eddidoei, taulUpHcation, and divUioo, and anything further 

Keating nf th« A«*oel*tiea for tbs l-nprove- 
eti Jamtnry 14* rBftS, by A Ledge, CvojMr e 


read 1 


.Qeiwral ! 
t TaacUag^ 


I a X 1 foot = I foot X 2 ^ 1 feet. 

The liistn&Htive law is satisfied ; thus, 

2 feet q- 3 feet - (2 + 3) feet 
^ 5 feet. 

In interpreting the meaning of the product of two concrete 
quantities, we nave to be careful that in the interpretation 
nothing shall violate the laws of numerical multiplication ; t.e, 
if any numerical factors occur, they must be able to be multiplied 
in the ordinary way, and placed before the final concrete pro- 
duct, which must, of course, represent something which varies 
directly with both quantities. 

Thus 4 feet x 2 yards must be equal to S x 1 foot x l yard. 

Now a rectangk^ whose sides are 4 feet and 2 yards, is eight 
times the rectangle whose sides are i foot and i yard, so that, 
if we define the product of two lengths as representing a rect- 
angle whose sides are these lengths respectively, we are not 
vitiating any multiplicaiion law as regards the numencal muhi* 
pliers; and we can compare one such rectangle with any other 
whose sides are of different lengths, by oitlinary multiplication 
and division among such numbers as arise, and by interpretation 
of the concrete products in accordance with the definition. 

Thus, 4 feet x 2 yards s* 8 x i foot x i yard, 
s= 24 X I foot X I foot, 

= 24 square feet, 

= 24 X I a inches x 12 inches, 

- 3456 square inches, 

&c. 

Here we have applied the commutative law so as to bring 
the numerical factors together for multiplication, and have in- 
terpreted the lemaining concrete pi^xlucts in accordance with 
the definition. 

The general result is that = a 3 . \ f a =: aa\ and ^ 

i.e. a rectangle whose sides are d in afi times a rectangle with 
aides a\ b\ \{a^ aa\ and b = ^b\ 

From this example I think we can see that a concrete product 
may properly be used to represent any quantity that varies 
directly as the several concrete factors, and that, being so repre- 
sented, it may, by use of the ordinary rules of multiplication, 
be compared with any other concrete product of the same kind ; 
that -is to say, that, jaeneralfy^ ah a*b\ i( a = aa\ and 

b = 0 b', where a, 0 are numerical factors, and a, a' are different 
amounts of one kind of quantity, and b, b* of another kind, 

Similaiiy, a concrete quotient may be used to represent a 
quantity which varies directly as the concrete numerator and 
inversely as the concrete denominator, and may, by the ordinary 
rules of multiplication and division, be compared with any other 
quantity of the same kind. 

Indeed, 1 may go further and assert that a concrete product 
or quotient (the latter including the former) must, if it is to 
have any meaning at all, represent a quantity varying directly as 
the concrete factors in the numerator and inversely as those in 
the denominator, and that the general use of such representation 
is for compiaruon of the complex quantity with a standard 
of the same kind. Or, generally, we may say it should be 
used, whenever we wish, In our u'ork, to give as full and explicit 
a representation to the complex quantity as possible. 

Tne operation of multiplying [and dividing] concretes may be 
separated ^0 t liat formation of the products, and the 

sim/R/kttfion of them; and this latter process may be again 
considbr^ in two pans r the simplification of the numerical 
factors, $\e, otdin^ multzplicaUon and diidsion, and the simpli- 
fication of <h« oOndrete factors, i.r. cancelling where possible, 
and, finally, {nterpmtaHoA 
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The fint pfttt ol nitUiplioation is the repres^itWitftt of a 
complex qtmatity wMch i« proportional to the ie*e^ facton in 
the nnmerstor, and invereeljr proportional to those in the deno* 
minator ; the second part is the comparison between the particn* 
lar complex quantity and a standard of the same kiiML The 
representatithi may be temporary^ 1./. adopted for the solution 
of a pariif^lar problem ; or it may be peroianentt adopted 
throughout a whole subject. 

Thus, if a, ^ are two lengths, the product ad is always used to 
represent a rettangU whose sides are a, b respectively ; though 
we might have agreed to use it as a representation of a parallefo- 
gram with sides a, b containing an angle of (say) 60^ ; and of 
course we might 6nd a' number of things which in some par- 
ticular problem might be represented by ab^ but all such quan- 
tities must agree in this properly, viz. that in the problem in 
question they shall vary jointly as a and b. 

Our right to cancel among concretes may be established once 
f jr all in some such way as the following : — 

Let a — ao', b — $b\ and therefore ab ^ aB. a'b\ as beforer 
Now, if wc proceed to deduce a formally from the equation 

CL& ft b* 

= 0/8 . ab't we shall get a = which reduces down to 

0 

its known value oa' if we allow b in the denominator to cancel 
against its equivalent Bb' in the numerator. (This cancelling is 
really an application of the law of association to the quotients. ) 

Hy such methods as this we can establish once for all our right 
to apply the formal laws of multiplication and division to con- 
crete products and quotients, when such concrete products and 
quotients represent quantities varying directly as the concrete 
numerator and inversely as the concrete denominator ; though, 
indeed, for that matter a very little practice in the use of such 
' concrete representations renders one^s perception of that right 
almost intuitive. In fact, in all cases a student would very soon 
perceive that the standards involved in the various equations 
might be treated exactly like numbers, and he would also learn 

from the resulting expressions ( e.g. &c. V® appre- 

\ sec. (sec.)* / 

ciate the meaning of the dimensions of quantities with a 
thoroughness unattainable in any other way. 

All questions dealing with mixed standards, or change of 
standards, present no difficulty when this method is adopted. 

Here is a pK)d example of the concrete method. Two ton- 
masses placed a yard apart attract each other with a force equal 
to the weight of one-eighth of a grain. Calculate the mass of 
the earth in tons. 

Sohfion. 5 *“’’ grain * > *on..x » ‘nj 
(4000 miles)- (I yard)“ 

. • , m«* ^ earth = x ton* 

‘J- gram \ 1 yard / 

= &c. 


Hero both nweroior and dffnomiiuitQr mm Wtioat veoton, 
and therefore the dircodooft cancel as they ougbL . 

Secondly, if any involve only one vector, the othi^r 
terms most also, after such simplification of directions as possible, 
involve fAe same vector only. 

£,g. Horizontal range of projectile » , where 

V sin a and g are vertical vectors, and V cos m is borbontal, so 
that the whole expression U a horizontal vector, as it should be. 

Again, if any term involve a product (or redo) between two 
vectors including any angle, every term must, after such can- 
celling and simplification of directions as possible, also involve 
a pr<^uct (or ratio) between two vectors including the seune 
angle. 

The most frequent cases are those where a term consists of a 
product of parallel, or mutually perpendicular directed quanti- 
ties, in which case every term must d j tbe same. 

It is not easy to 8ee what law holds in cases where a greater 
number of directed quantities occur in each term, except in the 
simple case where one term consists of a product of a number of 
parallel vectors, in which case every term must do the same. 

The general law is, I believe, that if any term consists in its 
simplest form of a product or quotient of certain vectors, which 
will form a kind of solid angle, then every term must also 
involve an exaaly simi/ar solid angle of vectors. However, 1 
have not followed this out, os it do ;s not seem likely to be a 
useful test in its general form. 

The following are simple examples of some of the above laws : 


b sst a cos C + f cos A ^ 
fl** = + f** - 2 bc cos A ) 


in a triangle ; 


^ aa f«jr -f r ; 

sin (A + B) sin A cos B -f- cos A sin B. 


This last example should be considered in connection with the 
ordinary geometneal proof, where it will be seen that each term 
on the right is a ratio between lines inclined to each other at the 
angle 90^ - (A -f B), just as the left-hand side U. 

An angle is the ratio between the arc and radius of a circle, 
and if it multiplies a radius, changes it into an arc. Thus, if by 
applying a force P at tbe end of an arm a \yody is turned 
through a piall angle 0 , the work done is Va$ ; tbe product 
of P into the arc through which it has been acting, which is a 
product of parallel vectors, as it must be besides having to be of 
right dimensions if it is to represent work. This expression is 
also the product of ihe moment of the force into the small an^e 
turned through, so that, if we wish to connect the moment of n 
force with work, wc must say f— 

The moment = the work per radian which ciui be done, 


or simply, moment 


work done 

angle turnip through' 


It is most important that the student should be taught to 
notice that physical equations can only be among quantities of 
the same kind, or that, if there are quantities of dinerenl kinds 
in the equation, then the equation is really made up - of two or 
more independent equations which must oe separately satisfied, 
each of these Iveing only among Quantities of the same kind. 
.So we may consider generally that, in any equation, all the terms 
must represent quantities of the same kind. 

But I want to call attention to the fact that merely the dimen- 
sions of a quantity do not always fix ihu kind of quantity. For 
example, the moment of a force is of the dimennoos of work, 
and yet it is not work, and cannot exist as a term in an equation 
involving work terms. Again, the circular meatsure of an angle 
is not a pure number, though it is of zero dimensions os a pure 
number is ; and that it is not a pure number ig evident physacally, 
for a moment of a force x an angle =;= work. 

Now these are special cases of certain genera) laws as to 
direction which hold among the terms of an equation involving 
directed quantities, hut in which the symbols themsehts do not 
include the idea of direction (for 1 wish to confine myself strictly 
to ordinary algebraical equations). 

The laws are : firstly, if any term is independent of direction, 
every term must be also independent of direction, or involve 
ratios between parallel vectors, and so by cancelling direction 
become indepement of it. 

E,g, if a body is projected with velocity V at angle m with 
the horizon, it reaches its greatest height in the time Y-HLff. 


Now I do not wish to insist that in dealing practically with 
mechanical problems it is necessary always to include the 
standards as well as the numerical multipliers in the equations, 
for it would be an intolerable nuisance to have to do so. In com- 
plicated cases, however, I think the student should test the dimen- 
sions of each term in his equation, so as to avoid gross mistakes. 
But it is in trying to understand the fundamental equations in 
any subject that it appears to me important to express particular 
examples of them os fully as possible. 

For practical purposes any numerical equations we may 
desire may be deduced from the fundamental equatioQS, 

For example, the connection between the height of an 
observer above the sea aith the distance (e^) of ms horlson, is 
il^ « 2R^, where H is the radius of the earth ; and we can 
deduce from this tbe numerical relation between ^ height In 
feet, and the distance of vision in miles. For if/ be the nirinber 
of feet in A, and m the number of miles in d, so that A a»/feet* 
and d ^ m mfles, the equation becomes 

* {m miks)^ a= »R X /feet, 

■m 8600 miles x^/feet ; 

^ ^000 tnUai x :i fiwt 4 mo 

^ I approximately ; 

t>. the observer's height in feet » } of the square of the distance 
of his view In miles. , ^ ^ , 

This is a strictly numerical equarion* deduoad 4 l»r pixuakal 
pnrposds from the concrete equation d^ iRA. 
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it cannot, I think, tws too clearly impressed on the student 
that, when any quantity li expressed by a number, that number 
U the ratU of the quantity to some standard of the same kind. 

To t<dce the preceding example, /is the number of feet in the 

he^ht 

s.e, A = /feet, 

s: — ^ = the ratio of A to i foot. 

1 foot 

!>imilar]y w » s=: the rafio of d io 1 mile. 

I imle 

So that the full expression for the relation/ » Sw* is : — 



My position, therefore, as regards numerical equations, is 
this : That the numbers which appear are only short methods 
of stating pure ratios, and that sucn short methods are eminently 
useful in dealing with practical problems, hut do not help a 
student to grasp the fundamental principles of a subject 

There is another simple way in which numerical en nations 
can be deduced from the fundamental ones ; vir. by so choosing 
the^andards of measurement that eveiy term may lie expressed 
in terms of the same standard, which may then be omitted, 
leaving only a relation among the numerical coefhcients of that 
standard. 

To enable this to he done, all the standards of subsidiary 
quantities arc so chosen that, when exprcsse<l in terms of certain 
primary standards, their coefficients shall be unity- When this 
IS syr^ tern at teal ly done, all the standarris are usually called umts^ 
apparently because if you arbitrarily put unity for each primary 
standard, the subsidiary ones will become equal to unity also. 

For example, if a foot and a second are chosen units of length 
and time, a foot j^er second is the unit of velocity. For, the full ex- 
pression for a foot per second is J ; and if you put I foot 

= I, and I see. =r j, the fraction becomes equal to i 

I sec, 

also. 

This plan certainly enables the working numerical equations 
to he very easily deduced from the fundamental ones, with 
which indeed they thus become identical in form, but there is 
great danger lest this fact should make us lo«e sight of the 
important fact that they are only special deductions from the 
hmher kind of equation — from the true fundamental equations 
which exist among the quantities themselves. 


DISCOVER V OF ELEPHAS PRIMIGENIUS 
ASSOCIATED WITH FLINT IMPLEMENTS 
AT SOUTHALL. 

PAPER with the above title was lately read by 
Mr. J. Allen Brown before the Geologists* Association. 
It is of more than ordinary interest to r geologists since an 
attempt has lately been made to show that the mammoth 
benme suddimly extinct by the action of a vast flood seemingly 
univerul in its operation, due to some convulsion or cataclysm, 
which also changed the climate of Northern Europe. 

During last year some important drainage works were carried 
out at Southall, and sections were exposed in the Windmill Lane, 
a road running from Greenford, through Hanwell, across the 
Great Western Railway to Woodlake, skirting Osterley Park, 
08 well as in Norwood Lane, leading from Windmill Lane, 
south-westward. 

The remains of the mammoth were discovered in Norwood 
Lane at the SSToot contour, about 550 yards from its iunctioo 
with the Wlndmin Lane, They wore enroedded In sandy loam« 
ur^erlying evraly stratified sandy gravel, with a thin deposit of 
bncfc earth, about 1 fSoot in thickness, surmounting the gravel— in 
all, about 13 feet above the fbsstla Tlie tusks were found curving 
the shore or eacavatiem, attached to the skull, parts of 
w^h, wHh the leg-bohes, tenth, were exhumed, other bmies 
being seen embedded In ohe sWe of the cutting. Probably the 
might have been removed if the excavation could 
™eherti tmtende^ and if there had been appliances at hand 
wijttppviiw the f^lls, which wete in a soft pulpy condition. 

™e mmfhSr some of the hones in a fre^mentary state, 


including parts of the fore-limbs and jaw, with portions of the 
tusks as well as two of the three teeth found, which were much 
better preserved. The remains were quite unrolled, and the 
joints and articulations of the leg-bones and the teeth were 
unobraded. There can hardly be a doubt, from the report of 
the workmen, that the bones of the fore-part of the elephant, if 
not of the entire skeleton, were in juxta^sition. 

Several implements were found in Norwood Lane, in close 
proximity to the remains, and a u ell- formed spear-heact, nearly 
5 inches in length, of exactly the same shape as the spear-heads 
of obsidian until recently in use among the natives of the 
Admiralty Islands, and other savages, was discovered in actual 
contact with the bones'; smaller spear-head flakes, lcs« 
symmetrically worked^ were also found at this spot. They are 
formed for easy insertion into the shafts by thinning out the butt 
ends, similar to those found abundantly by the author at the 
workshop floor, Acton, and described ^ him in his recently 
published work, Palseoliihic Man in North-West Middlesex." 
Among the implements found at this spot are an unusually fine 
specimen of the St. Acheul or pointed type, S inches long, of 
rtch ochreous colour and unabraded, and a well formed lustrous 
thick oval hirplement pointed nt one extremity, rounded at the 
other, about 5 inches in length, also unrolled. 

From the adjacent excavations in the Windmill Road several 
good specimens of PalmoUthic work were also obtained, includ- 
ing two dagger implements, with heavy unworked butts, and 
incurved sides converging to a long point ; these were 
evidently intended to be used in the hand witJiout hafting. 
Also an In'-truroent characteristic of the older river drift, convex 
on one side, and slightly concave on the other near the point, 
and partly worked at the butt. With these were two rude 
choppers or axes, two points of implements with old surfaces 
of fracture, a shaft -smoother or spoke-shave, and several flakes. 

It is remarkable that most of the principal types of flint 
implements which characterize the oldest river-drift deposits are 
represented in this collection from the vicinity of the remains of 
the elephant. 

Mr. J. Allen Brown accounts for the deposit of fossils and 
associated human relics at this locality by the fact that the 
underlying Eocene bed rises to within a or 3 feet of the surface a 
few yards vest of the spot where the bones and implements 
were found, while towards the Uxbridge Road and upper part 
of the Windmill Lane the drift deposits thicken, until at no 
great distance they have a thickness of 14 to 17 feet. Thus the 
river drift rapidly thins out, and the upward slope of the London 
Clay reache*? nearly to the surface at about the 90-foot contour. 
As the level at which the fossils were found (13 feet from the 
surface) would represent the extent of the erosion and in-filling 
of the valley which had taken place, it is probable that 
the higher ground foi med by the up-slope of the London Clay 
then formed the banks of the ancient river ; or if another thick 
bed of drift should be found still further west in a depression of 
the Tertiary bed such as often occurs, the intervening higher 
ground would form an island in the stream. In either case a 
habitable land surface would be formed vith shallow tranquil 
water near the banks, not impinged upon by the current, which 
afterwards set in the direction of tnis spot as shown by the 
coarser slatified gravel above the loamy bed and remains. 

The author is thus led to the conclusion either that the carcass 
of the elephant drifted into the shallow tranquil water near 
the bank, or else, a« seems more probable from the presence of 
ro many weapons near the snot, including the spear-heod 
found with the remains, that the animat was panused Into the 
shallow water by the Palaeolithic hunters and there becamd 
bopped. Whatever hypothesis may be accepted,- there is no 
evi^nce of any greater flood or inundation than would often 
occur, under the severe dimatal conditions which prevailed 
during the loqg period that intervened betw^n the formation 
of the hi^cr brenches of river drift and that of the mid 
terrace, onlv 2$ to 30 feet above the present river, in which the 
remains of me mammoth and the extinct Quatemary Mammalia 
are more frcquemly met with tinder siwflar conditions. Nor 
does there appear to be any more reason for tucribing the 
extinction of &e great Quaternary Pachyderms to a sudden 
catastrophe orcaiaolysmthan there for the extinction of some 
other Pleistocene animals, such as the great Irish elk, which 
lived on Into, or nearly into, historic times. The difficulty 
involved in this hypothesis is still further increased by the fact 
that other animals, such ms the reindeer and others of northern 
habit, os w^ftll as southern forms like the hippopotamus, were not 
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utterly destroyed their contem^poraries by the same cause, 
but merefy regions more suited to them, as the 

climate and omr oobdidons of tbb country changed. 

Exhibits* — Bones, teeth, and part of the tusks of mammoth, 
and associated dint implements from Southall.^ A flint imple> 
ment from the lacustrine (?) bed at the Mount, Ealing (190 to 200 
O.D.) (See th^ authorb paper, Proceedings Geologtsis' As-ocia^ 
tion, vol. X. tt>. 4). A flint apparently worked by man from 
the Weybourn Crag, beneath the ‘‘ Forest bed” near Cromer. 
A Palieolithic scraper found on the beach near Cromer, &c. 


THE POISONOUS SNAKES OF THE BOMBA Y 
PRESIDENCY* 

A T a recent meeting of the Bombay Natural History Society, 
a paper was read by the Honorary Secretary. Mr. H. M. 
Phipson, on the ** Poisonous Snakes of the Hombay Presidency." 
He producerl for inspection specimens of the following poisonous 
snakes, all of them having been killed in the Presidency of 
Bombay. 

Co/uMnf.—{i) Ophiophagtis claps; (2) Naga tripudians ; 
(3) Rungarus arcuatus ; (4) Callophis triniaculatus ; (5) Callophis 
nigre^cens* 

Viperint* — (6) Dahoia titans ; (7) Echis ca*inata ; (8) 7'ritne- 
resurus anamalUnis ; (9) HypnaU nepa* 

With regard to the first species* the Ophiophagus elaps^ it is 
perhaps the largest poisonous snake in the world, sometimes 
measuring over 15 feet. It is also called the *^king cobra" 
or “hamadryad,” and is not very common, though widely 
diffused, being found In the Andamans, the Philippines, Borneo, 
Java, and Sumatra. On account of expanding a “hood," it is 
frequently mistaken for the cobra, but the head-shields of the 
hamadryad differ very much from those of the cobra. The 
second species, Na^ tripudians y or cobra, is found all over India, 
and up to the height of 8000 feet in the Himalayas. There are 
many varieties, differing in colour and marking, to which the 
natives give different names, thinking them distinct species ; but 
in such matters the native knowledge is not very extensive. 
Thus they believe that all the hooded cobras are females, and 
that the males are harmless. What they call the male is in 
reality only the common Indian rat snake {Ptyas mucosus). 
They also state that the rat snake is proof against the poison of 
the cobra. But this is not the case. Lost year the young ones 
hatched in the Society’s rooms attacked a small Malay python 
put into their cage, when they were only a few days old, and bit 
at it viciously, and the python died in a few hours after its re- 
moval to another cage. Once a year, during the rainy season, 
the cobra lays from twelve to twenty eggs. In one specimen 
shown by Mr. Phipson, the young one. is seen just as it is 
emerging from the egg. The tooth with which it cuts its way out is 
shed as soon as it has served its purpose. When born, the young 
cobras measured about 74 inches long, and were very fat ; but at 
the end of a few months they were about 9 Inches in length, but 
had lost all their plumpness. It is very remarkable that the 
original nutriment got out of the egg should be able to sustain 
them so long. Un account of its timidity and the great ease wkh 
which it can be tamed, it is the only snake with which the snake- 
charmers will have anything to do. By attracting its attention with 
one hand, it may be easily seized round the body with the other j 
and so long as the hand or any other object is kept moving 
before its eyes, it will never tutn to bite the hand that holds it. 
This is the simple fact the knowledge of which the charmers 
turn to such advantage in their well-known performances. The 
snake is taken from its basket, and a slight stroke across the back 
brings it at once into a defensive attitude. The constant motion 
of the musical instrument before the snake keeps it watchful and 
erect, and not the music produced. As a matter of fact, snakes 
have no external ears, and it is extremely doubtful whether the 
cobra hears the music at all. ITie charmers say that the adder 
of the East, the Daboia, has no ear for music, because they can- 
not operate on it as they do on the cobra. It is rather in- 
teresting to note that this has been the belief since David’s time 
at least — ** like the deaf adder that stoppeth her ear ; which will 
not hearken to the voice of charmers." (3) The krait (Bun- 
gai^s arcuaius) is an exceedii^ly poisonous snake, and U quite 
common in nearly every part ot India. One specimen taken in 
the Bombay Presidency contained a ' ' brown tree snake " (Dipsas 
golool) and in another specimen was found a Hyas mucostts^ thus 
showing tbat this species eats snakes. The common Lye^dm 


amluus^ one of the non- poisonous snakes, is vai^ ;|such like -f he 
krait, but they can be . distinguished by ihe in the 

krait of Urge nexagonal scales down the centre of the back. 
(4) The Caihphis trimacnlatm has no popular name* 2 ^ k 
undoubtedly poisonous, and lives on other snakes, very likely the 
Calamarise. (5) Callophis nigrtsemsy which grows to about 
4 feet in length, is black in the upper parts and red in the 
lower. 

(6) The first class of the Viperine snakes is the Dabcia elegans 
called by Europeans ip India the Chain Viper and in Ceylon the 
Tic Polon{^ The fangs ate very long, and for this reason, 
together with its fierceness, it is the most dreaded snake in 
India. Its poison nets differently from that of the cobra. Its 
tenacity of life is really wonderful, it having been known to live 
for a whole year without food. The length of this snake rarely 
exceeds 5 feet. (7) The Echis carinaia and the last-named class 
are the only trite Wpers in India. The harmless “ brown tree 
snake " gokool) is frequently confused with the Echis 

carinatay but they are easily distinguished by the scales on the 
head of the latter, while the Dipsos gokool has plates or shields. 
(8) The green tree viper ( Trimeresw'us anamalUnsis) is one of 
the family of Crotalidie or pit vipers, so name<l from the pit or 
cavity beneath the eye and the nostril, of which family the terrible 
rattlesnake of America is a member. In India there are eight 
species of Trimeresuri, but up to the present only one has been 
found in Bombay, though it has been stated that another species, 
T. strigatus has been seen far up the country. (9) The head- 
quarters of the Hypnalc nepoy or CarSwala, are in Ceylon, but it 
is commonly found along the Malabar ooaat. 

These classes include all the poisonous land-snakes, Alt the 
true sea-snakes are poisonous, and of these, amongst others, the 
following arc in the Bombay collection : Hydrophis dusdcmCy 
Hydrophis robustOy Hydrophis curiOy Hydrophis aunfasciatusy 
Hydrophis Phipsoniy Hydrophis Guniheriy Hydrophis Lindsayi* 
Hydtvphis ckhrisy Enrhydrina bcngalmsiSy Pclamis hi color* 


SCIENTIFIC SERIALS* 

Rendiconti del ReoU Insiituio Lomhardoy May.— Foraminifera 
of Mount S. Colombano Lodigiano, by Dr. brnesto Mariaoi. 
A classified list is given of these organisms, collected chiefly by 
Profs. Maggi and Balsamo CuvelH m the district stretching from 
the right bank of the Lambro to within a few miles of the Po, 
The prevalence of Mlliolidse and allied forms shows that this 
fauna, which mostly stilt survives in the surrounding seas, 
flourished in the warm shallow waters which at a remote epoch 
flooded the plains of Lombardy.— On the use of the lucimeter 
in agriculture, by Prof Giovanni Cantoni. The author’s recent 
experiments with this instrument, first designed by Bel Uni, show 
that it is calculated to render great service to husbandry in 
combination with the thermometer and psycrometer. — Alberto 
Brambilta continues his paper on a certain class of algebraic 
surfaces ; and Prof. A. Scarenzio has some remarks on the 
therapeutic properties of the arsenical thermal waters of 
Acquarossa, near Biasca, on the old St. Goth aid road in the 
Canton of Ticino. 

June 7, — On the normal curves of genus / of various spaces, 
by Prof. E. Bertini. Clifford’s fundamental theorem is here 
established by a more synthetic method than ai^ hitherto 
publbhed demonstrations. The theorem itself (Philosophic 
Transactions, 1878* p. fiSt) is here announced in the following 
modified form i — A curve of genus p and order n>2p-z cannbt 
belong to a space of more than n^p dimensions.— On the pro- 
posed sanitary legislation for Italv, by D. C. Zucchi. A 
calculation is made that by the adoption of such measures as are 
enforced by the Local Government Boards in Great Britain, tfie 
average mortality of the population might be reduced from over 
27 to under 20 per thousand. This is shown to be equivalent to 
the rescue of lop.ooo lives, whose labour for 300 working days 
represents an annual sum of nearly j^5,oco,ooo at present lost 
to the nation.— Meteorol^ical obt^rvacions made at the Royal 
Observatoiy of Brera, Milan, for the month of May. 


SOCIETIES AND ACADEMIES* 

Lcwdon. 

Royal Society, June 14. -t-** The Minimum-point of Change 
of Potential of a Voltaic Couple." By Dr. G. Gore, F.JLSU 
In thiacommunioatioB it described the following veiy dmpto 
method of detecUng the iafiacoce of the miidnuim proportion of 
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^bJorine or oth^Mlable tvbacance, &c., upon the electromotive 
fbree ofe vottklc couple (tee NATtrua, vof. xxxviii. p. 117). 

Tftke A voltaic cottpie» composed of an unamalgamated strip of 
zt^c or magnesium Itne latter U usually the most sensitive), and 
a snkiU sK^ of platlnumi immersed in distilled water ; balance 
its fliffctric potential through an ordinary galvanometer of about 
100 ohms resistance by that of a precisely similar couple com- 
posed of portions of the same specimens of the same metals, 
immersed the same moment as the other pair in a separate 
quantity of the same water ; and gradually add to one of the two 
cells sufficiently small and known quantities of an adequately 
weak solutioa of known strength In a jporuon of the same water, 
of the substance to be used, until the balance is upset, and take 
note of the proportions of dhe substance and of the water then 
contained in that cell. In the present experiments a magnesium 
platinum couple was employed. 

The minimum proportions required with several substances 
were as follows : potassic chloride, between 1 part in 3875 and 
4650 parts of water ; potaasic chlorate, between 1 in 4650 
and 5166 ; hydrochloric acid, between i in 516.666 and 
664,285 ; and with chlorine between i in 15,656,500,000 and 

i9jS65.*iOiOOo. 

The proportion required of each different substance is 
dependent upon very simple conditions, viz. unchanged com- 
(Hxaition of the voltaic couple, a uniform temperature, and 
employing the same galvanometer. The apparently constant 
numbers thus obtained may probably be used as tests of the 
purity or of the uniformity of composition of the dissolved 
substances. 

The ** minimum-point ” varies with — (1) the chemical com- 
^>osition of the liquid ; (2) the kind of positive metal ; (3) to 
a less degree with the kind of negative metal ; (4) the tempera- 
ture at tile surface of the positive metal, and at that of the 
negative one ; and (5) with the kind of galvanometer employed. 

The order of the degree of sensitiveness is manifestly related 
to that of the deme m free chemical energy of the liquid ; also 
to the atomic and molecular weights of the dissolved substances, 
and to the ordinary chemical groups of halogens. The greater 
the degree of free chemical energy of the dissolved substance, 
and the greater its action upon the positive metal, the smaller 
the proportion of it required to change the potential. 

As the ** minimum point” of a chemically active substance 
dissolved in water is usually much altered by adding almost any 
nuluble substance to the mixture, measurements of that ix)int in 
a number of liquids at a given temperature with the same voltaic 
pair and galvanometer will probably throw some light upon the 
<legree of chemical freedom of substances dissolved in water. 

On the Change of Potentialof a Voltaic Couple by Variation 
of Strength of its Liquid.” By Dr. G. Gore, F.R.S. 

This paper contains a series of tables of measurements of the 
clectromottve forces of a voltaic couple composed of unamal- 
gamated zinc and platinum in distilled water, and in aqueous 
Holutions of different strengths of the following substances : 
potaasic chlorate, }K>tassic chloride, hydrochloric acid, and 
bromine* The measurements were made by balancing the 
txjtential of the couple by that of a suitable thermo-electric pile 
(Proc. Birm. Phil. Soc. vol. iv. n. 130) through an ordinary 
astatic galvanometer of about 100 ohms resistance. 

The following are the mtmmum proportions of those substances 
required to change the potential of the couple in water : potassic 
chlorate, between i in 221 and 258 parts of water ; potassic 
chloride, between 1 in 695,067 and 1,390,134; hydrochloric 
acid, between 1 in 9,300,000 and 9,388,185; and of bromine, 
betwMo z in 77,500,000 and 84,545,000 parts. 

With each of these substances a gradual and pniform increase 
of strength of the solution from tne weakest tip to a saturated 
•(ine was attended by a more or less irregular change of electro- 
*notivc force. 

By plotting the quantities of dissolved substance as ordinates 

the ^ectromotive forces as abscissae, each substance yielded 

different curve of variation of electromotive force by uniformly 
changing the strength of its solutioa, and the curve was charac- 
teristic of the sumtaoce. As the least addition of a foreign 
soluble stthstonce greatly changed the ‘'imnnnum-potnt,” and 
altered the cutve qf yariaiioA of potential, both the curve and 
the minimum proportion of a substance veouired to upset the 
balance of the couple in water may probably be und as tests of 
the ch^ioal composition of the substance, and means of 
c^amliiiog ht state of oomhiiiation when, dissolved. By varying 
ihe strength^ Mi nach of the metals separately, a 


curve of change of potential was obtained for each positive metal, 
but not for every negative one, 

** Influence of the Chemical Energy of Electrolytes upon the 
Minimum-point and Change of Potential of a Voltaic Couple in 
Water.” By Dr. G. Gore, F.R.S. 

By means of a sinc-platinum voltaic couple in distilled water, 
with its electromotive force balanced by that of a suitable 
thermo-electric pile ^ (Binin. Phil. Soc. Proc. vol. iv, p. 130), 
the effect of several groups of chemical substances upon the 
potential of the couple was examined. Measurements were 
made of the electromotive forces of a series of strengths of 
solution of each substance, and the results are given in a series of 
tables. 

The minimum proportions of substance required to change the 
potential of the couple in water were as follows ; — 

Potassic iodate, between i in 443 and 494 

„ bromate i „ 344 *, 3*4 

,, chlorate ,, i ,, 23 i ,, 258 

„ iodide „ I „ 15,500 „ 17,222 

„ bromide ,, 1 ,, 66,428 „ 67»39i 

„ chloride „ 1 ,, 695,067 704,54© 

Iodine ... I „ 3.100,000 „ 3.521,970 

Bromine ... „ I ,, 77,Soo.ooo „ 84.545,000 

Chlorine ... „ 1 ,, 1,264,000,000 ,, 1,300,000,000 

On comparing these numbers we And that the proportion of 
substance required to upset the voltaic balance was largest with 
the oxygen salts, intermediate with the haloid ones, and least 
with the free elementary halogens. It was smaller tne greater the 
degree of chemical energy of the substance ; thus it was about 400 
times less uith chlorine than with iodine. And it was smaller 
the greater the degreeT of freedom to exert that energy ; thus it 
was about 5,416,000 times less with free chlorine than with 
potassic chlorate, or 1,570,000 times less than with the combined 
chlorine of the chlorate, and about 185 times smaller than with 
potassic chloride, or 88 times less than with the combined 
chlorine of that salt. 

The order or curve of variation o^otential by uniform increase 
of strength of the solution was different with each substance, 
and was apparently characteristic of the body in each case. A 
great number of such representative curves might be obtained 
with a zinc platinum or other voltaic couple in different 
electrolytes. 

June 21.— “ Further Researches on the Physiology of the 
Invertebrata.” By B. Griffiths, Ph.D., F.R.S. (Edin.), 
F.C.S. (Lond. and Paris), Principal and Lecturer on Chemistry 
and Biology, School of Science, Lincoln ; Member of the 
Physico-Chemical Society of St. Petersburg. Communicated 
by Sir Richard Owen, K.C.B., F.R.S, 

I. TAfi Renal Organs of the Asteridea. 

The digestive apparatus of UrtUer ruhens (one of the Aste- 
ridca) is briefly de-ioribed as follows The capacious mouth, 
found upon the oral side, leads into a short oesophagus, which 
opens into a wider sacculated stomach with thin distensible walls. 
There are five larae stomach sac<; ; each of these is situated in 
radial position and parses into the base of the corresponding ray. 
Each sac or pouch is kept in its place by two retractor muscles 
fixed to the median ridge of the ray, which lie between the two 
ampullie or water-sacs. Passing towards the aboral side, the 
stomach forms the well-known pentagonal ** pyloric saq.” The 
pyloric sac gives off five radial ducts, each of which divides into 
two tubules bearing a number uf lateral panermtk follicles, 
whose secretions are poured into the pyloric sac and intestine. 
The author has proved the nature of this secretion to he similar 
to the pancreatic fluid of the Vertebrata (Edinburgh Roy. Soc. 
Proc., No. 125, p. 120), Recently, the secretion found in the 
Ave pouches of the stomach (of Urasier) has been submitted to 
a careful chemical and microscopical examination. With a 
quantity of the secretion uric acid crystals vfore extracted by the 
same methods at described in his previous papers (Proc. Roy. 
Soc., voL xUk p. 392, vol. xxxvUi. p. tSy). 

The tests proved the entire absence of urea in the secretion 
under examination. No guanin or calcium phosphate could be 
detected in the tccretion, although the author has found the 
latter compound as an ingredient in the renal secretions of the 
Cephalopoda and the 'LamelUbranchiata (Edinburgh Roy. Soc, 
Proc., vol. xiv. p. 230). 

> This instramsnt \ numufoeturad by Messrs, Nalder Bros., Honoibrry 
Rosd, WestmiaMer 


386 


miTURM 



, riiiiii Ihji ^|iii^1|l[i<1aii, dw uolation of uric acid proves t>te 
renal AmcHw pouches of the stomach of the Asteridea. 

These poudbijmlure the homolo^es of the organs of Bojanui 
and nephridiif%[the MoUcuca, the green glands of the Cmstaceaj 
and the tegmeota! organs of worms. 

1 I« The ScUivary Giands a/ Sepia ofiicinalu and Patella 
vulgata. 

I'he author has already made a complete study of the 
aephrtdia and the so-called “livers” in both these forms of 
the Invertebrata (see the memoirs, loc. riV. ). Since then he has 
studied the cbemico-physiological reactions of the secretion 
produced by the salivary glands of the cattle-hsh and the 
limpet ; these organisms representing two important orders of 
-the Mollusca. 

2 i« Septa ojicinalu. 

There are two pairs of salivary glands in Sepia o^Scinalis. 
The posterior pair, which are the largest, lie on either side of 
the oesophagus. The secretion of the posterior glands is poured 
into the cesophagus, while the secretion of the smaller anterior 
pair of glands passes directly into the buccal cavity. This 
secretion was tested by similar reactions to those described in a 
former paper (Edinburgh Roy. Soc..Proc, , vul, xiv. p. 230) and 
with similar results. 

There is much in favour of the supposition that fhe diastaiic 
ferment found in these secretions is produced as the result of the 
action of nerve-fibres (from the inferior buccal ganglion) upon 
the protoplasm of the epithelium cells of the glands. 

The author intends to examine various orcans in other genera 
and species of the Pecapoda ; especially those inhabiting the 
Japanese seas. 

2. Patella vul^^ata^ 

The two salivary glands of Patella are well-marked and 
< situated anteriorly to the pharynx, lying beneath the pericardium 
on one side, and the renal and anal papilla on the other. They 
are of a yellowish-brown colour and give off four ducts. The 
secretion of these glands was examined by the same method 
applied to the salivary glands of Sepia qfidnaliSf and with 
Himllar results. 

The following table represents the constituents found in the 
salivary secretions of the two orders of the Mollusca aleady 
investigated 



1 Cephalopoda, j 

1 

Gaftteropoda. 

1 

(a) Dibran- 
cbiAta. 

(a) Pulmogas- 
teropoda.' 

0) Branchio- 
gasteropoda. 

Soluble diastatic fer- 
ment 

present 

present 

present 

present 

1 

present 

’? 

? 

present 

present 

present 

present 

Mucin 

Sulphocyanates 

Calcium phosphate.. 


From these investij^ations, the salivary glands of the Cephalo- 
poda and Gasteropoda are similar in physiological function to 
the salivary glands of the Vertebrata. 


III. TVie “ AjW” 0/ Carcinus moenas. 

The ** liver ” of Careinus mcenas consists of two large glands 
on eadh side of the stomach, and extendiM; the whole length of 
the cephaio-thorax. These organs are of a yellow colour, and 
consist of numerous csecal iviStn arranged in tofts which are 
easily seen in a dissection beneath the surface of water. 

The secretion of the so-called “liver” of CaretHMS moenas t 
when freshly killed, gives an acid, reaction. 

From the reactions detailed in the paper the' CQAcluslon to be 
drawn is that the so-called “ liver ” of Carvinus tnoenas is pan- 
creatic in function, f.r. its secretion is more like the secretions 
of the pancreas of the Vertebrata than those of a true Uver. 

Some biologists look upon the vertebmte Uver, pancreas, and 
salivary glands as differentiated bodies of an orf^nal pancreas 
of the Invertebrata. But have not very many forms of the 
lower animals similar salivary glands to those found in the 
Vertebrata? And is not the so-called “liver” of the Inverte- 
brata a true |Mncreas capable of producing the same ehenrical 
and physiological reactions as the ^ncrcas of bigger foim? 

* Bdiokurgh Proc. Roy. Soc., voL xlv, fw Sj6b 


Ph^tenl Soct|t|s% June 2 ^.— Prof. Pi<i4- 

dent, in the chair^'^-Tllt ftilbwingcMSottomtlo^^ 

The phatometiy of tcAmt, by Ci^>taia Abiw, S. This 
relates to the measuremiMlit of light reAectod mm iMonred sdr^ 
faces and pigments as compare with the qeaiidty refteeled 
from white or black* The a^aratus used In the investigatlbA 
consisted of a spectroscope and camera s«ini||er to those used by 
the author for the production of a patch of monocfar, 3 anatlc light, 
and a small shadow photometer seewod tpr Ifae tneasareineAb 
The screen was made of two parts— one Ihs cotouf to be tfsM, 
and the other white or black according to the standard being 
used ; and the stick was arranged so Uiat the diadows felt near 
the junction of the two parts. Light refleaed from the surfrutt 
of the frrst glass prism served to illuminate otte shadow ; and for 
the other, monowomatic light of any desired colour could be 
used. The intensities were adjusted to equality by cutting off 
more or less of the stronger light by means of a revolving ^eel 
with adjustable sectors, tbe opening of the sectors being a 
measure of the luminosity of the pigment. In another arrange- 
ment a double-image prism was used to separate the spectrum 
into two ports. Monochromatic light from one part passed 
direct to the screen through sectors in a rotating whe^, and 
monochromatic light from the other spectrum was reflected on the 
screen at a sufficient arimuth to give a separate shadow, by 
means of two total reflection prisms. The losses by reflection 
were allowed for by observing the position of the adjustable 
sectors required to give equal intensities on a white screen. From 
the results obtained “ colour curves ” can be plotted for different 
pigments, &c., and templates constructed which, when rotated 
m the path of a spectrum, rq>roduce the corresponding colour. 
Carmine, sky-blue, and gold were tltus reproduced. By means 
of templates constructed from “colour curves ” any colour may 
be reproduced at any future time. In course of the experiments 
many interesting obeervations on colour-blindness have been ob- 
tained by the author and General Festing, some of which were 
described. A que^ion was asked as to whether it was possible 
to reproduce any given colour, for no two arc lights could be ex- 
pects to give exactly equal intensities in all parts of the spectrum. 
Dr. Thompson requested information rej^rding the effect of 
absorption bv the different thicknesses of the prism through 
which the light passed, and thought the results obtained might 
be different if prisms of other materials were used. The fact 
mentioned in the paper as to the sky being greenish is well 
known to artists, who usually mix cobalt blue with yellow to 
produce the required tint, Dr. Thompson also reminded the 
members of an experiment he brought before the Society some 
years ago, in which grass seen through a solution of perman- 
ganate of potash appears bright crimson when compare<l with red 
colours seen through the same solution. In reply, Captain Abney 
said that colours could be imitated whatever the source used to 
produce the spectrum, for the resulting colour is the same as that 
seen when the “original ” is viewed by light from that source. 
Regarding absorption, Ac., by the prism, he did not think an>' 
appreciable difference was produced, for the results obtained 
when using the recomposed spectrum as white light were the 
same as those got by using light reflected from the surface of the 
first prism. In conclusion, he directed the attention of physidsts 
to Lord Rayleigh's papers on sky colours, Ac.* published in tbe 
Phil, which would well repay vc^ careM study. —Kote 

on continuous current transformers, by Prof. S. P. Thompson. 
Two dosses of transformers are considered, viz. mator~generaiors 
and commuting (rem^armers^ in which a two-drcuU armature is 
fixed in a revedving magnetic Add. Such a field may be 
dttced by using a fixed gramme ring as the \field- magnet, and 
rotating the brtuiheB round its commutator, j The fortnulie oth 
mined apply equally to both classes. If be the numbers of 
primary and secondary wires on outside or armature ; Ry, 
tx t| fg, f*} rg, tbe E.M,F., potential difference dt ter- 
minals, currents, and resistances of primary and secondary rer 
spectively, then it is shown that fg = hex - (r, -t* iVi)i, w>ere 

hm which is osdled the “co-effidenteftransforniatlon.*' Thus 

the potential difference is the same as if the dynamo part had its 
resistance incfcaiied by As the eunemis in me primary 

and second^ are in op^he directions, the effective eelf- 
iuductioo will be very small, benoc such macfakiei ean be mn 
with IHtle Of no sparking, la a prev^ paper by the aame 
auibor, similar properrics as regards seU^indacwoi m yeristapee 
were rikown to eaast in alfernaUng curreot trensforeem fPom 
the above eqaetioa it U evidettithiUareiolergeaereter eaaffot lie 
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gvve tfMftstMt potcntiAl whtn M|iplied «t cointaiit 
except when t^te mtcrnel reustAoces Are v«^ small ; but 
be cecr^ooitiPMtdbw the distribtttinff dynamo the Mired result 


^ ceer^witiPMtdhw the distributing dvnamo the Mired result 
MMiy be ebtuned* Mr. Kapp ajnretd with the author as regards 
motnt'futievators miming wHh Httle sparking, but thought the 
gn«£ dmculty in using them commerdatly would be in preserving 
tM inttdntioii between the circuits, if anything like oooo voUs 
wfie used in the primary. He also mentions the method of 
prodwdng a rotating field by alternating currents, recently de> 
scribed by Prof. Ferraris and Mr. Tesla, and thought it would 
be pmlcr^le to the one devised by the author of the paper. In 
repfy, Dr. Thompson ^aid that insulation could be easily mam' 
tatned between the core and windings of brush armatures, and 
saw no reason why it should present very serious difhculties in 
continuous current transfoncneis, — On an optical model, by 
Prof* A. W, RUcker, F.R.S. The model exhibited and de- 
scribed is to illustrate the character of the vibrations in a crystal 
cut parallel to the axis, when plane- polarized light is incident 
upon it* A rectangular glass box represents the crystal, and 
glass plates placed at short distances from each end imitate 
crossed Nioofs. A rod, carrying coloured circular and elliptical 
rings and straight bars, passes along the axis of the box. These 
riiws are mtended to indicate the character of the vibration at the 
diMwnt points at which they are placed. I he length of the 
crystal it supposed to be such that plane-polarized red rays 
emerge plane- polar ixed in the initial plane after being succes- 
sively plane, elliptical, circular, elliptical plane, elliptical 
circular, elliptical and plane-polarized within the crystal. All 
the light is quenched by the analysing Nicol. Supposing light 
of greater frequency (say green) to be used, anotner rod with 
green ellipses, &c., is placed in the box, nnd illustrates that such 
Tight emerges elliptically polarized, one component only of which 
is stopped by the analyzer. I'his shows how plane -polarized 
white light, when passed through crystals placed betwen Nicols, 
may become coloured. — On a new barometer, by Mr. T. H. 
‘Hlakesley. A uniform glass tube is sealed at one end and a 
thread of mercury introduced, inclosing a quantity of aii. An 
observation is token by noting the volumes, A and B, of the in- 
closed air (as indicated by the divisions on the scale) when the 
lube is placed vertically with its closed and open ends upw^ard 
respectively. The height, H, of the barometer is given Ijy the 

formula H - " wliere I is the length of the mercury ' 

column in the tube. For convenience, I Is made lo inches. The 
whole instrument is very portable, weighing only 6 ounces, and | 
measuring about iS inches long.- In the absence of the author, : 
a paper on the existence of an undulatory movement accompany- i 
ing the electric spark, by Dr. Ernest H. Cook, was taken as read, 
when sparks pass between two points placed above a plate on 
which some powdered substance has been scattered, the particles 
arrange themselves in circular lines approximately concentric 
with the projection of the middle line joining the two points. 
The proximity of the lines is found to Iki very nearly constant for 
the same powder, independent of ihc intensity of the spark used, 
or the material of the plate. Different powders give different 
numbers of lines per inch, and mixtures, numbers between those 
corresponding to their constituents. A great number of sub- 
stances have been tried, giving numbers between forty and eighty- 
eijitht per inch. These extreme numbers were obtained for chalk 
and silica respectively. The author has feund no satisfactory 
hypothesis by which to explain the results. A number of photo- 
graphs acoompany the paper, showing the character of the 
ngures prodi^ced. At the meeting, an apparatus made by the 
late Dr. Guthrie was exhibited, with which similar figures to 
those described in the paper could be obtained. It consists of a 
shallow elliptical dish covered by a glass plate, ^>arks are 
passed 1)etweesi two small knots across on* fiscua, and powder. 
J^nkled on the bottom, forms into circles about the other 
locus. 

Anlhmdlcigieal Inttitute, June a6. —Francis Galton, 
presidenti in the chair,— Mr, Arthur S. Burr ex- 
hibited a collection of pottery and other objects from recent 
excavations In New Mexico.— Mr. H. O. Forbes exhibited 
a Series of phofographs taken by him in New Guinea.— A 
gperon ih* Nicobar lahuwlers, by Mr. £* H. Man, was read, 
w, has been resident at the Nicobars for periods amount- 
^ in Ml to about 7 years, viz., 1^71-88 j during that time he 
M pmarad a vocnbulary containing 6000-70CX) words, and he 
M ill a pokicion readily to make inquiries from the 


natives on the various points of ethnological imdreM Connected 
with their constitution and their culture, and to subatattUate from 
a variety of independent sources all the information he obtained. 
After giving a description of the islands and sketch of their 
history, Mr. Man proceeds, working on the linujaid donn in 
the Anthropological Notes and Queries, to a careful considera- 
tion of the constitution of the Nioobarese, which he prefaces 
with an outline of oertain and ethnic charactcrutics in 
support of the racial affinities of the Nicobarese with the Indo- 
Chinese races. From measurementt taken of 150-300 indi- 
viduals at the difiTerent islands, Mr. Man gives the average height 
of the Nicobarese men a.«i 5), and of the women as 5 feet, a 
result which disproves the statements of earlier writers regarding 
the disproportion which exists between the sexes in respect of 
size. The coloration of the skin pigment of (he face, chest, 
back, arms, and thighs is found to differ in a more or less 
marked degree in each individual ; the two former are usually of 
a distinctly lighter shade than the last three. Another error 
needing correction is the assertion that these people can carry 
without any trouble 200 cocoa nuts, or 5 cwts., whereas it 
appears that in spite of their undoubtedly fine physical develop- 
ment the maximum load which a Nicobarese can carry may be 
reckoned as from 160-180 lbs. In the absence ofstatutics it is 
difficult to speak with certainty, but from personal observations 
extending over 17 years it would seem that the average length 
of life among these islanders is higher rather than lower than it 
is among the natives of the adjacent continents: the extreme 
limit of life actually noted is a little over 70, and 80 may be 
regarded as the maximum ever attained. With reference to the 
numerical strength of the aboriginal population, a census taken by 
Mr, Man a year or two ago proves inat nearly half the popula- 
tion of the group is contained in Car Nicobar, where a decided 
increase is taking place, as is also the case at Chowra Teressa 
and Bompoka. In the central and southern portions of the 
Archij>elago the small ratio of the juvenile element points, 
however, to a diminution in those islands of the number of 
inhabitants. It is satisfactory to learn that, though not entirely 
exempt fiom the evils which seem inseparably connected with 
.advance in civilization, it does not appt^r that the Nicobarese 
have suffered either physically or morally from their contact with 
Europeans during the post 19 years. 

Entomological Society, July 4.-Dr. P. Sharp, President, in 
the chair. — Mr. Knock exhibited male and female specimens 
of a spider received from Colonel Le Grice, R A., who had 
captured them at Folkestone on May 27 last. They had been 
submitted to the Rev. O. Pickard -Cambridge, F.R.S., who 
identifted them as PtlUnti iri^nciaCus, a species new to 
Britain. Mr, Knock also exhibited specimens of Merisus 
de$tr%ittor (Riley), an American parasite of the Hessian fly. — 
Mr. Wallis- Kew exhibited larvce of A dimama tanaaii found in 
Lincolnshire feeding on ScaVnous, — Mr. Porritt exhibitetl a 
number of specimens of Arctia manduOt bred from a batch of 
eggs found last year on a species of Rumex at Huddersfield. 
Mr, Porritl said that this species, in the neighbourhood of 
Huddersfield, was often more sjiotted than the typical form, but 
he had never before seen anything approaching in extent the 
variation exhibited in these bred specimens. Out of forty -four 
specimens not more than eight were like the ordinal^ type of 
the species.— Mr. M ‘Lachlan exhibited specimens of FaHnpnia 
hn^cauda received from Rotterdam. ^Mr. Jacoby exhibited 
the following species of Phytophagous Coleoptera from Africa 
and Madagascar, recently described by him in the Transactions 
of the Society, viz. x~^Lema iaticolhs^ Cladataia nigripennis^ 
Oedioi^ychis madagascanensis, Bhfharida inter media^ B, nigra- 
macuia'a^ Chrysomcla ntadagascartcHsiSy SagtaopacCy BUpharida 
ornatkoUis^ B, lateHmaculatay MasadontasubmetalUcay Sikemati- 
utla viridisy Spiiocepkalus viridijfenniSy Afaphylia smarapidi- 
pennisy Aethonaa variaHHs. — M. Alfred Wailly exhibited a mige 
number of species of Lepldtmtwa and Coleoptera, recently 
received him from Assam, from the West Coast of Africa, 
and from South Africa. He also exhibited eggs and living larvw 
of Bamhyx cythcreea^ and made remarks on the life -history ol 
the species. 

Mineralogical Society, June 28.— Prof. Jas. Geikic, 
F.R.S., in the chair.— The following papers were read; — A 
mangano magnesian ma^tite, by Prof. A. H. Chester, Hamil- 
ton College, tJ.S. A.— The distributioti and origin of the mineral 
albatileiii Rosi*shire, by Hugh Miller, F.RS., of H. M. Geol. 
Surrey,— tEklerite, a mineral tar in old ted sandstone, Hoss-shirer 
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by Mr. W* ]>bgMrA)] Achdenfiy.— These papers were 

accompanied mMricHia%iMlyBes, by Prof, J, Macadam.— The 
roclc-forming Addxpars and their determinaiion» by Mr. Alex. 
Johnstone* and A, B. Griffiths, F.R.S.E. — A Scottish locality for 
miniite* with analyses by Prof, Macadam, by Rev. W. W. 
Peyton. — Minerals of the Trcshiniah Isles, by Prof. Heddle. — 
On the aeoIitjjfB of rye water, Ayrshire, by Prof. Heddle.— Prof. 
Macadam communicated various analyses of coals, of head dies, 
and of diatomite.— Minerals were exhibited by the Duke of 
Argyll, Dr. Balfour, Prof, Macadam, Mr. Peyton* and Dr. 
Black. 


Paris. 

Academy of Science, July 9. — M. Janssen, President, in 
the chair.—On cyclones, by M, Masenrt. Referring to M. 
Fayc*s last communication, the author accepts as a concession 
the remark that at all events in hxed depressions currents arise 
about the periphery, which have a more or less convergent 
tendency. He also quotes the full text from Mohn’s work, 
showing that this meteorologist admits an ascending motion iir 
tropical cyclones, and is consequently opposed to M. Fave’s 
theory. — On the figure of the earth, by M. H. Poincare. The 
object of these calculations is to ascertain whether it be possible 
to find a law for the varying density in the interior of the globe 
which shall satisfy at once (il Clairaut’s equation ; (2) the 
observed value 7^ of the flattening ; (3) the observed value 
305 ‘6 of the constant of the precession. The conchssion arrived 
at is that no hypothesis on the law of densities will satis^ these 
values.—The number of centenarians in France accoraing to 
the census of 1SS6. by M. Emile Levasscur. Of the 1S4 
returned as centenarians, loi are shown to have been classed in 
this category by error. For 67 of the others no documentary 
• evidence was forthcoming, leaving 16 whose claim to the honour 
appeared to be fairly well established. Joseph Ribas, the 
olaest, was bom at Snn Estevan de IJtera, in Spain, on August 
20, 1770, and was still living at Tarbes in 1088, and is con* 
sequently now close upon n8 years old. The greater proportion 
belong to the soutli* western provinces, and as far as can be 
judged firom available data there is no reason to suppose that 
they are either more or less numerous now than in former 
times.— Formula for the calculation of longitudes by means of 
chronometers, by M. Caspari, By the formula here worked out | 
the author has determined a conection of 2" '45 for Hai*Phong, ! 
Tongkiog, which differs little from the 2 "*93 which M. La Porte 
has recently obtained by the telegraph, — On ih€ position of 
Timbuktu, by M. Caron. The approximate position of this 
place is found to be 16'' 49' N. (at. ; S’ *2' W. long., which 
differs considerabl;^ from Barth’s 18“ 3' 45^' N. ; 4® 5' 10" W. — 
On the determination of the constants and dynamic coefficient 
of elasticity of steel, continued, by M. 'E, Mercadier. These 
researches lead to the general conclusion that the strictly e/astic 
properties shown in vibratory or other phenomena of a transitory 
nature should be carefolly distinguished from the physical 
properties accompanied by permanent distortion. The former 
vary but slightly, the latter considerably in the different kinds of 
hard and soft steel.— On the prmoagation of the sound produced by 
firearms, by M. de Labouret. The apparent increase of velocity is 
explained with M. Joumee on the hypothesis that the projectile 
at each successive instant of its motion through space is the centre 
of a fresh concussion. The series of observations here recorded 
gives results for the velocity of the sound, which are mainly in 
accordance with the theoretic calculations.— A new method for 
the measurement of the electric resistance of saline solutions, by 
MM. £. Bouty and L. Poincar^. A process is described by 
means of which the difficulties may be overcome, which are met 
with in Che application of ordinary methods to salts in solution at 
temperatures ranging from 300® to 5001® C. The results agree 
sufficiently well i»jth those previously obtained by M. Foussereau 
by a different process for temperatures from 329* to 355® C. — 
ActinO' electric researches, continued, by M. A. Stoletow. The 
anchor here describes an apparatus constructed by him for the 
purpose of studying the actino-electric currents in diverse gases 
and vapours, and under diverse pressures. At ordinary pressure 
he finds little difference between dry wr, moist air, and hydrogen, 
while for carbonic acid the current is nearly twice as attoog. — 
On some compounds of yttrium, by M. A. Ouhoin. To the few 
combinatiotts of yttria hitherto obtained by the dry process the 
author here odds the ulioate of yttria, gadotinUe of pure yttria. 
and the crystallized oxide of yttrium. — Syntheses by menus of 
cyenacetic etheri by M, Alb. Haller. By the , process 


already described for the preparatioo of the oovrespondliif 
benzoyl, ttcetyl, t>ropionyl, and other ethers; thq kilthbrm suo^ 
ceeded in obtaining the s^thesis of the orthotc 4 uy], phenylaoe^ 
tyl, dnnamyl, and dlcinnamyl oyanacetic ethers.^'-^On the 
alkaloidn of liver oil, by MM. Arm. Gautier and L. Mour- 
gues. It is shown that this substance contains several alkaloithi, 
some very active : but the pre^'ent pa^wr rleals mainly with the 
leucomaines obtained by the authors from tbe yellowidi oils 
yielded both by the Norwegian and Newfoundland cod. — On 
paradoxal dcafnes-t and its treatment, by M. Houcheron. This 
curious affection, the paracousia of Willis, in which the patient 
is deaf to words uttered in the silence of a room, but not in a 
noisy street, is here carefully studied and found to be a variety 
ofotopiesis. — A fishing basket for deep sea hauls, and an electric 
apparatus for illuminating the oceanic depths are described and 
illustrated, the former hy Prince Albert of Monaco, the latter by 
M. P. Kegnard, 
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SdENTIFIC ASSESSORS IN COC/RTS OF 
JUSTICE. 

P UBLIC attention has lately been called, by various 
incidents, to the system under which the trial of 
scientific cases^ and especially those in which the respec- 
tive rights of rival inventors are involved, is at present 
conducted in courts of Justice. Last week Mr. Justice 
Kay decided a case in which the Edison-Swan United 
Electric Company were plaintiffs, which lasted twenty-one 
whole days, or about one- tenth of the legal year ; and it is 
possible that it inay occupy very much more time in the 
Court of Appeal, where every day is equivalent to three 
days in ordinary courts, because three judges sit here, and 
again in the House of Lords, if the litigants decide to 
proceed to extremities, as they very frequently do in cases 
of this magnitude and importance. At the same time, Mr. 
Justice Kekewich was engaged in trying another large 
electric patent case ; the Court of Appeal had a similar case 
occupying it for several days, in the course of which Lord 
Justice Cotton, who presided, animadverted in somewhat 
severe terms on the length to which such cases are 
allowed to run. His Lordship, with the concurrence of 
the two Lords J\istices who sat with him, attributed this to 
the manner in which counsel spun out their arguments, 
and urged more brevity and conciseness. Whatever may 
have been the circumstances in the case to which the 
Lord Justice adverted, it is certain that the addresses of the 
eminent counsel engaged in the Edison-Swan case were 
not responsible for the twenty-one days which it occupied 
before Mr. Justice Kay — not including seven or eight 
days for experiments by far the greater part of this time 
was occupied in hearing the contradictory and conflicting 
evidence of a score of scientific men, many of the greatest 
eminence, on the points in dispute between the parties. 
With these points we have absolutely nothing to do here. 
It is sufficient to say that the case involved the investiga- 
tion and decision of matters of the utmost complexity 
respecting the applications of recent electrical discoveries 
to l^hting, and also some obscure questions in the 
history of these applications. All these exceedingly com- 
plicated and difficult questions were tried before an 
eminent judge, who, as he said himself at the commence- 
xnent of his judgment, “has not had the requisite 
scientidc training.'’ It was, in fact, necessary to begin by 
instructing the judge in the elemoits of electrical science ; 
the jxropDsitions which scientific men accept as truisms, 
or as comAion knowie^e in discussions amongst them- 
selves, bad here to be gone over ab initio in order to 
ijd^prm the judge^s mind respecting the A B C of the 
which he had to solve. As to Mr. J ustice Kay’s 
success in the task of acquiring this information, we are 
quite willing to accept the opinion of one of the leading 
eledtrictl papers, which says that “the manner in which 
the judge g^ped the bearing Of the technical evidence 
bai^^n the iKibject of remark amongst everyone present 

m doubt that a Judge, with his trained 
lUiid mM, would muke a very apt pupil ; but 

^ khowiej^, even in such cases, 
one. It is trying 

Vot. 9txxvttL-*-No. 
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to the calmest and most equable mind to be compelled 
constantly to reconsider infonnation acquired with 
care and difficulty, to find the views inculcated by 
one ' eminent man of science totally contradicted by 
another equally eminent, It is not surprising that 
in the maze of conflicting opinions Mr. justice Kay 
was unable of his own knowledge to find his way. 
We reproduced a painful incident in our columns at 
the time it occurred, with the view of exhibiting to our 
readers one of the evils of the present system for trying 
complicated cases, although the circumstance that the 
ca^e was then sub judice precluded us from offering any 
comment on it. We did this with a view of suggesting, 
also, that whoever was wrong — the judge or the expert 
witness — a matter which it did not concern us to inquire 
into^it is not in the interests of science that scientific men 
of reputation should put themselves in the position 
of advocates, thus rendering such treatment possible. 
Judges are only human, and, so long as men with no 
scientific training are left to bear unaided the burden of 
trying cases like that in which the Edison-Swan Com- 
pany were plaintiffs, with their conflicting evidence, their 
authoritative opinions one way flatly contradicted by 
equally authoritative opinions the other, their masses of 
facts on subjects unfamiliar to the judge, so long must 
scientific men who are concerned in such cases expect 
unpleasant rencontres of this description either with the 
perplexed and worried judge or with the counsel on one 
side or the other. To be a witness at any time in a court 
of justice is not pleasant ; it is an experience we have all 
to go through, at one time or another, with more or 
less resignation, supported by the consciousness that 
we are doing our duty as citizens and aiding the course 
of justice. But to be a witness in a scientific case 
on a subject to which you have devoted your life, 
and with regard to which you have obtained a piosition 
of authority, it may be, amongst your fellows who are, of 
all men in the world, the most capable of judging, and to 
be compelled to undergo cross-examination of the usual 
type at the hands of a gentleman who made up his few 
meagre and jejune facts on the subject from his brief the 
night before, and who will forget all he knew by the next 
night— this is hard indeed. But we cannot see how men 
of science can get out of these inconveniences and un- 
pleasantnesses any more than any oth^r class of the com- 
munity, so long as the trials of these cases are in the 
hands of men who know nothing of science, and who 
have no regular and systematic means of obtaining aid — 
judicial aid, that is— from those who do. 

Lawyers appear to be as discontented with the present 
system as men of science have reason to be. The prin- 
cipal legal paper went so far the other day as to suggest 
the formation of a special court for the trial of patent 
cases. These have incased so much of recent years, 
consequent on the vast increase of scientific discoveries 
and their practical applications to the business of life, 
that the did machinery is no longer adequate to deal with 
the new situation. Other litigants suffer in their business 
and pockets $ the courts become congested, and the judi- 
cial business of the country is seriously impeded. The 
present urraiigements can be satisfactory to no one, ex- 
cept, perhaps, to the few lawyers who are making their 
fortunes Ivy thto, To our minds, no very revolutionary 

o 
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process is needed to render the courts equal to the work. 
A judge’s time in Such cases is mainly lost in acquiring 
the information necessary to enable him to understand 
the points at issue. On a famous occasion it was said 
that we should have to educate our masters ; litigants in 
patent cases h^ve to begin by educating their judges. 
During the course of the Edison case the Judge found 
the evidence on one important point so conflicting, that 
he suggested the propriety of having experiments made 
by scientiflc men on both sides, in the presence of some 
disinterested man of science, who should report to him 
on the result. The suggestion was followed : Prof. Dewar 
and Dr. Hopkinson carried out the experiments on one 
side, Mr. Crookes and Prof. SiJvanus Thompson on the 
other, the President of the Royal Society being the 
umpire. In the course of the judgment Mr. Justice 
Kay acknowledged that Prof. Stokes’s report made that 
obvious," which he could not previously understand. 
Prof. Stokes, in fact, was called /ft qud that particular 
point as an assessor to the Court. Suppose he had been 
called in at the beginning, and had sat all through the 
case, how much time, labour, and unpleasantness would 
have been spared ! How rapidly he would have enabled 
the judge to narrow down the points at issue, and to 
understand them ! And if Prof. Stokes had been aided 
by some other independent and qualified man of science, 
how much sooner and more satisfactorily the whole 
business would have been concluded. We want, in fact, 
sworn scientific assessors in courts of justice to aid un- 
scientific judges in arriving with reasonable despatch at 
reliable conclusions on matters which demand scientific 
knowledge. Patent cases invariably turn on tl>e con- 
struction of a written document- namely, the specification 
—and this, like all other documents, is a matter for the 
Court, guided by the rules which apply generally. But," 
says Lord Chancellor Chelmsford, if the terms used 
require explanation as being terms of art or of scientific 
views, explanatory evidence must be given, and with this 
aid the Court proceeds to the office M construction." 
Now there are two processes already in operation in the 
High Court of Justice, which it seems to us might well 
be applied to the determination of these complicated 
scientific cases, or rather by which disinterested and 
unbiassed scientific aid might be given to the Court in 
the determination of cases such as the Edison and Swan 
case. One is by the system of referring," the other by 
assessors. Reference is an every-day proceeding in the 
Courts in complicated cases. By the 57th section of the 
Judicature Act of 1873, the Courts are empowered "in 
any cause or matter requiring any prolonged examination 
of documents or' accounts, or any scientific or local 
examination which cannot, in the opinion of the Court or 
a judge, conveniently be made before a jury, or conducted 
by the Court before its ordinary officers, the Court or 
judge may at any time, on such terms as may be thought 
proper, order any question or issue of Tact, or any 
question of account arising therein ter be tried cither 
before an official referee, or before a special referee to be 
agreed on between tlie parties." The referee or umpire 
is armed with proper powers, and in due time reports to 
the Court, which thereupon proceeds to adjudicate 
upon the Case, having got rid of a mass of technical 
details with which it was incompetent to deal by the 


instrumeotality of the reibree who was quite cotnpethhti'v . 
Doubtless it was in pursuance of this power that Mri 
Justice Kay referred a portion of the recent case to 
Stokes ; but suppose the whole matter, the issues haidng 
been narrowed down to their real limits, had been referred 
at the beginning to Prof. Stokes, aided if necessary by 
some other independent expert, to report the result to ttm 
Court, about twenty days of valuable public time would 
have been spared, amd in the end the decision would 
have commanded a confidence which the judgment of a 
wholly unscientific judge, Imwever acute, cannot be 
expected to receive. 

But it appears to us that the system of assessors, who 
sit with the judge in court, and who aid him with their 
scientific knowledge and experience, would be even more 
satisfactor>'. It is in daily use in Admiralty cases. The 
practice is thus laid down in Messrs. Williams and Bruce’s 
" Admiralty Practice," second edition, p. 441 : — " If the 
questions in the cause depend upon technical skill and 
experience in navigation or other nautical nutters, the 
judge is usually assisted by two of the Elder Brethren of 
the Trinity House of Deptford Strond, who sit with him 
as assessors, and wlm, at the request of the judge, after 
hearing all the evidence on each side, advise him on all 
questions of a nautical character. But in all cases it is 
with the judge alone that the decision rests.’* An eminent 
judge of the Privy Council summed up the duty and 
position of assessors .in these words; — He (the judge) 
is advised and assisted by persons experienced in nautical 
matters ; but that is only for the purpose of giving him 
the information he desires upon questions of professional 
skill ; and having got that information from those who 
advise him, he is bound in duty to exercise his own 

judgment The assessors merely furnish the 

materials for the Court to act upon." But what this 
comes to in practice, circumscribed though the duties of 
the assessors are in theory, we learn from a remark of the 
eminent Admiralty judge, Dr. Lushington ; “ I never 
yet pronounced a single decree, when I was assisted by 
Trinity Mastcis, in which I was not perfectly convinced 
that the advice they gave me was correct." The presence 
of the Trinity Masters is secured by either party filing a 
pracipe praying for their attendance. And now all Ad- 
miralty cases, in whatever Court, may be tried with the aid 
of nautical assessors, when this is considered desirable. 

Although this system is, as a rule, confined to Admiralty 
cases in practice, all Courts are empowered to call in the 
aid of assessors, for by the sfith section of the Judicature 
Act of i873, the High Court or Court of Appeal may in 
any cause or matter in which it thinks it expedient so to 
do, call in the aid of one or more assessors specially 
qualified, and try and hear such cause or matter wboUj^ 
or in part with their assistance. If Prof. Stokes and' 
some other qualified expert had sat with Mr. Justice I(^y 
during the hearing of the recent lighting case, it is 
scarcely probable that it would have lasted twenty^tn^, 
days, or that various unpleasantnesses inseparable 
the bearing of such a case, which was nothing if ly^ 
scientific, by a conscientious but unacientific judge^ woop 
not have been avoided. There are no reasons ^ 

judge should not be aided in cases of this tedml^p/ 
descripdeh by scientific experts, as Admipky judges ' 
by fiEUtical eupgrts ; (here ane a gpat m^y 
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j^koiildt The ordei‘]y and efTective administration of 
the weight which should be attached to judicial 
dectatODS, ^e ^economy of public time, and, we would 
add, the seif-respect of scientihc men, and the best 
interests of scietUihc discovery, all call loudly for some 
such reform as that here suggested. 


LANGLEYS NEIV ASTRONOMY. 

The New Astronamy. By Samuel Pierpoint Langley, 
Ph.D., LL.D. Illustrated. (Boston : Ticknor and 
Co., ]SS 8 .) 

P ROFESSOR LANGLEY'S beautiful book does not 
appeal merely to the intellect. The senses have 
their share in the gratification its perusal affords. Every 
turning of a page is a conscious luxury. Flach touch of 
the paper, in which the thickness of vellum is combined 
with the polish of satin, flatters the finger-tips with a 
bland caress. In texture, it compares with the paper on 
which qrdinary work-a-day scientific treatises are printed 
as does a velvet-pile with a Kidderminster carpel. The 
binding is in a corresponding styleof lavish magnificence. 
The illustrations have obtained the last perfection of 
finish. 

Yet the excellence of their execution is for the most 
part secondary to their intrinsic merit. Needless to say 
that photographs figure largely among them. There is a 
capital Sunspot series by Rutherford ; there are specimens 
of Pickering's stellar spectra ; besides several coronal 
autographs, Mr, Common’s inimitable Orion nebula, and 
Rutherford’s scarcely yet surpassed print of the moon. 
Among visual delineations, we meet Bond’s admirable 
views of Donati's comet, Trouvelot’s elaborate Saturn, 
De la Rue’s well-known Jupiter, above all, Prof. 
Langley’s own exquisite solar drawings. The surface 
of the sun has probably never been so perfectly seen as 
by him ; it has certainly never been depicted with such a 
wealth of trustworthy detail. Some insight into one of 
the sources of his success is afforded by the following 
paragraph (p. 17) 

The surface of the sun,” he tells us, may be com- 
pared to an elaborate engraving, filled with the closest and 
most delicate lines and hatchings, but an engraving which 
during ninety-nine hundredths of the time can only be 
seen across such a quivering mass of heated air as makes 
everything confused and liable to be mistaken, causing 
what is definite to look like a vaguely seen mottling. It is 
literally true that the more delicate features are only 
distinctly visit»le even by the best telescope during less 
than one-hundredth of the time, coming out as they do in 
brief instants when our dancing air is momentarily still, 
so that one who has sat at a powerful telescope all day 
is exceptionally lucky if he has secured enough glimpses 
of the true structure to aggregate five minutes of clear 
seeing, while at all other times the attempt to magnify 
only produces a blurring of the image. This study, then, 
demands not only fine telescopes and special optical aids, 
but endless patltmce.” 

^^Sndkss pwtlence" is, indeed, a sine fnd nen in 
neaiiy gli departmehts of astronomy ; but it is not 
always dtssoda^ W^h the skill of eye ^ hand witnessed 
to by lue lepresentosionB oa. Nor oeoldthey have 
been hroiikl^ of 


a more than commonly high quality. The polarizing eye- 
piece made at Pittsburgh must be one of the best ever 
employed to blunt the keen edge of the solar rays. “ By 
its aid,” our author remarks, “the eye can be safely 
placed where the concentrated heat would otherwise melt 
iron. In practice I have often gazed through it at the 
sun’s face without intermission from four to five hours, 
with no more fatigue or harm to the eye than in reading 
a book.” 

The object of the work before us is to advocate the 
claim of the ** New Astronomy” — the astronomy which 
studies the constitution of the heavenly bodies, as opposed 
to that which determines their movements— to a larger 
share of public interest, sympathy, and benefactions than 
has hitherto been allotted to it. The appearance of the 
eight chapters of which it consists in the pages of the 
“ Century ” magazine, has doubtless already contributed 
to promote that end. They are written in an eminently- 
popular style, and with much of that Transatlantic fresh- 
ness by which many a jaded Eurojiean palate is enticed 
to renewed enjoyment of wholesome literary fare. They 
profess to give only a sketch of the results so far attained ; 
but it is a highly stimulating and suggestive one. 
Intelligible to all, they should be welcomed by readers of 
every grade of culture desiring to gain acquaintance, 
almost without an effort, with some of the most surprising 
encroachments ever yet made by the agile human mind 
upon the vast realms of the unknown. 

The two most interesting, because the most original 
chapters in the book, are those dealing with the “Sun's 
Energy.” Here I'rof. Langley is more especially at 
home ; his opinions carry all the weight that long medi- 
tation and laborious research can give them ; yet they 
are expressed not only without dogmatism, but almost 
with diffidence. The higher value given to the “ solar 
constant” by his inquiries into atmospheric selective 
absorption, have naturally obliged him to curtail the 
“life” of the sun. During no more than eighteen million 
years can the present rate of radiation— supposing it fed 
by the shrinkage through gravity of the sun’s substance — 
have been maintained in the past. “ We say ‘ present ' 
rate of radiation,” our author continues, “ because, so long 
as the sun is purely gaseous, its temperature rises as it 
contracts, and the heat is spent faster ; so that in early 
ages before this temperature was as high as it is now, the 
heat was spent more slowly, and what could have lasted 
* only ' eighteen million years at the present rate might 
have actually spread over an indefinitely greater time in 
the past ; possibly covering more than all the aeons 
geologists ask for.” 

This is of course perfectly true. There can be no 
reasonable doubt that the sun was, in the initial stages of 
its career, a comparatively murky luminary, rich in the 
promise of future possession, but scantily distributing, „ 
because scantily supplied from, stores of light and heat 
strictly tied up against the possibility of premature waste 
for the benefit of generations to come, its heirs by entail. 
But has there been no compensatory period of extrava- 
gance ? Has otur sun already passed through Its “ Sirian ” 
phase — if a Sirian phase ,bc indeed an inevitable 
“moment” in the existence of every star—or is it yet to 
come ? ^ Tke question eannoc at ^present be answered ; 
but until it if, estimates of the px^hable past duration, 
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in its illuminative capacity^ of the central body of our 
ayetean, are evidently illusory. The actual radiation of 
»un would be not improl^bly decupled by the sudden 
change of its atmospheric and photospheric constitution 
to that of Sirius or Vega. In other words, the stock of 
energy now sufficing for the expenditure of ten million 
years would then bs dissipated in one million, with a 
corresponding abridgment in time of the heating and 
lighting efficacy thus vastly heightened in intensity. The 
same caveat applies— should it be concluded that the 
Sirian is a later than the solar stage— to attempts to 
assign a term for the inevitable exhaustion of the 
great fountain of vital possibilities. The objection is 
however evaded by Prof. Langley's statement fp. loo) 
that, at the present rate^ the sun’s heat-supply is enough 
to last for some such time as four or five million years 
before it sensibly fails. It is certainly remarkable,’’ he 
adds, that by the aid of our science man can look out 
from this 'bank and shoal of time/ where his fleeting 
existence is spent, not only back on the almost infinite 
lapse of ages past, but that he can forecast with some sort 
of assurance what is to happen in an almost infinitely 
distant future, long after the human race itself will have | 
disappeared from its present home. But so it is, and we 
may say— with something like awe at the meaning to 
which science points — that the whole future radiation 
cannot last so long as ten million years.” 

Our author is sanguine as to the prospect of econo- 
mically applying the sun’s heat to mechanical purposes. 

“ From recent measures it appears that from every square 
yard of the earth exposed perpendicularly to the sun’s 
rays, in the absence of an absorbing atmosphere, there 
could be derived more than one-horse power, if the heat 
were all converted into this use, and that even on such a 
little area as the island of Manhattan, or that occupied 
by the city of London, the noontide heat is enough, could 
it all be^utilized, to drive all the steam-engines in the 
world” (p. III). No wonder that, enticed by such calcu- 
lations, '' practical men ” should devote attention to this 
unfathomable source, of power ; and we may well believe, 
-with Prof. Langley, “ that some of the greatest changes 
which civilization has to bring may yet be due to such 
investigations.” 

“ Future ages may see the seat of empire transferred 
to regions of the earth now barren and desolated under 
intense solar heat— countries, which for that very cause, 
will not improbably become the seat of mechanical and 
thence of political power. Whoever finds the way to 
make industrially useful the vast sun-power now wasted 
on the deserts of North Africa or the shores of the Red 
Sea, will effect a greater change in men’s afifairs than any 
conqueror in history has done ; for he will onpe more 
people chose waste places with the life that swarmed 
there in the best days of Carthage and of old Egypt, but 
under another civilization, where man shall no longer 
worship the sun as a god, but shall have learned to make 
it bis servant.” 

In bis chapter on “ Meteors,” our author seems to view 
with a certain degree of favour the suggeiition that^ some 
-of these small bodies “ may be the product of terrestrial 
volcanoes in early epochs, when our planet was yet 
glowing sunlike with its proper heat, and the forces of 
Nature were more active” (p. 193). He does noti how- 
ever, stop to discuss the difficulties besetting tbk 
hypothesis ; bad he done so, he could scarcely have 


ikiled to conclude them insuperable^ The , resistance 
opposed by the atmosphere of the earth to the upward 
flight of projectiles from its surface has, for Instance, 
never been sufficiently taken into account. It is quietly 
assumed that some unspecified and insignificant addition 
to the initial velocity n^ed to secure definitive escape 
in a vacuum, would have sufficed to overcome atmo- 
spheric hindrances ; whereas the minimum swiftness at 
starting in the second case should be at least thrice, or 
quadruple that in the first. The effectiveness of the air 
in arresting motion is practically exemplified in the con- 
tinuous meteoric bombardment against which it forms 
our sole shield. Yet the projectiles composing it possess 
far higher velocities than terrestrial volcanoes could, 
under any conceivable circumstances, be supposed to 
Impart. And the few Among them that meet the earth’s 
suiface arc impelled towards it by gtavity after their own 
movement has been wholly, or all but wholly destroyed. 
Instances must be very rare in which an aerolite has 
brought down with it in its fall any portion of its orbital 
speed. Moreover, our present atmosphere is doubtless 
rare and shallow compared with its pristine condition ; 
while there is no certainty that volcanic action, of an 
explosive kind, was ever much more eneigetic than it 
now is. 

Prof. Langley adopts, or rather admits the " tempera- 
ture-classification ” of stellar objects current at the time 
when his concluding chapter on The Stars” was 
written. It speaks volumes for the rapidity with which 
the “new astronomy” progresses that, in a few short 
months, this scheme — to which there were always serious 
objections*— should have fallen obsolete. Mr. Lockyeris 
repent investigations have at least bad the effect of 
rendering a complete revision of ideas on the subject in- 
dispensable. The book with which we are just now con- 
cerned professes, however, not even to describe, but barely 
to mention, the various departments, photometric, spectro- 
scopic, and photographic, of stellar physical astronomy, 
"on each of which," the author justly remarks (p. 248),. 
" as many books, rather than chapters, might be written, 
to give only what is novel and of current interest. But 
these,” he adds, " are themselves but a pan of the modera 
work that has overturned or modified almost every con- 
ception about the stellar universe which was familiar to 
the last generation, or which perhaps we were taught iio 
our youth.” 

An English edition of a work which we can recommend 
as corresponding with singular felicity and charm to the 
designs of the writer, is in preparation, and will shortly 
appear. Some photographs of the moon, too recent to be 
as yet generally known, will probably replace in it such 
of Mr. Nasmyth’s lunar illustrations as figure in the 
American edition. A. M. CLBRKn. 


SOAPS AND CANDLES. 

Soaps omd Edited by James Cameron, 

Analyst in the Laboratory, Somerset Hduse. 
"Churchill’s Technological Hand-books,” (Londod: 
J. and A. Ohurchill, t 8 j 58 .) . ^ 

’^H£ of riiis hand-book, as stated in W.preCiukv 
X is to add t6 the articles onglnaily jput^h^ 
Codey% ^^Cycki|m addhtoaal snfprihatioh 
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v^EdQtts'9cattered sotirces, to as to present, in as small a 
compass as possible, information which it is hoped may 
be found useful to technological students and others 
interested in the industries described. Compression of 
bulk being a main object, it is assumed that the reader 
has some degree of acquaintance with various points 
connected with theoretical and practical chemistry and 
certain analytical processes, so that details in such cases 
may be omitted without interfering seriously with the 
usefulness of the book. In carrying out the work of 
compilation, the same necessity for economizing space 
has rendered imperative considerable care in selecting 
and ** boiling down the matter, derived from some two 
dozen different sources in the way of English biblio- 
graphy, for the most part published within the last few 
years ; amongst which may be more particularly men- 
tioned the works on soap-making, candle-manufacture, 
and allied industries by Mordt, Kurten, Dussauce, 
Christian!, Ott, Lant Carpenter, and Watt ; and the 
Cantor Lectures of Field Solid and Liquid Illuminat- 
ing Agents*’) and of Alder Wright (‘‘Toilet Soaps”). 
References to Continental literature and patents, though 
comparatively infrequent, are also to be found at intervals 
throughout the book. 

On the whole, it must be admitted that the author has 
carried out the work of selection and excision, compila- 
tion, abstraction, and general editing with great judgment, 
and that he has succeeded in getting into very small com- 
pass not only a large amount of general information, but 
also a valuable epitome of most, if not all, of the various 
advances in manufacture and the additions to scientific 
knowledge that have been made up to the present date 
in connection with the industries treated of, comprising 
not merely the production of soap and candles, but also 
the intimately associated manufacture of glycerin. This 
latter is quite a modern offshoot from the parent indus- 
tries, neither of which, however, can claim as high an 
antiquity as some of the metallurgical operations ; for, 
whilst the property of certain oils and animal fats to 
become converted into a saponaceous mass by treatment 
with the lye of wood ashes was known in the first century 
in an incomplete way, as evidenced by the writings of 
Pliny, no authentic information is extant leading to the 
beli^ that anything of the nature of true soap was known 
at any much earlier period ; the materials referred to by 
the Old Testament writers as boritk^ and translated 
‘* 8 oap^* (or, in early editions, “ sope’*), appearing to have 
been simply alkaline matter, without any oil or fatty in- 1 
gredient combined therewith. On the other hand, the I 
manufactuie of candles, f.c. a wick surrounded by a solid 
fusible matter capable of combustion under such circum- 
stances like oil in a lamp, does not appear to have been 
practised among the ancients, lamps burning fluid oil 
being th^ usual source of artificial illumination: prob- 
ably torches, or thick wicks impregnated with oil, pitch, 
dec., and sufficiently stiff to be handled, were the earliest 
form of cukdle. Not until the fourth century of our era, 
however, does this crude device sppekr to have developed 
in^ khythfog approaching the modern form of candle, wax 
being th^ used as the combustible matter in the finer 
^low qr other solid anfmal lat in the coarser 


The researches of the yet living M, Chevreul, made in 
the early part of the present century, cleared up the 
chemical constitution of oils and fats generally, and 
largely helped to bring about great improvements both 
in the manufacture of soap and in that of candles : they 
demonstrated that oils and fatty matters in general are, 
for the most part, compounds analogous to mineral salts, 
being produced by the union of a fatty acid ” and an 
organic compound of weak basic character, gly^erin^ 
in the same way that a mineral acid and a strong base 
or metallic oxide will saturate one another to form a salt 
of the ordinary type ; and that soaps are the alkaline 
salts of the fatty acids contained in the oil, &c., used, the 
process of “ saponification ” being simply the elimination 
of the organic basic constituent, glycerin, by the more 
powerful alkali employed, potash usually forming a soft ” 
soap, and soda a hard ” one. By treating the soaps 
thus formed with mineral acids, the “ fatty acids ” are 
similarly displaced from combination with the alkalies, 
and substances are thus obtained usually less fosible than 
the original fatty matter, but, like it, capable of being 
burnt in conjunction with a wick, and frequently with 
less liability to smoking and charring the wick. The 
leading developments of the candle industry thence 
resulting have accordingly been in the direction of pro- 
ducing the fatty acids by saponification (or cheaper 
processes substantially equivalent thereto), and expression 
of the more fluid constituents (usually, though somewhat 
unsystematically, termed oleine), so as to render the solid 
residue, or stearine, of higher melting-point, and therefore 
better suited to form candles not apt to bend in summer 
or in hot climates ; and the use of mineral solid hydro- 
carbons (paraffin- wax and allied materials from paraffin- 
oil, petroleum, ozokerite, &c.) as ingredients in combina- 
tion with, and sometimes to the exclusion of, the stearines 
thus formed. The more solid fats (tallow, suet, and 
certain solid vegetable fats) arc naturally the substances 
most largely employed, as furnishing the greatest yield 
of solid stearine suitable for candle-making ; but several 
oil? and semi-fluid products (like palm and cocoa-nut oils), 
when chilled and pressed, yield a notable quantity of 
more solid constituents equally available for the purpose. 
The fluid fatty acids, or “ oleines,*' obtained as by- 
products in the candle industry, are either neutralized 
directly by aqueous caustic alkalies, thus forming soaps, 
or, according to the recent process of Radisson^ are fused 
with caustic alkalies (preferably, but not necessarily, 
potash), whereby oleic acid becomes converted into solid 
palmitic acid, of sufficiently high melting-point to be 
capable of employment for making candles. 

For the manufacture of soaps, scarcely any fotty matter, 
whatever its source or lack of purity, comes amiss ; it being 
of course obvious that the coarser kinds are only available 
for the cheapest scouring soaps, and that only the better 
kinds can be employed in the production of superior 
classes of soaps, especially those intended for toilet soaps 
of high quality (which term by no means applies to all in 
the market). Recovered greases from wool-scouring and 
fulling operations, foetid animal fats from the carcasses of 
horses^ bones, and by-products of glue-manufacture and 
tanning,^, greasy matters extracted from dead cats and 
dogs netted in the rivers and streams, and even that 
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obtained from the scum df sewage, represent some of the 
least attractive of the sources of oleaginous matter dealt with 
by the soap-boiler ; whilst more or less damaged or rancid 
oils, unfit for other use, and “ foots ** (residues containing 
much impurky, which separate during the processes of 
refining various kinds of oils), together with the somewhat 
impure oUy matters obtained by the aid of solvents 
carbon disulphide) from the marcs or cakes obtained in 
olive and seed-oil crushing, cocoa-nut and other rank 
vegetable oils, and animal tallows, lards, suets, d:c, 
imported from abroa.l, and obtained by treatment usually 
of such a nature as to render the product more or less 
malodorous, represent a better class of raw material, 
suitable, after more or less purification, for the ultimate 
production of the ordinary kind of household and laundry 
soaps. The finest varieties of lard, &c., and purified 
almond and other comparatively choice vegetable oils, 
and such like superfine materials, constitute the substances 
actually used in the manufacture of some of the best 
varieties of toilet soap, and supposed to be employed in 
the production of all such more delicate varieties. 

The author briefly but clearly describes the leading 
processes and methods by means of which useful and 
even superior qualities of soaps are manufactured in bulk 
from the more ordinary materials, and the flner kinds from 
tke choicest sources, usually on a smaller scale. Numer- 
ous analyses of various sorts of soaps are quoted, and the 
methods of production of “filled" {i.e. adulterated and 
watered) soaps, and of the composite scouring materials 
containing silicate of soda and analogous alkaline com- 
pounds together with true soap, are adverted to. 1 1 might, 
perhaps, be considered that sufficient stress has hardly 
been laid on the enormous extent to which such admixture 
is sometimes carried on in the case of certain articles still 
sold under the^name of soap. When a scouring material 
contains only one-seventh of its weight of actual soap 
(mostly from cocoa-nut oil), and about as much silicate 
of soda and inert soda salts added to “ harden ” the mass, 
the balance being water pure and simple ; or when a 
so-called “ toilet Sbap ” contains less than two-fifths of 
its weight of true soap, and nearly as much water, the 
balance being simply sugar and a more or less marked 
excess of corrosive alkaline matter (both calculated to 
act most injuriously on tender and delicate skins), it 
would be supposed by many that the limit of honest 
trading and proper description of quality has been pretty 
closely approached, if not a long way passed, by describ- 
ing and selling such articles as “ soap " at all. In the 
description of the manufacture of transparent toilet 
soaps by the process of solution of previously made 
soap (mostly yfellow or resin soap) in alcohol, the author 
states that “most makers also add a certain proportion 
of glycerin." It would be more correct to say that in the 
great bulk of such soap actually sold a very consider- 
able quantity of sugarxs present ; whilst glycerin, although 
frequently professedly a constituent, is-usuaUy conspicuous 
by its entire absence from the ccmposiclon^a dimsrcnce 
by no means to the advantage of the consumer, if troubled 
with a sensitive skin, although not of any great conse- 
quence to the fortunate possessor of a stout healthy 
epidermis not easily affected by external influences, 

C. U. Alder Wright. 


INDIA IN 1 %%^. 

India in iBBy. By Robert Wallaoei Rrdfttisor of 
culture and Rural Economy in the Uni\^slty of 
Edinburgh, With plates and illustrations. (London t 
Simpkin, Marshall and Co. Calcutta and Bombay : 
Thacker, Spink and Co., 1888.) 

P ROFESSOR WALLACE has evidently thrown hii 
heart as well as his brains into his seirimposed 
task. He wished to know the effect of his own teaching, 
and that of the college to which he was attached, upon 
the development of Indian agriculture — and he went to 
see for himself. Let us hope that Prof. Wallace will have 
his reward for so unselfish a motive. The key to his 
position lies in the fact that Indian Government schdlar- 
►ships have been for many years bestowed at Cirencester 
upon Indian native graduates who hive been selected 
for this purpose, with a view to their subsequent employ- 
ment in the Agricultural and Forestry Departments -of 
India. His object, as he himself expresses it, is “to induce 
the Government to alter its plans as regards the Indian 
Agriculture Department, and to see that ground which 
has been lost by inexperienced officers is yet capable of 
being regained by efforts made in the right direction.** 
Quixotic as any attempt may appear to cause a Govern- 
ment department to alter itself, or to quietly submit to 
alteration, no doubt the best plan is to appeal to the 
public, and this is what Prof. Wallace has done. He has, 
no doubt, to some extent courted contradiction and hostile 
criticism from those already engaged in agricultural 
improvement in India. His book is not wanting in 
denunciation of the existing system, the strength of which 
lies in the strongly practical bias of the writer, who 
sympathizes with the farmer and his ways, whether 
found in the stalwart son of the soil in England 
or Scotland, or in the ryot of India. Their methods 
are proved methods, their opinions are the result of 
thousands of years of mental evolution. Prof. Wallace 
clearly shows an inherent dislike to that kind of innova- 
tion which »pi*ings from superficial knowledge gained in 
one part of the globe and thhist upon those who are 
engaged under totally different circumstances of soil and 
climate. He insists most properly, we think, that it is a 
delusion to imagine that any man, however able, can 
gain a thorough or adequate knowledge of the science and 
practice of agriculture in two ycara. Without in the 
least detracting from the value of two years spent in 
study at an agricultural college, he insists that the first 
step is study of native agricultural practices “by nfiiim 

who have been trained in agriculture from their early 
youth in this country, and who have subsequezrtly 
acquired a sound knowledge of the sciences bearing on 
the subject.” 

In the same spirit he inveighs heavily against the 
almost universal employment as model farm mankgem 
of men who have had no truly agricultural training, either 
practical or scientific, and who have no intimate know* 
ledge of the native methods of cultivation. The restdt of 
this systkm has been that “ many failures have defrayed 
the ccmffdence of Government ; and anything 
tural, that \i now being done, is reduced to the merest 
minintumyVftth a chance any modnent of t;»eihg 
abandoned.** 

White these views are forcibly expressed and ai^nd^ 
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aotly iUuftra^ed, Prof. Wallace has not forgotten to widen 
the ' AOppo and interest of his very valuable book by 
copras information as to the products, the agricukure» 
the cattie, the instruments of husbandry, the habits, and 
the customs of India. He has placed on record an im- 
mense number effects which must render his book valuable 
for purposes of reference as well as interesting to the 
general reader* With reference to the liberal display of 
photographic representations, executed by Waterston and 
Sons, the author' looks upon them as instructive rather 
than artistic. The photographs from which they were 
taken were executed by himself, often under difficulties, 
but they are none the less accurate, and therefore trust- 
worthy* 

With regard to the present airangcment of the book, 
the first 300 pages are devoted to descriptive matter 
relating to the cattle and other domesticated animals, the 
soils, implements of husbandry, and crops of India. 
Much of the matter niaj' be left by the busy reader, who 
will find the special views and conclusions of the author 
reserved for the concluding chapters. 

The book is an honest and able attempt to place the 
peculiarities of Indian agriculture fairly before the British 
public, and the views of the author with reference to the 
best methods for developing the agricultural sources of 
the Indian Empire will, we hope, receive the attention 
they deserve. 


OITR BOO A'- SHE IF. 

Jnewadi Yatna : or Twenty Years' Personal Experience 
in SotUh Africa. By J, W. Matthews, M.D. 
(London: Sampson Low, 1887.) 

Dr. Matthews left England in 1864, soon after he had 
taken his medical degree. He settled, in the first 
instance* at Verulam, in Natal, where he was appointed 
a district surgeon. Afterwards he became familiar with 
many difierent parts of South Africa, and especially with 
the Diamond Fields, the inhabitants of which twice re- 
turned him at the head of the poll to represent them in 
the councils of their country. He is not a very skilful 
writer, but any one who will take the trouble to read his 
long and somewhat elaborate narr4ative will be rewarded 
by obtaining a great amount of solid and more or less in- 
teresting information. He has naturally much to say about 
the population of the Diamond P'ields, and about the pro- 
cess Of diamond mining, and on these subjects he speaks 
with the authority of one who presents the results of direct 
personal observation. He hasalso brought together a good 
many curious and instructive facts about the native tribes ; 
and his descriptions of scenery, if not brilliant from a 
literary point of view, at any rate suffice to convey a 
general impression of some of the districts he has visited. 
The work will be of considerable service to Englishmen 
who think of settling in South Africa. 

First Elements of Es^rimet^al Geometry, By Paul 
Bert (London ; C^Mell and Co., 1888.) 

The book of wWch this is a translation was M. 
Paul Bert's last work, and, like his earlier books 
of A ^ikr Mud, it is written in a style that cannot 
kil to interest cnildren. His aim is to go straight 
to Ihe imd, as he tells us in the preface, the 
goal t^,i0apmxhentai geometry in elementary schools is, 
a 4^ nf the properties of diSerent figures, 

™ mwer m mpaeuring ol^ecti xiound about us. By 
w third or fourth lesson 

hb has IsAriit how to measure the height of a tree, and by 


so doing has done a practical piece of work, and b^os 
to take an interest in the subject. 

The book is divided into nine parts, containing in all 
about forty lessons. The measurement of straight lines, 
plane areas^ solids, lengths of curved lines, &:c!, are 
dealt with m the first seven parts ; the eighth shows 
the metliods of constructing various geometrical figures 
and the instruments employed ; Part 9 consists of the 
elements of land surveying and of plan drawing. 

The illustrations and diagrams are numerous and well 
chosen throughout, and the work has been well trans- 
lated. At the end of the volume exercises have been 
added for the use of teachers which are not found in 
the French version, the translator telling us that ‘*the 
extraordinary chatacter of our table of weights and 
measures has made it almost impossible to reproduce 
with the neatness and clearnejs of the original the 
numerous examples which are based upon the metrical 
system.’' 


LETTERS TO THE EDITOR. 

[TAf Editor dots not hold himself responnblt for opinions 
txprtsstd by his corrtspondents, Ntither can he undet^ 
take to return, or to correspond with the writers 
rejected manuscripts intended for this or any other pari 
oj Nature, No notice is taken of anonymous communi’ 
cations.} 

The Renewed Irruption of Syrrhapics, 

Thanks to your kindness in printing a note of mine a few 
weeks since (p. 103), I have received from your correspond - 
enUs a large amount of help in the task I have undertaken ; but 
there is, to me at least, a complete blank as regards observations 
of Syrrhaptes this year in France. It is rimost impossib’e for 
the invadon to have missed that country, since Italy and Spain 
even have been visited in greater force than upon any one of 
the former occasions, yet not a word of the birds being seen in 
France on the present occasion has come to me, notwitlistand- 
ing the inquiries I have made of French ornithologists. 1 would 
ask such of your readern a« may be in that country to send me 
any tidings they may obtain. In 1863 there were at least a dozen 
French localities recorded, and in some of them large flocks were 
sicen. I can hardly suppose that it has been otherwise this 
year. Alfred Newton, 

Magdalene College, Cambridge, July 23, 


Dr. RomaneB' Article in the Contemporary Review 
for June. 

My attention has been directed to an article entitled Recent 
Critics of Daiwinism,” by Dr. Romanes in the June number of 
the Contemporary Rcvicto. While the anonymous writer of a 
recent article in the Edinburgh Review is nghtly exposed for 
quoting what he beheves to be the opinions of men who.;e 
writings he can never have read, or at least can never have 
understood, it is somewhat unfortunate that Dr. Romanes 
should have fallen into the similar error of not makitig 
himself acquainted with views which he profe>scs to express. 
He states (on page 841) that while Cope, Semper, Gcrides, 
and Seebohm liave argued that any proof of natural selection 
as an operating principle opens up the more ultimate problem as 
io i\\^ ccMses ol the variations on the occurrence of which this 
principle depends,*' Weismann and Poulton, on the other 
tand, “ have not so much concerned themselves with 
this more uliirnate pi'oblem.” As it U unlikely that Dr. 
Weismann will have the opportunity of replying to this 
statement, it U only right to point out that this eminent 
zoologist has most certainly concerned himself very earnestly 
with this ultiioate problem* that his original and important 
theories upon the subject will be found m two of his recent 
papers, viz. ** J>ie ConUnnitiit des Keimplasma’s als Grundlnge 
eioer Theorkder V^erbung,” Jena, 1885, and ** Die Bedeutung 
der sexurilen ForttmanevuME Selections -Theorie," Jena, 

i8S6k 

I ahould not hare jtrdnbled to write this reply on account of 
the allusion to myshlf, and I agree with Dr. Romanes In the 
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belief that work dpet not throw any l^ht upon the causes of 
TaiiatioD. There are however many soologisU who believe ^bat 
it has such a bearingt aud indeed it seems only natural that 
writers (such as Dr. Romanes himselO who retain the Lamwkjan 
obiweptioD of the direct induenoe of surroundinj^s in caufting the 
variations of the higher animals, should believe (os I think 
wrongly) that fwey see evidence for the soundness of their viewam 
the results of experiments in which the colours of insects have 
been completely modified in a single generation by the action* of 
environment. Edward B. Poulton 

Oxford, July 15. 


The ThunderAxe. 

Those who are interested in the study of anthropology need 
no reminder as to the European belief in a connection between 
ancient stone weapons and thunder. It would be mere waste of 
time if 1 quoted instances of this connection ; but it may not 
devoid of interest to some of your readers if I bring to their 
notice a modern account of the thunder-weapon, as described 
to-day by a New Zealander, The account may also be of 
service to those studying another branch of anthropology — that 
concerning the influence and value of ancient and modern 
creeds warring in the minds of semi -civil need peoples. I shall 
make no comment of my own, but proceed to give a translation 
of a tale printed (in Maori only) in the pages of the native 
newspaper, the Korimakc, The few words in it which were 
not understood by those acquainted with the ordinary Maori 
speech, I referred to old men well versed in the dialect of that 
part of New Zealand. 

** The findiitg of Te Awhioran^, 

' ** The tribes of this island have hitherto only heard of Te 
Awhiorangi, but have not seen it. We, Ngarauru — that is, the 
people descended from Ranghaupea, our ancestor who hid the 
axe — have never seen it until now . . One of our settlements, 
called Okutuku, is near Waitotara. Twenty natives from this 
settlement proceeded in a party for the purpose of gathering 
the edible fungus (Hikukakeka) for the purpose of sale. With 
the party went a young woman whose name was Tomaimngi 
(Dew of Heaven), the wife of Te Potonga Kaiawha. This girl 
was a perfect stranger in the district : she did not know where 
the sacred (tapu) places were ; she belonging to the Ngaitahu 
(a South Island tnoe), but her father was of us, the Ngarauru, 
The girl wandered away by herself, looking here and there, 
searching for trees on which the fungus grew. She saw a iree 
on which there was fungus, and laid her hand on it, but suddenly 
there came the flash of the Axe. Following with her eyes the 
direction of the flash, she saw the Axe close against the foot of a 
Pukatca tree ; a cry of terror broke from her, and she fled 
screaming. At the sime time the thunder roared, the lightning 
flasbedt and blinding hail burst forth in sudden storm, increasing 
her terror almost to madness. Her husband heard her cries as 
she flew along : but an old man, called Te Rang! Whakairione, 
directly he heard her shrieks, understood the reason of the out- 
cry, so he began to chant an incantation, and the fury of the 
storm abated. When the party had assembled together in the 
open land, the old priest asked which of them nad been to 
Tieke ; whereupon the girl asked ‘Where is Tieke?* The 
old man answered that it was beyond the turn at Waione. 
Tomairangi replied, ‘ I have been there, but I did not know it 
was a sacred place ; I saw something that looked like a spirit, 
and' I am full of great fear.' Then all the party went to 
ascertain what it was, and then they found that it was indeed 
the lost sacred Axe, I'c Awhiorangi. After Te Rangt 
Whakairione had chanted another incantation over it, they ail 
took hold of the Axe, and wailed over it. When the crying had 
ceased, they brought the Axe back to the settlement. AM the 
tribe knew that the Axe was somewhere in that vicinity, for our 
ancestor Rangitaupea had passed the secret on to his children in 
the words, ' Te Awhiorangi is at Tieke on the plain close above 
the Cave of the Dead.' Until now that place has been unvisited, 
being entirely sacred till this day, the 10th of December, 1SS7. 
Then gathered all Ngarauru and some of xho Whanganui and 
Ngatiapa tribes, in number 500 persons, and at dawn the next 
day the sacred thing was hung up on a tree that all might sec It, 
The priests, Kapua Tautahi and Werahiko Taipuhi were at the 
bead of the procession as they approached the place t they 
leOTtiog charms and incantations as they moved along with the 
people following. All the people carried green btan^ei hi 


their bai^s as an offerii^ to Te Awhiorangi. When the pan- 
course drew nOar tha place, stteuisiv^t /mr 0/ 

JiasAes tkt ofV; then came down a ddo^e fity, 

making it dark as nkht The Tohunga (priests) stopped the 
thunder and dispersed the darkness by their Incantations. When 
the light again appeared, the people ottered the green branches, 
together with a number of Maori mats, &c. ; then they made 
lamentations, and sang the old songs in which the ancient Axe 
was spoken of by their forefathers. 

Thus Alt the native account. Then follows an enumeration 
of the articles oflered up as propitiation ; then a description of 
the axe, which appears to be a huge and beautiful specimen of 
the stone weapon, 10 highly polished that the fkce of the be- 
holder may be seen reflected in it. Afterwards, the pedigree, or 
rather the mythological history, of the axe, showing how (name 
by name) it had been handed down from the first Maori ehief 
who came to New Zealand (Turi), and that it had descended to 
him, through the great god Tane, from the primaeval pair, 
Jieaven and Earth (Hanm and Papa). But our chief interest 
'In it is the thunder heralding its finding. 

Edward Trxosar. 

Wellington, N.Z., June 11. 


The Dispersion of Seeds and Plants. 

I HAVE read with much interest Mr. Morris’s communication 
on the above subject (Nature, voI. xxxvii. p. 466), and can 
corroborate most of what he states from personal observation. 

I can also remove his doubt respecting the germination of the 
seeds of the Guava and Fassiflora^ to which may also be added 
the Tomato. 

I have adopted the ** earth system " in my w.c., and from the 
place where the earth is deposited may always be gathered fine 
young plants of the three genera named above. 

Thousands of acres of pasturage have been destroyed in this 
island by the distribution by birds of the Lantana^ which was 
unfortunately introduced here by the first Roman Catholic 
missionaries, to form a hedge for their property at St. Louis or 
Conception, The “ Gendarme plant *’ (an AscUfnad) was brought 
here in a pillow hy a ^ndarme from Tahiti, It was a seed at: 
tached to a wing of silk cotton. The gendarm shook out his 
pillow ; the wind carried the seed to a suitable spot, and now it 
vies with the Lantana in destroying our pastures. 

I have shot the Great Fruit Paeons of Fiji and this island 
with several seeds of the Canariumi?) in their crops, as Mr. 
Morris says, as big as hen’s eggs. The seeds of water-plants 
are conveyed, with the egm or fresh-water Mollusca, to vast 
distances, adhering to th^airs and feathers of the legs of 
water birds— ducks, herons, and waders of all sorts. In London 
the basins of the fountains in Trafalgar Square were peopied 
by Lymnea brooghl thither from the Serpentine, attached to the 
feathers of the sparrows who bathed, first in one, and then In the 
other. 

Another plant which occurs to me as being laxgely indebted 
to man for its distribution, is that, known as we “ Cape Goose- 
berry," which is a native of Soiitib America (I foigei iu botanical 
name). The Kaffirs call It the “"White man’s plant," and tay it 
follows the white man everywhere. 1 know it is found in 
Ceylon, Africa, Fiji, New Caledonia, New Hebrides. 1 
really believe boiling it into jam does not destroy the vitality 
of the seeds. We have just got a plant here, bearing a lovely 
flower, but whence it comes no one knows. It has bard wooden 
seed capsules, each furnished with two hooks as hard as stCel 
and as sharp as needles, this sue and shape. These, hooking 



into th^ bide of any animal, would be carried for days until 
forelbly dislodged. .. , , 

The “Bathi^ret burr" [Xantkium was. 

into tlw Cairn in a cargo of wool wrec|ted at Cape 
and ^pi^ out to dry> n»t there, (hen at Siinon^ Tousil at 
b€^ of whieh places, the “bunr'^ l^praiut up* r.beue^e ^liAd 
X destroyed vb» first and last plant oTit that ^raci| # In 
Kaw Zealand fon^ twenty-five years if 0, thp ee^ had wh 
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1)C0Vkght in the living fleece af n fine merino ram. The owner of 
tlte|>aeUtre was cherishing the wonderful new plant/* and was 
not n little borrifted when I took oat my knife and carefully cut 
Hdown. He was more horrified when I told him what it was. 

Ilie seeds of home of the Indian banians, 1 believe, require 
to pm through the bodies of birds to enable them to germinate* 
A mtsmte bird {ZHctum) feeds on them, and is so small that its 
dropping cannot fall clear of the branch on which it sits, conse* 
quently It U glued to the t>ark and takes root. Sometimes this 
takes place on a palm tree ; ihe roots then run down the trunk, 
and finally smother their host. 

Britirii Consulate, Noumea, May 15. £. L. Lavard. 


Indian Life Statiatica. 

Although Mr. Hill (in Nature of July 12, p. 250) refers 
to the ffoii festival as among possible influences in causing 
variations of birth*, he does not say whether he considers lucky 
and unlucky months and years, which so laigely affect marriages 
in India, as incidents which may have an effect. 

Hvdk Clark?. 


TIMBER, AND SOME OF ITS DISEASES} 
X. 

I N the months of April and May, the younger needle- 
like leaves of the Scotch pine are occasionally seen 
to have assumed a yellow tinge, and on closer examination 
this change in colour, from green to yellow, is seen to 
be due to the development of what look like smalt orange* 
coloured vesicles standing off from the surface of the 
epidermis, and which have in fact burst through from the 
interior of the leaf (Fig 31). Between these larger orange- 


thftt this fungus in the leaf has long been ktiown under the 
name of Periaermiupi Pint (van acicoia, *>, the variety 
which lives upon the needle-like leaves). 

On the younger branches of the Scotch pine, the 
Weymouth pine, the Austrian pine, and some others, there 
may also be seen in May and June similar but larger 
bladder- like orange vesicles {jEciaia) bursting through the 
cortex (Fig. 31 ) ; and here, again, careful examination shows 
the darker smaller Spermogonia in patches between the 
Aictdia, These also arise from a fungus-mycelium in the 



Fii;. 39.— Blister* i/fCciditt ) of Ptrifitrmium Pini (var. cprticola) ana bnndi 
of the Scotch pine t 4 oine of the .Bcidia have already burst at the apex 
and Hcatterod their ipores, h, the others are still intact. (Natural 
site, after Hess ) 



W. ai.— To the left U a pair of Uavee of tho Scotch pine, with the bllMer- 
bka a. of Ptfidtrm^um Pmi (var. ticic^la) projecting from 

thftr tUfrues : these bUMen are orange-yellow in colour, aod conuin 
■pohis, as shnwa in Fig. '33. Between the blister* are the minute 
6 To the rW » a small branch, killed at by 
Pint <var. fiffriiciU), the hiister.lilM yellow ^cidia of 
the fiingus being very cxxnipieuoiM. (Reduced, after Hartig.) 


yollow vesicles the lens shows cwtain smaller brownish or 
black specks. Each of the velilcular swellings is a 
mrm bf fangus-frwedfication known as an ^adtum, and 
^hof theamaller specks it a fungus-^stmetare called a 
and both of these bodies are developed 
a ihytMom In the tissues of the kntf. I employ 
but wil} explain them more In detail 
; ihp point to be attended to for the moment is 

' fWkMM! from p; 9f$, 


tissues of the cortex, whence the fungus was named Pdri^ 
(fermium Pint (var. corticala). It is thus seen that the 
fungus Peridermiunt Pint was regarded as a parasite of 
pines, and that it possessed two varieties, one inhabiting 
the leaves and the other the cortex : the “ varieties ” were 
so considered, because certain trivial di (Terences were 
found in the minute structure of the jEcidia and Spermo- 
gonia. 

If we cut thin vertical sections through a leaf and one 
of the smallest /Ecidia^ and examine the latter with the 
microscope, it will be found to consist of .1 miss of spores 



F»a 33-^V«r»icuI Mciion through a vary young ^tidium xtt Ptridermimm 
Pini (var. axicola), with part of the aubjaoant tkaua of the laaf. A, thfl 
myoelittcn of the paraettic fungua ntuning between the cells of the leaf: 
immediately beneath the eploermb of iw leaf, the ends of the hyplue 
give rise to the verdcaf iws of epirea (A>, the outertnost of whim (» 
remain barren, and form the ntembrane of the bluter.like body. Ttw 
™ptnrad > by the pressute of ttw young 
Mcidtum, (Afrar K. Hart^ ; highly magnifteoT) 


arranwd in vertical rows, each row springing from a 
branch of the mycelium : the outermost of these spores— 
i.tf. those which form a compact layer close beneath the 
epidermis-^remain barren, and serve as a kind of membrane 
covering the rest (Fig. 33,/). It is this membrane which 
protrudes Hke a bUater Irom the tissues. The hyphae of 
the fungud are seen running in all directions between the 
cells Of the krf-tissue, aitd as they rise up and form the 
vertied ehains of spores, the pressure gradually forces up 
the epideirmia Ofitee teaf, burets it, and me mass of orang^ 
yellow pokndery spores pibliiate so the exterior enveloped 
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in the aferesftlrd membnine of contiguous barren spoves. 
If we examine Mtr jEa'dioj it will be found that this 
membrane bursts also at and the spores escape. 

Similar sections across a Spermagantuf)^ exhibit a 
structure which difkrs slightly from the above. Here 
also the hyp^R in the leaf turn upwards, and send 
delicate branches in a converging crowd beneath the 
epidermis ; the latter gives way beneath the pressure, and 
the free tips of the hyphat constrict off very minute spore- 
like bodies. These minute bodies are termed Spertmtia^ 
and I shall say no more about them after remarking that 
they are quite barren, and that similar sterile bodies are 
known to occur in very many of the fungi belonging to 
this and other groups. 

Sections through the jEddia and Spermof^onia on the 
cortex present structures so similar, except in minute 
details which could only be explained by lengthy descrip- 
tions and many illustrations, that 1 shall not dw’cll upon 
them ; simply reminding the reader that the resemblances 
are so striking that systematic mycologists have long 
referred them to a mere variety of the same fungus. i 

Now as to the kind and amount of damage caused by 
the ravages of these two forms of fungus. i 

In the leaves, the mycelium is found running bet w’een the ! 
cells (Fig. 33, A), and absorbing or destroying their contents : 
since the leaves do not fall the first season, and the myce- 
lium remains living in their tissues well into the second year, 
it is generally accepted that it does very little harm. At 
the same time, it is evident that, if very many leaves arc 
being thus taxed by the fungus, they cannot be supplying 
the tree with food materials in such quantities as if the 
leaves were intact. However, the fungus is remarkable in 
this respect ^tbat it lives and grows for a year or two in the 
leaves, and does not (as so many of its allies do) kill them 
sdter a weeks. It is also stated that only young pines are 
badly attacked by this form ; it is rare to find Mcidia on 
trees more than twenty years or so old. 

Much more disastrous results can be traced directly to 
the action of the mycelium in the cortex. The hy^ae 
grow and branch between the green cells of the true cortex, 
as well as in the bast-tissues beneath, and even make their 
way into the medullary rays and resin-canals in the wood, 
though not very deep. Short branches of the hyphae 
pierce the cells, and consume their starch and other con- 
tents, causing a large outflow of resin, which soaks into the 
wood or exudes from the bark. It is probable that this 
effusion of turpentine into the tissues of the wood, cam- 
bium, and cortex, has much to do with the drjdng up of 
the parts above the attacked portion of the stem : the 
tissues ihrrivel up and die, the turpentine in the canals 
slowly sinking down into the injured region. The drying 
up would of course occur if the conducting portions are 
steeped in turpentine, preventing the conduction of water 
from below. 

The mycelium lives for years in the cortex, and may be 
found killing the young tissues just formed from the cam- 
bium during the early summer ; of course the annual ring 
of wood, &c., is here impoverished. 2f the mycelium 
is confined to one side of tl>e stem, a flat or depressed 
spreading wound arises ; if this extends all round, the 
parts above must die. 

When fairly thick steins or branches have the myceliuni 
on one side only, the cambium is injured locally, and the 
thickening is of course partial. The annual rings are 
formed as usual on the opposite ride of the stem, where 
the camlrium is still intac^ or they are even thicker than 
usual, because the cambtuai these diverts to itself more 
tium the usual share of foed*>subsUnces : where the 
mycdiuiQ exists, howm^cr, the cambium is destroyed^ and 
no thiokaria^ layer is formed. From this cause arise 
canoerooa malformations which are very commOn in 
pine^wovda <F%. ^). 

Patting emychtng together, it Is not didicult 
the sym^otni:^ the disease. The struggle between the ^ 


mycelium on the oae haod, which tries to extend all round 
in the cortex, and the tree itself, on tlie other, as it tries 
to repair the mlschkf, will end in the triumph of the fungus 
as soon as its ravages extend so far at to cut ofl* the water- 
supply to the parts above : this will occur as soon as the 
myceiimn extends all round the cortex, or even sooner if 
the eflfualon of turpentine hastens the blocking up of the 
channels. This may take many years to accomplish. 

So far, and taking into account the enormous spread 
of this disastrous disease, the obvious remedial measures 
seem to be, to cut down the diseased trees—of course this 
should be done in the winter, or at least before the spores 
come— and use the timber as best may be ; but we must 
first see whether such a suggestion needs modifying, after 
learning more about the fungus and its habits. It appears 
clear, at any rate, however, that every diseased tree 
removed means a source of Aicidiospores the less. 

Probably everyone knows the common groundsel, which 
abounds all over Britain and the Continent, and no doubt 
many of my readers are acquainted with other species of 
the same genus {Scmcio) to which the groundsel belongs^ 
and especially witli the ragwort {Scnecio Jacobcea). It 
has long been known that the leaves of these plants, and 
of several allied species, are attacked by a lungus, the 
mycelium of which spreads in the leaf-passages, and gives 
rise to powdery masses of orange ‘yellow spores, arranged 
in vertical rows beneath the stomata^ tliese powdery 



Fig. 34.— Section across an old p-ne-steni in the cancemiis region injured b)^ 
retidtrmihtti /^W(viur, c^rtk^ld). As shown hy the dgtms, ihe stem 
WAS hfieen ycani old when the ravages of the fungus began to pfTect the 
cambium near a. The mycelium, spreading in the cortex and cambium 
on ail sides, gradually restr.'cted the action of the latter more a .d more t 
Ht thinv years old, the still sound oambium only extended hnirwsy 
round the stem— no wood being developed on the opposite aide. By 
the tlnte the tree was eighty years old, Only the small area of cambium 
indicated by the thin hue marked Bo was still aNve ; and soon after- 
wards the stem was completely " ringed/* and dead, all the tissues bsinfif 
suffused with resin. (After Hortig ) 

masses of spores burst forth through the epidermis, but 
are not cloth^ by any covering, such as the /£ddia of 
Peridermium Pini, for instance. These groups of yellow 
spores burst forth in irregular powdery patches, scattered 
over the under sides of the leaves in July and August ; 
towards the end of the summer a slightly different form ot 
spore, but similarly arranged^ springs from the same 
mycelium on the same patches. From the differences in 
their form, time of appearance, and (as we shall see) 
functions, these two kinds of spores have received dif- 
ferent names. Those first produced have numerous 
papillae on them, and were catied Uredospores^ from their 
analogies with the uredospore of the rust of wheat ; 
the second kind of spore is smooth, and is called the 
also from analogies wfth the spores produced 
tiR late iommer by the wlrcat-itist The fungus which 
produces these uredospores and teteutospores was 
named, and has been long distinguished as, C&iei^sporium 
Sf?ud&nis <Pera). Wf are not immediately iitteresced in 
the dam^e done by this paraaice to the weeds which. lt 
infests, and at. any rate we might well be tefnpted 10 
rejoke in its destructive act^m on these gardeh pests ; it 
is siifficknt to point out that the influaiee of die myohUofCh 
is loehortiefi the li ves.df the knves^ aad ito rob thepkiridf 
food material in the stay reknied to ipenerally in my wt 
article. ' 

What we are hem more dimet^ interested in Is m 
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A fttw y«ars Wolff showed that if the spores 
ftioitv the of IMdirm^$m Pint (var. aciaiia) are 

sown 00 the leaf of S 4 ned&^ the germinal hyphae which 
grow out from the spores enier the sfemata of the Senecia 
Uaf^ 4tnd there develop inie the funms called Colcosporium 
S^cienis, In other words, the fungus growing in the 
cortex of the pine, and that parasitic on the leaves of the 
groundsel and its allies, are one and the same : it spends 
part of its life on the tree and the other part on the herb. 

If I left the matter stated only in this bald manner, it is 
probable that few of my readers would believe the wonder. 
But, as a matter of fact, this phenomenon, on the one hand, 
is by no means a solitary instance, for we know many of 
these fungi which require tvio host-plants in order to 
complete Uieir life-history ; and, on the other hand, several 
observers of the highest rank have repeated Wolff's experi- 
ment and found his results correct. Hartig, for instance, 
to whose indefatigable and ingenious researches we owe 
most that is known of the disease caused by the Perider* 
emum^ has confirmed Wolff's results. 

It was to the brilliant researches of the late Prof. 
Pe liary that we owe the drst recognition of this re- 
markable phenomenon of hetermism — i.t\ the inhabiting 



Fw, 35- — A tpore of Ptridermium Pint germinatinfr. Ii the 

Icng^ branclhed germinal^ h^chie on the damp «urfiio« of a leaf of 
Bodopa of the branches entars a stoma, and forms a rayceUtttn 
in the leaf ; after some time, the mycelium gives rise t» the uredospores 
end tdleutocporM of CoUos^rinm Senecionh, (After Tiilastie ; highly 
' magfufiadO 

more than one host^of the fungi. Dc Bary proved that 
the old idea of the farmer, that the rust is very apt to 
appear on wheat growing in the neighbourhood of 
berberry^busbes, was no fable ; but, on the contrary, that 
the yellow Mcidium on the berberry is a phase in the 
life-history of the fungus causing the wheat- rust. Many 
other cases are now Imown, the JPeidium abietimim^ 
on the spruce firs in the Alps, passes the other part of its 
lift on the Rhododendrons of the saiae region. Another 
weH-known example is that of the fungus (iymno- 
epera>^H»tt whioh injures the wood of junipers : Oersted 
first proved that the other part of its hfe is spent on the 
leaves of certsdn Rosaceee, and his discovery has been 
^f^ediy confirmed. I have myself observed the follow^ 
iag confimation, of this. The stems of the Junipers so 
CQtntxmn in the neighbourhood of SUverdale (near More' 
Bay) used to be distorted with Gymnesparmgium^ 
coyew, with, the tekutetp^s of this fungus every 
; In. }ju|y aU the hedges in the neighbour- 

no^: had their leaves covered with the jCoidiumform 
and it was quite easy to show 
hawthorn leaves was produced by 


sowing tbe^ Gjfmmnparangimm spores on them. Many 
other well^estMtiih^ . cases of similar heteroeclsm could 
be quoted. 

But we roust return to the Peridermium Pim^ It wili 
be remembered that I expressed myself somewhat 
cautiously regarding the Peridermium on the leaves (var. 
acicola), It appears that there is need for farther inves- 
tigations into the hferhiatory of this form, for it has been 
thought more tkan probable that it is not a mere variety 
of the other, but a totally different species. 

Only so lately as 1883, however, Wolff succeeded in 
infecting the leaves of Senedo with the spores of Perider^ 
mium T^ni (acicela}^ and developing tte Coleosporium^ 
thus showing that both the varieties belong to the same 
fungus. 

It will be seen from the foregoing that in the study of 
the biological relationships between any one plant which 
we happen to value because it produces timber, and any 
other which grows in the neighbourhood there may be 
(and there usually is) a series of problems fraught with 
interest so deep scientifically, and $0 important economic- 
ally, that one would suppose no efforts would be spared to 
investigate them : no doubt it will be seen as time 
progresses that what occasionally looks like apathy with 
regard to these matters is in reality only apparent 
indifference due to want of information. 

Returning once more to the particular case in question, 
it is obvious that our new knowledge points to the 
desirability of keeping the seed-beds and nurseries 
especially clean from groundsel and weeds of that 
description : on the one hand, such weeds are noxious in 
themselves, and on the other they harbour the Coleosporium 
form of the fungus Peridertnium under the best conditions 
for infection. It may be added that it is known that the 
fungus can go on being reproduced by the uredoepores on 
the groundsel-plants which live through the winter. 

H. Marshall Ward, 

( 75 ? be continued.) 


EARTHQUAKES AND HOIV TO MEASURE 
THEM} 

p)ROF. EWING explained that rha^study of earthquakes 
^ had two aspects, one geological and the other 
mechanical, and it was of the Tatter alone that his lecture 
was to treat. The mechanical student of eart^uakes 
concerned himself with the character of the motion that 
was experienced at any point on the earth’s crust, and 
with the means by which an earthquake spread from point 
to point by elastic vibration of rock and soil The first 
problem in seismometry was to determine exactly how the 
ground moved during an earthquake, to find the amount 
and direction of every displacement, and the velocity axsd 
rate of acceleration at every instant while the shaking 
went on. He was to deal with the solution of that problem, 
and to describe some of the results which had been 
obtained in the^ measurement of earthquakes in Japan, 
whero earthquakes happened with a frequency sufficient 
to satisfy the most enthusiastic seismologist. Moat early 
attempts to reduce the observing of earthquakes to an 
exact science had failed because they were based on a 
false notion of what earthquake motion was. It had been 
supposed that aa earthquake consisted of a single or at 
least a prominent jerk, or a few jerk^easily distinguishable 
from any minor oscillations that mi^t occur at the same 
time. The old column seismometer, fbr instance^ recom- 
mended ip the Admiralty Manual of Scientific Inquiry, 
attempted to measure what was called the intensity of 
the shock by means of a number of circular cohimns of 
various diamieters which were set to stand upright like 
ninepins on a level base. It was expected that the shock 

* AUtfMt sf A .{.epuire dd'.vered At RostaI Institution on Fridny 
evanipi, June t, by Pfot J, A. tfiwina, F.K..S. 







wli«n the ^in wai dose to the seismograph, and con- 
tinOOci vbibte until the train had passed off the bridge at 
thooterend. 


DOES PRECIPITATION INFLUENCE THE 
MOVEMENT OF CYCLONES f 

I N Prof, Elias Loomis's first Contribution to Meteoro- 
logy/' in the American Journal of Arts and Science y 
he examined the distribution of rain around 152 storms 
(cyclones) in the United States, in order to determine 
whether there exists any relation between the velocity of 
a storm's progress and the extent of the accompanying 
rain area. He found that “ the average extent of the 
rain area on the east side of the storm's centre is 500 
miles ; and when the rain area extends more than 500 
miles, the storm advances with a velocity greater than the 
mean ; but when the extent of the rain area is less than 
500 miles, the storm advances with a velocity less than the 
mean." In his twelfth “ Contribution " he examined 39 
storms which moved with exceptional velocity (1000 miles 
or more per day) and found that “ the rain area generally 
extended a great distance in advance of the storm centrtf 
the average distance being 667 miles." Finally, Loomis 
examined 29 cases of those abnormal cyclones in the 
United States which moved toward the west. He says: 

In jscarly every case we find a fall of rain or snow in 
the region toward which the low centre advanced, and in 
most of the cases the rainfall was unusually great. . . . 
It may be inferred from these comparisons that the fall 
of rain or snow is one of the most important causes which 
determine the abnormal movements of areas of low 
pressure" (ninth memoir, p. 44). Ley and Abercromby 
state that in Great Britain the relation of the weather to 
the cyclone centre is the same whatever the path of the 
cyclone ; thus when storms advance toward tne west the 
greatest cloud development and rainfall is to the west of 
the cyclone centre. In the Proceedings of the Royal 
Meteorological Society, vol. xliii., Abercromby gives a table 
showing the relation between the intensity of trough 
phenomena" and the velocity of cyclones. This table 
indicates very clearly that the greater the velocity of the 
cyclone the more marked the trough phenomena." 
Hence, according to Abercromby's definition of “ trough 
phenomena " the heaviest rain and cloud areas are massed 
toward the front of rapidly advancing cyclones, while 
immediately after the passage of the line of minimum 
pressure the sky begins to show signs of clearing. This 
IS especially well marked in cyclones passing off the north* 
east coast of the United States. When the cyclones are 
moving with unusual rapidity, not only all the rain, but 
almost all of the cloud area is confined to the front half 
of the cyclone. 

Loomis suggested that the excess of rain in front of 
rapidly advancing cyclones was one of the causes of the 
rapid advance ; but when investigating heavy rainfalls in 
the United States he concludes that “ the forces which im- 
part that movement to the air which is requisite to an 
abundant precipitation of vapour, instead of deriving in* 
creased strength from the great volume of rain, rapidly 
expend themselves and become exhausted;" and after 
oxasnioing certain cyclones which were accompanied by 
no rain he adds t ** So that it seems safe to conclude that 
rainfall is not essential to the fbrmation of areas of low 
batometw, and is not the principal cause of their forma- 
tion Or pf their progressive ipovement" Hann arrives at 
similar cooclusions from investigations in Europe. After 
inyesti^ing an especially heavy rainfall which occurred ; 
in AnWia and vicinity m August 1S80, he concludes 
The appearance of a barometric minimum in 
Huiitaiy Ooeariooed abnomud aitd exmded precipitation 
od m end north-west, ri of diis barometric 
tl^iwaotioD 


of the centre of the depression is scarcely perceptible. . . . 
We find, therefore, through the investigation of the relative 
lowest barometer reading in its behaviour to. rainfall, that, 
our former condusions are confirmed" (Ixxxii. Burde 
iVies. ii. Ab., November 1880). This investigation does 
not necessarily prove that precipitation does not appre- 
ciably influence the movements of cyclones in general, but 
at least suggests that in the first cases mentioned above 
the unequal distribution of rain around rapidly moving 
cyclones was not the cause, but the result of the cyclone? 
advance. In cyclones which move very slowly, as do 
tropical cyclones, the air ascends almost unifomly around 
the centre ; but when cyclones have a more rapid pro- 
gressive motion, the air in the rear, which has not only to 
enter, but to follow the cydone, is more retarded by 
friction than the air in front, and hence does not enter 
the cydone so freely, so that the formation of cloud and 
rain in the rear is retarded ; while, on the other hand, a 
laiger volume of new air enters the progressing cyclone 
in front, and increases the amount of precipitation. Thus, 
between February 12 and 14, a cyclone passed across the 
American continent with the exceptionally high velocity 
of 58 miles per hour. During its passage the highest 
wind velocity reported on any of the United States 
Signal Service morning weather maps was 40 miles per 
hour, occurring immediately in the rear of the cyclone at 
, Father Point, Can., on the morning of the 14th. At none 
of the other 130 stations did the maps show a wind velocity 
exceeding 30 miles per hour during the passage of the 
cyclone. This is an example of many similar cases which 
show that in rapidly moving cyclones the air in the rear 
near the earth's surface does not move as rapidly as the 
cyclone itself. Hence, it seems evident that the air near 
the surface immediately in the rear of these cyclones is 
not air which has followed the cydone near the surface* 
but air which has descended from above. Espy showed 
many years ago that, on account of mechanical heating by 
compression, no descending air can be acconmanied by 
precipitation ; and an explanation is thus afforded why 
there is none, or but little cloud and precipitation in the 
rear of rapidly moving cyclones. On the other hand, in 
order that a cyclone may advance rapidly, there must be 
a rapid decrease in pressure, and consequently a rapid 
removal of the air, in front of the advancing depression. 
Since, according to the normal circulation of a cydone, 
there is an inward movement near the earth's surface ' 
and an upward and outward movement near the top, this 
upward and outward movement is necessarily increased 
in unusually rapid-moving cyclones, and hence also the 
cloudiness and precipitation are increased. 

Hourly observations of cloud movements made during 
the day hours for nearly two years at Blue Hill Observa- 
tory indicate that the velocity of storm movement, and 
especially the variability of the weather, are intimately 
connected with the velocity of movement of the general 
atmosphere. 

The writer is hence led to oRSKre that the main cause 
of rapid cyclone progression is an unusually rapid drifting 
of the atmosphere over large regions ; and the unequa! 
distribution of rain around the cyclone is due to the 
rapid progress of the cyclone. 

H. Helm Clayton. 

Blue Hill Observatory, Boston, June x8. 


NOTES. 

Mr. John Whitehead returned to Labuan in safety from 
his second expedition to ICinm Balu, and is daily expected in 
England. He ascended the mountain to its summit, and at- 
tained to an altitude of 1 3. 500 feet . H is collection will contain 
many novrities, the amall portion sent by him in advance to 
Mr. Boerdkr Sharpe exhibitit^ many curious features. The 
new be described by Mr. Sharpe in the forthcoming 
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Dumber ci the aDii four genera end twebe species appear 
to be quite nevr to science; Mr. Whitehead spent ohogetber 
^ht moDthe on the moantaln of Kina Ba)u, and is at present 
hnoSrn to have dir covered thirty-one new species of birds. On 
his last expedhioo he met with fifteen different kinds of rodents, 
and his collectidhs of reptiles and insects are also very large. 

Mr. Alfred Everett, the well-known explorer of Borneo 
and the FhiUppine Islands, has had to return to England to 
recruit his health, sorely r>hattered by his nineteen years’ 
residence in .the tropics. He has brought with him a collection 
of birds and animats, smongst which ore apparently many 
interesting species. He also discovered in the Brunei district 
the nest of Afachat hamfhus a/cittus^ the curious Ciepuscnlar 
Honey-Kite of the East, but unfortunately the tree in which it 
was placed proved to be inaccessible. This remarkable genus 
of Haw'ks occurs in the Malay.! n peninsula, Borneo, and again 
in New Guinea. It has an Ethiopian representative, Af, 
^Mtifrssottiy which inhabits Damara Land and M&dagascar. 

The summer meeting of the Institution of Mechanical En- 
gineers will be held in Dublin on Tuesday, 31st inst., and the two 
following days, under the presidency of Mr. Edw'ard H. Carhutt. 
An induential Committee has been formed for the reception of 
the Institution, under the chairmanship of Lord Kosse, E. K.S, 
On Friday, August 3, a visit will be paid to Belfast, on the 
invitation of a local Committee presided over by the Mayor, Sir 
James H. Haslett. 

The half-yearly general meeting of the Scottish Meteoro- 
logical Society was held in the hall of the Royal Scottish Society 
of Arts, Edinburgh, on Monday, July 23, at two p.m. The 
following was the “ business -—(O Report from the Council of 
the Society ; (2) the temperature of the air and surface-water 
of the North Atlantic, by H. N. Dickson ; ($) the climate of 
the Isle of Man, by A. W. Moore ; (4) note on earth currenu 
on Ben Nevis, in connection with anticyclones, by R. T. 
Omond ; (5) St. Elmo’s fire observed at the BCn Nevis Observa- 
tory, by A. Rankin. Photographs of clouds, &c., from Ben 
Nevis were exhibited. 

The Berlin Academy has granted to Dr. R. von Lendenfeld 
the sum of looo marks to aid him in investigating the 
physiological functions, '-chiefly the digestfon, of sponges. 

A Htm&ARiAN deputy, M, Hlavka, has given a sum of 
200,000 florins towards the establishment of a Czech Academy 
of Science at Prague. 

The death of Prof. H. Carvill Lewis, in the full vigour of 
tnanhood and of w ork, will be a painful surprise to many friends 
■on both sides of the Atlantic. He died of typhoid fever at 
Manchester <^n July 2Z, a few days after landing in England, &t 
the beginning of a journey mxlertaken in continuance of his 
inv'estigatioQS into the glacial deposits of Europe. 

The death is ann:>unced of Dr. Ludwig Julius Budge, the 
eminent physiologist and anatomist. He was born at Wetzlar, 
September 6, 1811, and died at Greifrwald on July 14. 

The Geologists* Association have issued the programme of a 
long excursion to the Forest of Dean, Wye Valley, and South 
Wales, from August 6 to li. 

The InterH&iiofuU$^ published at Rome, containa 

a description of the eighth centenary of the University of 
Bologna, and a dignified reply to the criticisms of the 
correspondent of the Times. The correspondent maintained 
that all delegates of foreign Universities, including American 
Colleges, ought to have received honorary degreei, without 




saying what tha^ number and. what the. value of locb dii^ 
tinctions would havo been. The honorary degree was given 
** agli scitntieui saliti in aUusima fama,** and thia would batdly 
apply to all the chosen or self-constituted representatives of the 
world's UniveraiCKS. We quote the folowing words from the 
article in the /ievue InUmationaU for July i — ' * II a paru dans le 
Times quelques correspond an ces tres acerbes^ sans grande portM 
cependant, etant donnd lecaract^re du journal. En Usant le TimeSt 
la pensee du lecteur se reportc souvent instinettvement k ce Sir 
John Davenne, qui, au dire de Ruffini, ^tait un parfait galant 
horn me, un vmi.gentilhomme, raais auqucl il pouvalt arriver— 
un {>eu par I’effet de son caracterc individuel, un peu par VeflTct 
du caract^re national— de ne pas se montrer trop impartial, trop 
juste, ni trop tempere dans scs jugements.” 

Despatches have l>een received from Dr. Nansen announcing 
4 hc safe departure of his ex}>edition for Greenland from the Isa 
Fjord, in Iceland, on tioard the steam whaler 

An astronomical observatory is about to be erected within the 
walls of the Foreign College at Pekin. 

A CORRESPONDENT of an English newspaper published in 
China furnishes the following account of the new foreign College 
being erected at Tientsin by the Viceroy Li Hung Chang ; — “ In 
coming up the Peiho to Tientsin, the first object of importance 
that will now strike the eye of a stranger is the new College 
building which is being erected just outside the mud rampart by 
the Viceroy, for the instruction of Chinese youth in the mysteries 
of the English language and of foreign science. This is a massive 
edifice, two stories high, built around the four sides of a square 
which forms a large interior court not less than one hundred 
feet on either side, around which, on the inner sides of the 
buildings, are spacious verandas. The construction of the 
building, under the careful supervision of a capable foreign 
engineer, is all that could be desired. If the educational results 
are equal to what has been accomplished by brick and mortar, 
the Viceroy will have great occasion to. I’e proud that he has 
been privileged to start such an institution. It was hoped that 
the College would be ready for opening this autumn, but there 
seems little prospset that it can be opened before next spring.** 

It is reported from China that Dr. Dudgeon, of Pekin, has 
published in Chinese a work on anatomy which he has had in 
preparation for some years ; that a companion work on materia 
medica is in the press, with treatises on pbysiolo^ and photo- 
graphy, in the latter of which the dry process is explained. Dr. 
Dudgeon » also preparing bi luigual vocabularies of medical and 
anatoimicfil terms. 

We are glad to learn that the Mikado of Japon has been 
pleased to bestow the Order of the Rising Sun on Prof. John 
Milne, of I he Imperial University of Tokio, the well-known 
iDveitigator of seismic phenomena. 

VoT« IL Part 1 of the Journal of the College of .Science of the 
Japanese Imperial University, contains an important summary 
by Prof. Sekiya of the results of setsmometrie observations in 
Tokio during two years, from September 1885 to Septembhr 1887, 
with special reference to the measurements of vertical motioa. 
The observations recorded by Prof. Sekiya were for the most 
part made with Prof. Ewing’s srismographs, some on the soft 
marshy gt^und of the lower part of the chy, and some oh the 
stiff soil of the upper parts. Particulars arc recorded very fully 
for 119 earthquakes in a table setting forth the greatest hori^ 
zontal and vertiod motion, the period of the motion, th« 
maxiosnm velocity and rate of acceleration, the domtion of the 
disturbance, and the approximate locality of the origin. At .the 
end of the paper the results are collated, and average^ Aie 
dedaced, from wbkb it appenra that the groatett hodepAtri 
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motioD is About six tunes the greatest vertical motion in those 
catihguakcs in «rbieh vertical motion was sensible. These, 
boweverj formed only per cent, of the whole number re- 
corded; The period ot the vertical motion was little more than 
half that of the horizontal. In only iS per cent, of the recorded 
shocks was the extent of motion greater than one millimetre. 
The paper forms the most extensive collection of dam in al)sohite 
seismometry that has yet been published, and is a very valuable 
contribution to seismalogy. 

According to a telegram sent through Ueuter’s agency from 
Yokohama on July t8, a volcanic eruption had occurred at 
Makamats (? Takamatsu). Four hundred persons are reported 
to have been killed and looo injured. 

In our issue of the 6th October last (vol. xxxvi. p. 546) we 
drew attention to the useful work of Mr. Wragge, the Govern- 
ment meteorologist of Queensland, in issuing daily weather 
charts for Australasia. The entire meteorological observing- 
system of that colony is in course of icconstruction, upon the 
lines adopted by the Meteorological Office in London and other 
similar institutions abroad, and Mr. Wragge invites Attention to 
the new series of weather charts now prepared at 9h. a,m. 
daily (except Sundays and holidays), files of which are kept at 
the Meteorological Office and at the office of the agent for 
Queensland, both in Victoria Street. The charts, which are on 
a large scale, contain observations received by wire from seventy- 
two selected observatories dbtributed over the Australian con- 
tinent* Tasmania, and New Zealand, show very clearly the 
general atmospherical conditions, and contain besides collated 
information from about 300 smaller stations. A prominent 
feature in the new meteorological service is the preparation of 
a complete digest of the meleorologicJil conditions of each 
colony, together with forecasts, which are issued nbDut 5h. p.m, 
to the press. These publications have, of course, a special 
value to men of science generally, while to those interested in 
agricultural and shipping pursuits they have a practical bearing 
hitherto unequalled in Australia, 

The Pilot Chart of the North Atlantic Ocean for July show s 
that no severe cyclonic .storms entirely crossed- that ocean in 
June, but two or three depressions were formed in the mid- 
Atlantic, and caused gales off the Irish coast from the 8th to the 
lath .inclusive. Much fog w'as experienced off the American 
coast, north of Hatteras, and in the English Channel, and in the 
early part of the month fog-banks were frequently met with east 
of the 40th meridian. Icebergs and field ice have been 
encosintered, principally off the eastern and southern coasts of 
Newfoundland. A few bergs, however, have been seen as far 
south as the 43rd parallel, in longitude 43'’ west. The chart also 
contains valuable information with reference to the West India 
hurricaoes which are now likely to be encountered. 

In the Berlin Mtteorohgische Zcitschrift for June, Dr. Hann 
gives an interesting account of the winter temperature of Wer- 
cbojansk (Siberia), deduced from several years' observations. 
The town, which lies in the valley of the Jana, about 9 feet above 
the level of the river, in latititde 67® 34' N.,. longitude 133“ 51' 
E., and at a height of about 350 feet above the sea, has the 
greatest winter cold that » known to exist upon the globe. 
Monthly means of 56® F. occur oven in December, a mean 
temperature which has been observed nowhere else in the Polar 
regions ; and minima of - 76* are usual for the three winter months 
(December-Februaxy). In the year 1886 March also had a 
minimum, - 77’, and during that year December and January 
never had a minimum above -* 76*, while in January, 1885, the 
temperature of -89® was recorded. These extreme readings are 
hardly tredible, yet the thermometers have been verified at 
the St. f^etersbutg Observatory. To add to the misery of the 
inhabitants, at some seasons the houses «re inundated by the 
overflow ^ the rifWi The yearly renga of cloud is characteristic 


of the climate ; in the winter season the mean only amounts to 
about three-tenths in each month. 

A NBW base has been discovercti in ten by Dr. Kosset, of 
Berlin. It appears to be an isomer of theobromine, the well- 
known base present in cocoa-beans, possessing the same empirical 
formula, C7H|,N40,, but differing very materially in physical 
and certain chemical properties. The new base, to which has 
been assigned the name theophylline, was discovered during 
the investigation of large quantities of tea- extract, which, after 
treatment with sulphuric acid to remove foreign matters, was 
saturated with ammonia-gas and precipitated with ammoniacal 
silver solution. The silver precipitate was then digested with 
w.arm nitric acid, and, on cooling, the silver salt which separated 
out was filtered off and tlie filtrate rendered slightly alkaline with 
ammonia. On allowing this alkaline liquid to stand until the 
next day, a brownish deposit was noticed, which, on examina- 
tion, proved to be the silver compound of a new base. The solu- 
tion was therefore further concentrated, and a second and much 
larger yield of the silver salt obtained. This was next decom- 
posed by sulphuretted hydrogen, the free ba.se being thus obtained 
in solution. The liquid, after removal of the silver .sulphide by 
filtration, dcpo.sited on standing a small quantity of xanthine, 
CaIl4N404, a derivative of uric acid, whose presence in tea ha$ 
previously been shown. The mother- liquors were afterwarcU 
treated with mercuric nitrate solution, which precipitated the 
theophylline in the form of a mercury compouni, fron which 
the base itself could readily he obtained by treatment with sul- 
phuretted hydrogen as befoie. Analyses of the theophylline 
obtained after purification indicate the formula C7HgN40,, 
which is that of theobroninc. But ths two substances are cer- 
tainly not identical : their crystals are quite distinct, those of 
theophylline containing one molecule of crystal water which is 
expelled at ^I0^ while iheobrojiine crystallizes anhydrous. The 
crystals aKo are totally unlike those of the other known isomer 
of theobromine, paraxan thine, from which theophylline differs 
most materially in its behaviour with soda. Again, the meltings 
points of the thiec isomers ai-e considerably rcmovei] from each 
other, and their different solubilities in water are conclusive 
proofs of their different internal structures. Theophylline form."^ 
a well -crystallized senes of salts with the mineral acids, and with 
platinum, gold, and mercury chlorides ; and, like theobromine, 
yields with silver nitrate a silver substitution-compound,. 
C7H7AgN403, which, as may be concluded from the above 
method of isolation, is readily aolable in nitric acid. Finally, 
to Complete the proof of its isomerism with theobromine, which 
is tlie dimethyl derivative of xanthine, the silver compound was 
found to react with methyl iodide to form tri- methyl xanthine, 
better known ns caffeine or thetne, the remarkable base of the 
coffee and tea plants. 

In a letter lately submitted to the Elliott Society, and printed 
in its Proceedings, Mr. G. W. Alexander, of Charleston, S.C,, 
tells a strange tale of a humming-bird. Mr. Alexander heard in 
his garden what he knew must be a cry of pain ; and going to a 
vine, from which the cry seemed to p:*oceecl, he found a humming- 
bird “struggling violently, but unable to extricate itself.'' He 
took it in his hands, and, to his astonishment, saw that it was in 
the clutches of an insect, which he identified as a mantis, popu- 
larly known in those parts as ** Johnny-cock-horse." “The 
bird," says Mr. Alexander, “wa^ wounded under the wing, 
a(30n one side of the breast, which had evidently been lacer.ited 
with the powerful maiHlibles of its captor. The wound looked 
ugly enough to lead me to fear that it would prove fatal ; never- 
theless tny children and I cared for it as tenderly as we knew 
how, but found it difficult to administer nemrishment to a 
humming-bird. So at night I placed it among the leaves of the 
vine— for it was a warm night — and in the morning the little 
sufferer lay deadam the ground beneath.” 
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A SEAtBS of volumes to be entitled the ** Fauna of British 
India/* containing descriptions of the animals found in British 
India and its dependencies, including Ceylon and Burma, is 
abont to be issued, under authority from the Government. Fdr 
the present the work will be restricted to vertebrate animals. 
The editorship Ms been intrusted by the Secretary of State for 
India in Council to Mr. W. T. Blanford, formerly of the Geo- 
logical Survey of India, and the printing and publication to 
Messrs. Taylor and Francis. The descriptions of vertebrates 
will occupy seven volumes, of which one will be devoted to 
mammals, three to birds, one to reptiles and Batrachians, and 
two to Bshes. The mammals will be described by Mr. Blan- 
ford, the reptiles and Batrachians by Mr. C. A. Boulenger, of 
the British Museum, and the fishes by Mr. F. Day, Deputy 
Surgeon 'General. The arrangements for the volumes on birds 
ore nearly complete, and there is every probability of their being 
undertaken by a competent Indian ornithologist very soon. 
A half-volume of mammals will be issued immediately. It is 
expected that one or two volumes will he published each year. 
The work will be illustrated by cuts. 

Messrs. Sampson Low will publish shortly the Life and 
Correspondence of Abraham Sharp,” the Yorkshire mathe- 
matician and astronomer, with memorials of his family, by 
William Cudworth. The work will be illustrated with numerous 
drawings specially prepared for it. Abraham Sharp, a member 
of an ancient family at Horton, near Bradford, was assistant 
in P6S9 to Flamsteed, the first Astronomer* Royal, and designed 
and fixed the mural arc and other astronomical instniments 
with which the Astronomer-Royal made his observations at 
Greenwich Observatory. He also computed the places of 
many of the fixeil stars in Flamsteed’s famous ** Catalogue,” and 
was the principal means of completing and publishing the second 
and third volumes of the ** Historia Celcstis,** published after 
Flamsteed’s death. For many years after Abraham Sharp left 
the Observatory, a correspondence^ was kept up between him 
and Flamsteed, which gives much insight into many of the 
scientific events of the period, and especially refers to the 
difficulties experienced by Flamsteed in the publication of his 
great work, and to the doings of his contemporaries, Sir Isaac 
Newton, Dr. Halley, Sir Christopher Wren, and others. This 
correspondence will form the basis of Mr. Cud worth’s work. 

The third numl)cr of voi. vi. of the Proceedings of the Bath 
Natural History and Antiquarian Field Club has been issued. 
Among the contents are the following papers ; on some Ostracoda 
from the fullers’ earth Oolite and Bradford day, by Prof. T. 
Rupert Jones, F.R.S., and C. Davies Sherborn ; landslips and 
subsidences, by W. Pumphery ; remarks on some Hemiptera- 
Heteroptera taken in the neighbourhood of Bath, by Lieut. - 
Colonel Blathwayt ; recent “ finds ” in the Victoria gravel pit, 
by the Rev. H. H. Winwood ; note on WebHna irregulatis 
(d’Orb.) from the Oxford clay at Weymouth, by C. Davies 
Sherborn. 

Messrs. William Wesley and Son have issued No, 90 of 
their “Natural History and Scientific Book Circular.” It con- 
tains lists of works relating to astronomy and mathematics. 

The heat in Norway this summer is most intense, the tem- 
perature exceeding any registered this century. At Christiania 
the thermometer has several times registered 30° to 32** C. in 
the shade, and at Nybotg, in the Varanger Fjord, near the White 
Sea, it \VBS 35® C. at the end of June. 

On July 15 a remarkable mirage was seen, about Ji p.m., 
at Hudiksvall, on the Baltic. It represented a ship going down 
in a terribly agitated sea, a boat being on the point of putting 
off from the vessel. The mirage lasted five minutes. 


[y<(^ 46. isas 

A cURiotia ornithological phonomenon is witnetied at Odd^ 
Does, in the south of Norway, this season, the ring throstle 
{Turdus i^rqti^us) nesting there. Geneially, the bird only 
breeds in the extreme north. Prof. Esmaric is of opinion that 
the present unusual occurrence is due to the severity of the 
spring. 

During the spring of the present year some 200 eider-fowl 
were caught in fishermen’s nets on the south coast of Sweden. 

Tkb remains of several prehistoric canoes have been found at 
the bottom of some lakes drained off in uplands in Central 
Sweden. They were made by the hollowing out of trunks of 
trees by fire. One had evidently been sunk on purpose, being 
full of large stones. 

AN unusually large skull of the Khinoceros tickorrhinus was 
Igtely discovered in a well-preserved condition at Rixdorf, near 
Berlin. It has been sent to the Natural History Museum of 
Berlin. 

The additions to the Zoological Society’s Gardens during the 
past week include a Green {Cercopitkecus callitri<hus 9 ) 

from West Africa, presented by Mrs. Holden , a Rhesus 
Monkey {Macacus rhisus rf) from India, presented by Mr, 
Herbert C. Oates ; two Californian Quails {CalHptpla calif or- 
nica d 6 ) from California, presented by Mrs. Fanny Lloyd ; a 
l.esser Kestrel {Tittnunculus cenchris) European, presented by 
Mr. Harold Hanauer, F.Z. S. ; two A^^scuUpian Snakes ( 
asculapii) from Germany, presented by Mr. P. L. Sclater, 
F.R.S. ; .seven Slender-fingered Frogs (Leptodactylus ptnicfdctc' 
tylus) from Dominica, W.I., presented by Dr, H. A. A. 
Nicholls ; two American Black Bears {Ursm anuncanm d 9 ) 
from North America, a Grey Parrot {Fsittacm erithacus^ white 
var.) from West Africa, an /Esculapian SmVt {Coluber asculapii) 
from Germany, a Tabuan Parrakeet {Pprrhulopsis tabumsis) 
from the Fiji Islands, deposited. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 JULY 2()‘- AUGUST 4 . 

/‘POR the reckoning of time the civil day, commenciag at 
Greenwich mean midnight, counting the hours on to 84, 
is here employed. ) 

At Grtenwich on July 29 

Sun rises, 4h. 22m. ; souths, 12H, 6m. ii*is, ; sets, 19b. 51111. : 
right ESC. on meridian, 8h. 36 '5m. ; decl. 18* 36' N. 
Sidereal Time at Sunset. i6h. 23m, 

Moon (at Last Quarter July 30, aoh.J rises, 22h. 31m.*; souths, 
4h. 46m.; lets, iih. 13m.: right asc. on meridian, 
ih. I4’8m. ; decl. 2* 21' N. 


Right au. and daoHaatioo 


Plaast. 

Rise*. 

h. m. 

South*, 
h. m. 

Set*, 
h. m, 

h. 

on 

ueridiao. 

Mercury,. 

a 48 .. 

• to 44 , 

18 40 .. 

. 7 

*37 

... 20 2^ N. 

Venus ... 

4 44 .. 

12 28 .. 

20 12 

. 8 

57*9 

... 18 31 N. 

Mars ... 

« 43 • 

t 7 34 .. 

22 25 .. 

■ 14 

5 ** 

... 13 55 S. 

Jupiter ... 

14 42 ■* 

.19 6 .. 

23 30 .. 

' *5 

37*8 

... 1I39S. 

.Saturn ... 

4 36 .. 

. 12 19 .. 

20 2 .. 

. 8 

491 

... 18 a9 N. 

Uranus... 

10 42 .. 

. i 5 21 .. 

22 0 .. 

. 12 

5**7 

... 4 SaS. 

Neptune.. 

23 44 *-- 

. 7 3 * - 

15 18 .. 

. 4 

0-8 

... 18 57 N. 


* liuUcatct that the ri^lag is that ofthv |iretiad.ng evening. 


Comet SawerthaL 

, , Right Ascension. X^edination. 

July. h. h. ^ to. , , " 

*9 O ... I 6*4 .... 5J dN, 

Aug. 

3 .. o ... I 4-6 ... 53 37 

July, h. 

29 ... 21 ... Mercufy at greatest elongation from the 

Sun 19“ west. 

Aug. 

3 ... I ... Saturn in coc^unetion with the fiu^ 
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O€^uU 4 a% 0 m of Stars by tht Moon (visible at Greenwich). 


July. 

Star. 

Mm- 

CorraiQo^iag 
^ anglMfromvar- 

Dnap. Reap. tex to right for 

laverted inwga. 

h. in. h, m. 0 a 

. 23 44 ... 0 23 t ... 25 297 

ai 

Aag. 

2 .. 

. /Tauri ... 

... 4 - 

• ‘ 35 * 

... 6i .. 

. 2 20 ... 3 6 ... 1!2 205 

2 .. 

. 62 Tauri ... 

. x" Ononis 

... 6 .. 

2 44 near approach 13S — 

4 - 

... 6 .. 

. I 52 ... 2 4 ... 346 319 

4 

, X'* Ononis 

... 5 - 

I 58 ... 2 36 ... 109 19s 

t Occun on th« following morning. 

Variabi* Stars. 

Star. ItA. l>ecl. 



h. n. 

• . h. m. 


U Cephei O 52*4 ... 81 16 N. ... July 30, 20 30 m 

Aug. 4, 20 9 ei 

Algol 3 0*9 ... 40 31 N. ... July 31, 2 24 OT 

Aug. 2, 23 13 m 

U Monocerotis ... 7 25*5 ... 9 33 S. ... *, 1, M 

U Canis Minorts... 7 35*3 ... 8 39 N. ... July 31, m 

U Virainis 12 45*4 ... 6 10 N. ... Aug. 1, M 

R Hydroc 13 23-6 ... 22 42 S. ... „ i, m 

8 Librae 14 55*0 ... 8 4 S 2, 23 53 m 

U Coronee 15 13*6 ... 32 3 N. ... ,, 2, 4 o an 

U Ophiuchi 17 10*9 ... x 20 N. ... July 29, 3 36 m 

and at intervals of 20 8 

W Sagittarij ... 17 57*9 ... 29 35 S. ... Aug. 1,10 m 

Z Sa^ttarii x8 14*8 ... 18 55 S. ... ,, 4. i o Af 

U Sacittarii 18 25*3 ... 19 12 S. ... July 30, o o 

S Vulpeculee ... 19 43‘8 ... 27 1 N. ... Aug. 4, m 

Aquilse 19 46-8 ... o 43 N. ... ,, 2, 3 o Af 

R Sagittse 20 9*0 . . 16 23 N. ... 2, m 

X Cygni 20 39 0 ... 35 ii N. ... „ 4, i o 

T Vulpeculae ... ao 467 ... 27 50 N. ... ,, 2, 2 oM 

3 * 3 o m 

8 Cephei 22 25*0 ... 57 51 N. ... July 30, 2 o M 

M tigniflae maximum : m mimmom. 

Mittor^Skomrs, 

R.A. D«cl. 


Near 8 Andromeda? 

The PersoMs 

Near iS Persei 


31 N. 


::: 8::;”^ 


350 


Swift ; streaks. 
Swift ; streaks. 

42 N. ... Very swift; streaks. 
52 N. ... Very swift. 


GEOGRAPHICAL NOTES. 

Th» of the Vienna Geographical .Society for 

June has a paper by Dr. Hans Meyer on the German East 
African possessions which is likely lo attract some attention at 
the present juncture. No attempt is made to give either the 
area or the population of this ill-defined region, which, how- 
ever, is staled lo comprise the central section of the East African 
coaatlands, terraces, and plateaux for a distance north and south 
of about S50 geographical miles, and 150 cast and west between 
Uie Swaheli coast and the water-parting towards the Congo 
basin. It U conterminous towards the north with the new 
British East African protectorate, from which it is separated by 
a conventional line passing from Lake Victoria Nyanra in an 
oblique direction along the north foot of Mount Kilima-Njaro to 
the coast at about 5” 6. lat. below Mombasa. Southwards the 
frontier is marked by the Rovuma River, and another conven- 
tional line running thence west to Lake Nyossa, while on the 
east side It is made to reach the Indian Ocean, thus apparently 
absorbing the ten mile zone of coastlands reserved to the Sultan 
of ZsnziW by the Anglo-German Convention of October 39, 
r886. It is described as orographically and hydrographical ly 
the most diversified region In the whole of Africa, including 
within its limits the hi^iest summit (Kilima-Njaro) as well as 
the head-waten of streams flowing north to the Nile, west to the 
Congo, and south to the Zambesi basin. Hence it presents a 
great variety of clitnate and vegetation, but nevertheless, except 
m a ^w favoured spots, it is not to be compared in productive- 
ness with the rich tropioil lands of the Eastern Archipelago. Iis 
prospects is a fliture fieM of German colonial enterprise are 
Sfmken of In depressing terms. Both servile and free labour in 
tbinteriov are stated to be alike impracticable, and for the 
present at feast it win be impossible to d^op any greet com- 
m^uial activity except on tb fiertite and more thickly-peopled, 
but ahm mostw ftvet-strickeii coastlands, Hence a foundation 
fbr the fhtttire development of the eokmy is stated to have been 


laid by the recently-accomplished transfer of the administration 
of the seaboard from the Sultan of Zanzibar to the German East 
African Company's agents. But it is added that even here, 
without State aid, it will he difficuU successfully to compete with 
their English rivals, who have been longer in possession of the 
field, and who have at their disposal mure capital abd resources 
of all kinds. 


ELECTRICAL NOTES. 

Kundt {PhiJ. Ma^.f July 1888) has determined experi- 
mentally that there exists a proportionality between the velocity 
of light, electric conductivity, and conduction of heat in metals. 
The velocity of red light is proportionately as follows — 


Silver 

Gold 

Copper (impure) 
Platinum 


xoo 

7 * 
60 
IS ‘3 


Iron 14*9 

Nickel 12*4 

Bismuth (crystallized) 10 3 


The order is the same for heat and electricity. These figures 
were obtained in each instance by determining the index of 
refraction of each metal, which is the ratio of the velocity of 
light in vc^uo Co its velocity in the metal. The actual indices 
obtained were, for red light— 

Silver 0*27 Iron 1*81 

Gold 0*38 Nickel 2*17 

Copper o'45 Bismuth 3 '61 

Platinum 176 

Thus the velocity of light in silver is ten times that in bismuth. 
How is the velocity of light affected by temperature ? and how 
is it changed by a magnetic field ? Kundt proposes to examine 
these points. 

Pkof. Elihu Thomson (U.S.A.) states that he has observed 
as many as six lightning -Bashes very quickly following each 
other along the same path. He kept hi^ head rapidly waging 
during a thunderstotm, and his eyes fixed in one direction. Most 
people have experienced a peculiar throbbing during a Bash of 
lightning ; and a succession of rapid currents, Sometimes forming 
letters, are observed on telegraphs. A lightning discharge may 
therefore have the same oscillatory character as the discharge of 
a Leyden jar. But no trace of such an effect is visible in the 
photographs of lightning- flashes unless it be the mysterious dark 
flashes that have b.cn recorded. 

CxfAPERON AND Mercadxer {CofUptis remius^ evii., June 4,*^ 
1888) have shown that the periodic incidence of rays of light 
upon a ceil of silver sulphide, H2SO4, and bright silver produces 
sounds in a telephone by the corresponding variations of £. M. K. 
They call the effect elect ro-chemical radiophony. The cell 
copper-oxide, sodium chloride, copper abo forms an electro- 
chemical radiophone. 

E. G. Acheson (EUctnral W&rld^ N.Y., July 7, x888) has 
made some very useful measurements on the sparking distance 
in air of alternate currents used in electric light working. He 
finds that it varies with the capacity of the circuit and with the 
cuh of the E.M.F. It is expressed by 

a 

d being the sparking distance in inches, £ and K being in B. A. 
units, and a a constant = 135. Two thousand volts, with 0*0032 
microfarad in circuit, sparked about 0*2 inch, and looo volts about 
0*02 inch. These results ore very different from those obtained by 
Warren De la Rue with his great battery, who found that with 
direct currents X200 volts sparked across o'oia inch and 2400 
volts across 0'02X inch, but the capacity jiresent is not given. 

Another of Mr. H. Tomlinson’s remarkable par^rs appears 
in the Phil. Mag. for July. The chief remark abluty of these 
papers consists in their diflliseness. It is almost impossible to 
extract the new facts, out of them. His terms are peculiar. 
What is ‘*ihe specific heat of electricity’' which changes 
sign at varying temperatures ? The conclusion of this 
long paper app^rs to be that the temperature at which per- 
manent mi^netism begins to suddenly disappear is not the 
temperature at Which permanent torsion begins to suddenly 
disappear. We find the mechanical qualities, viz, hardness, 
elasticity, linear expansion, internal friction, tensile strength, 
molecular structure, torsion, &c., of iron, steel, and nickel inex- 
tricably mixed up with magnetic susceptibility and reteniiveness, 
electric resistance and thermo-electric conditions, specific and 
latent heat, and varying temperatures. 
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THE PROGRESS OF THE HENRY DRAPER 
ifEAfORTAU 

'T'HE ftdditioiial fitcUities prw'ided by Mrs. I>rftper have per- 
^ mitted a oonaidemble extension of this research daring the 
past year. The ii*inch refractor belonging to Dr. Draper, and 
the S-inch phot^raphic telescope provided by the Bacbe Fund, 
^ve been kept m work throughout every clear night. The a8- 
inch and 1 5-inch reflectors constructed by Dr. Draper have been 
moved to Cambridge, and the first of these instruments is placed 
in a building surmounted by a dome constructed for the purpose. 
Experiments are now in process with it, and it will prombly 
soon be employed regularly. Four assistants tal<e part in making 
the photographs, one of whom omes to the Observatory every 
clear night about midnight, and ^keeps the 8-inch and ii-inch 
telescopes in use until interrupted by the morning twilight. 
Five ladies have been employed in the measurements and 
reductions. 

The various investigations now in progress are described in 
detail below. The first three of these, including the photo- 
graphic work of the 8- inch and ii-tnch telescopes, wit) be 
finished in alx>ut a year. It is accordingly pro^xised in the 
autumn of 1889 to send an expedition to the southern hemi- 
sphere, probably to Peru, and there complete the work to the 
South Pole. As only about one quarter part of the sky is too 
far south to be conveniently oMerved at Cambridge, it is 
expected that the photographs needed to cover this portion of 
the sky could 1 >c obtained in two years. Each investigation 
could thus be extended to all parts of the sky upon the same 
system. 

An important advance has been made by the recent improve- 
ments in the manufacture of dry plates. The M. A. Seed 
Company of St. Louis have endeavoured to comply with our 
reqdeet for more sensitive plates, an I have gradumly increased 
their sensitiveness, so that they now furnish us with plates 
measuring 27 on their scale, while a year ago the mo-it sensitive 
plates were only numbered 21. As a result, stars nearly a 
magnitude fainter can be photographed, and the' number of 
objects which can be examined is nearly doubled. A careful 
study wtU shortly be mode, by the help of the instruments 
described below, of the most sensitive plates obtainable. It is 
hoped that makers of very sensitive plates will send specimens 
^ to Cambridge for trial. The demanq for increased sensitiveness 
is so great not only here, but at all other observatories where 
stellar photography is carried on, that a real improvement would 
be widely appreciated. 

Various improvements hove been mode in the methods of 
detecting defects in the photographic processes. Each plate, 
when it is taken from its box, is exposed to a standard light for 
exactly one second. The portion of the fiarfie of an oil lamp 
shining through a small circular av>efture constitutes the standard 
light. The exposure is 'made for a second by means of a 
pendulum, which allows the light to shine on the plate for this 
interval through a small square aperture. When the plate is 
developed, a dark square appears near its edge, whose intensity 
measures the sensitiveness of the plate, and also serves to detect 
any defect in its development. Passing clouds, or a variation in 
the clearness of the sky, are delected by an instrument called 
the Pole-Star recorder. It consists of a telescope with a focal 
length of about 3 foet, placwl parallel to the oarm’s axis. An 
image of the Pole-Star is formed by it, and allowed to fall upon 
a sensitive plate, describing an arc of a circle, which is inter- 
rupted whenever clouds pa-is. The plate is changed every day, 
and the instrument is dosed automatically by an alarm-clock 
every morning before .the twilight begins. Much trouble 4 s 
experienced from the deposition of moi.sture on the objectives of 
the photompblc telescopes, on account of their exposure to a 
large porUan of the sky. The failure of some of the earlier 
plates may be due to this cause. Moisture is now carefully 
looked for, and, if detected, removed by gently heating (he 
objectives. Another te-t of the quality of the plates consists in 
occasionally exposing a plate in the S-inch ^ddscope to the 
circumpolar sky, first with and then without the prism, '^e 
trails of the stars near the Pole and the spectra of the brighter 
stars are thus photographed, A comparison of the intensity of 
these images tests the condition of (be air, the instrument^ aad ; 
the plates. 

' ExSiwetod from Vie *'S«csnd Aihiu« 1 Rspartefthe Photographlo Study I 
of Staler Spectra epodaoted at the Harvard Coben Obeervatorn** Edward 
C. Pickering. Director. With s Plates. (Cambr;dge \ John Witsao and 
Son, University Press, iBSS.) 


The vaidptts invettlgutions will now be ^ifescrihed in ordet, «s 
fn the last |topori* 

I. C<Ki 4 w^i€ iwf Spectra of The spectra of all 

the brighter atavwhave been photographed with the 8 inch tele- 
scope, giving an exposure of at least five minutes to each. Each 
plate contains from two to four regions 10* souare. The plates 
representing the region north of - 25® were divided into three 
series, which may be distinguished as polsf, senirh, and equa- 
I torial. Each region is contained on two plates, and the work 
has been repeat^ in two successive years, so that at least four 
photographs should be obtained of alt the brighter stars. If a 
plate proved poor, it was repeated, so that the very bright stars 
will appear in several plates. The photographic portion of this 
work was finished last November, If no plates had been 
repeated, 36 polar, 72 senilh, and 72 equatorial plates would 
have l>een required each year, or 360 in all, The actual numbers 
of plates taken and measured were 46, I20, and 93, total 259, 
the first year ; and 61, 209, and 104, total 374. the second year ; 
or 633 in all. In the later work the number of zenith plates 
^as doubled, to avoid the confusion arising when severm ex- 
posures were made on a single plate. The numbers of spectra 
measured on these plates were 2381, 3314, and 2618, total 
8313, the first year; and 7199, 8217, and 4074, total 19, 4^^ 
the second year. Two plates covering the immediate vicinity of 
the North Pole contain 150 spectra. The whole numl>er of 
spectra is therefore 27i9S3- The measurement and identification 
of this large number of spectra has occupied the greater portion 
of the time of the corps of computers. Each plate to l>e mea- 
sure<l was placed on a stand, and the light of the aky was 
reflected through it by means of a mirror. The approximate co- 
ordinates of each spectrum in turn were then read off, and a 
careful description of the spectrum was given. Besides the usual 
division into types, each additi mal line visible was recorded 
both as re^rds its position and intensity. The photographic 
intensity of the brightest poriijn of each spectrum was also 
measured by means of a photographic plate, dark at one end and 
light at the other, like a wedge of shadie glass. When the 
spectra show sudden changes in brightness, additional measure- 
ments are made, I'his portion of the work is complete only for 
the polar plates and about 62 of the other plates, including 
12,574 spectra. The identification of the spectra is effected eitb^ 
by computation from its co-ordinates, or by laying the plate upon 
the maps of the “ Durchmusterufig,” the scale being the same 
for both. All the plates have, however, been checked by the 
latter method. The names of the stars are then taken from the 
Harvard Photometry,” **Uranometria Argentina,” or **Durch- 
musterung,” according to their brightness and declination. Their 
places are next brought forward to 1900, the epoch of the final 
catalogue. As the intensity of the photograph, of a given 
spectrum will vary greatly with the sen.sitiveness of the plate, 
the clearness of the air, and the rate of the 'driving-clock, all 
must be reduced to the same system. The scale of the ** Harvard 
Photometry ” is adopted for this purpose. The most prevalent 
spectra are those of the first type, in which the K line is too 
faint to be visible, After appl^ng a correction for the declina- 
tion of the stars, the brightness of all such spectra on each plate 
is compared with the photometric magnitudes. A correction U 
thus derived for each plate, which is applied to all the spectra 
upon it. The effect of colour, so far as it varies with the type 
of spectrum, is thus eliminated. It is possible that, owing to 
variations in temperature, or other causes, some stars may he 
redder or bluer than others having the same type of spectrufu. 

a. Cataloffm of Spectra of Fabtt Stars . — Until the photo- 
graphs required for the research mentioned above wtve com- 
pleted, the time of the S-inch telescope was mainly devoted io 
them. Since then it heabeen nsed principally in photographing 
the fainter stars. An exposure of one hour is given to eatm 
imrtion of the a Tefrion lo* square being included upc^ eoqh 

plate. Stars aa tar south as ~ zy osn be advantageously phote" 
graphed at Cambridge, and the plan proposed.coven this region. 
The plates overlap, so that the region north of - ao® wi(t appear 
on at leASt tvifo plates. The southern stars are only photogra^Ud 
when the sky is unusually clear. Each plate is exatnin^t sod, 
if unsatiafoctoty, the work is . repeated. |f oil were good* 65^ 
plates would be required. Tfois far, 606 plates have bSsn 
coverk^ ^39 of the desired regions. As the Btno of the pottt* 
paters fiaobeen devoM to the firet investigatkin 
tioned above, the greater portion of .these plates haye not 
reeoiared or reduced* The total ftosaher m^osttred is Il0|,ptah|i* 
containing 693s spectre, of which 94 plates and dspjf 
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reduced. The form of reduction end publicxtion will 
be Jailer to the cetstogoe of bright eta»t except th«t it will be 
eohyenibnt to retain the *‘r}tiid)mtuterung'^ nmnhent and 
ptaoee, amoigittg the itars in the order of i^^'zones in that 
oatalogtae^ It ii hoped that the photographs for this investiga- 
tion win be nearly all taken by the autumn of t888, and the 
rettkinder dating the following year. To provide for a ];MsBible 
increaee In sensitiveness of the plates, precedence is given to 
those completely covering the sky once, the alternate plates, 
covering tne sky the second time, being taken later. The 
actual improvement in the plates shows itself by an increase in 
the number of spectra in this second series of plates. In some 
coses over three hundred stellar spectra appear on a single 
plate. 

3. Detailed Studv af the Spectra of the Brighter Stars, — Tliese 
Spectra are obtained by placing four prisms, having an angle of 
about 15", and each nearly a foot square, over the object-glass 
of the li-inch telescope, as described in the last Report. The 
increased sensitiveness of the plates has ^ greatly increased the 
number of stars bright enough to produce a Satisfactory image in 
this way. The white stars of the first type give good images 
when no brighter than the fourth magnitude. These spectra are 
about 4 inches in length. An improvement has been made in 
the method of enlargement with a cylindrical lens descril>ed in 
the last Report. When tiuch a lens was used with an enlarging 
lens having a small aperture, the width of the spectnim was 
greatly reduced ; with a large aperture, the best definition could 
not be attained. A slit perpendicular to the axis of the cylin- 
drical lens is accordingly placed over it. This reduces the aper- 
ture in one direction so that the definition of the lines is good, 
without affecting the width of the spectrum. Slow plates are 
ako used in the enlargements to increase the contrast. Much 
more brilliant spectra are thus obtained. 

4. Faint Stellar Spectra . — As stated above, the 28-inch 
reflector constructed by Dr. Draper is now ready for use. The 
difficulties commonly encountered in the use of a large reflector 
have been met, and it is hoped successfully overcome. A 
specti’oscope has been devised for this instrument which will 
give a dispersion about equal to that employerl in the first and 
fccond of the researches described above. As the area of the 
aperture of this telescope is about eleven times that of the 8-inch 
telescope, it is hoped that much fainter stars can be photo- 
graphed with it. A study will be made of the spectra of the 
variable stars of long period, of the banded stars, and of other 

having pecufiar spectra, 

‘ But little progress has be«n made with the other investiga- 
proposed, including the reduction to wave-lengths, ami 
the Rtody of the approach ond recession of the stars. It seemed 
biMt to concentrate our work on the researches dejfcribed above, 
undertaking the other investigations as soon as time permitted. 

The inv^Mtions described above ere illustrated ny a plate. 
A special study was made of the spectrum of the variable star 
$ Persd. A variation in this spectrum would have an important 
bearing on the theory that the diminution in light is due to an 
interposed dark satcflile. Spectra of this star at minimum were 
first obtained with one prism. With the increased sensitiveness 
of the plates more prbms were tried, until finally good spectra 
were obtained with all four prisms even when the star was at its 
mmlmutn. At firat It was thought that a variation was detected 
in the spectrum, hut this change was not confirmed under more 
favourable circumstances, The spectrum of this star on February 
6, 1 888, when at its full brightness, U contrasted in the plate 
with the spectrum on February 9, 1888, when the star was at 
its minimum, A careful inspection of the original n^alives 
failed to show any dlflerences in the spectra. Twenty lines are 
visible at minimum, all of which are seen at maximum. The 
spectrum of a Orionis is also given. Before the recent increase 
in the sensitiveness of the photographic plates, satisfactory 
photographs couW not be obtained of the spectrum of this star, 
on account of its red colour. 


IMFLUSMCE MACHINES} 

T HAVE the honour this evening of addressing a few remarks 
* to you upon the subject of influence machines ; and the 
mannkr in which I propose to treat the subject is to state as 
shortly ns powible, first, the historical portion, and afterwards 

at the Royal rusHtudon, by Mr. J. Wiioehurst, on 
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to point out the prominent characteristics of the later and the 
more commonlv known machines. 

In 1762^ Wifeke described a simple apparatus which produced 
electrical charges by influence, or induction, and following this 
the great Italian manbf science^ Alexander Volta, in 1775 gave ihe 
electrophorus the form which it retains to the present day. This 
apparatus may be viewed as containing the germ of the principle 
of all influence machines yet constructed. 

Another step in the development was the invention of the 
douhler by Bennet in 1786, He constructed metal plates which 
were thickly varnished, and were supported by insulating handles, 
and which were manipulated so as to increase a simt initial 
charge. It may be better for tne to here exjdain the process of 
huilding up nn increased charge by electrical inflt'.ence, for the 
same principle holds in all of the many forms of influence 
machines. 

This Volta elect rophci-us, and those three blackboards, will 
serve for the purpose, 1 first excite the electrophorus in the 
usual manner, and you see that it then influences a charge m its 
top plate ; the charge in the resinous compound is known as 
negative, while the charge induced in its top plate is known as 
positive. I now show you by this electroscofic, that these 
charges are unlike in character. Both charges are, however, small, 
and Rennet used the following system to increase them. 

Let these three boards represent Bennet*s three plates. To 
plate No. I he imparted a positive ebatge, and with it he induced 
a negative charge in plate No. a. Then with plate No. 2 he 
induced a positive charge in plate No. 3. He tnen placed the 
plates Nos. i and 3 together, by which combination he had two 
positive chaises within practically the same space, and with these 
two charges he induced a double charge in plate No. 2. Thb 
process was continued until the desired degree of increase was 
obtained. I will not go through the process of actually building 
up a charge by such means, for it would take more time than I 
can spare. 

In 1787, Carvallo discovered the very imporiant fact that 
metal plates when insulated always acquire slight charges of 
electricity ; following up those two important discoveries of 
Bennet and CarvaJlo, Nicholson in 1788 constructed an apparatus, 
having two disks of metal insulated and fixed in the same plane. 
Then, by means of a spindle and handle, a third disk, also 
insulated, was made to revolve near to the two fixed disks, 
metallic touches being fired in suitable positions* With this 
apv^aratus he found that small residual charges might readily be 
increased. It is in this sin^ple apparatus that we have the parent 
of influence machines, and as it is now a hundred years since 
Nicholson described this machine in the Phil. Trans., I think it 
well worth showing a lai^e-stred Nicholson machine at work 
to-night. 

In 1823, Ronalds defcribed a machine in which the moving 
disk was attached to and worked bv the pendulufn of a clock. 
It was a modification of Nicholsons doubler, and he used it to 
supply electricity for telegraph working. For some years after 
these machines were invented no important advance appears to 
have been made, and I think this may be attributed to the great 
discoveries in galvanic electricity which were made about the 
commencetneni of this century by Galvani and Volta, follou ed in 
1831 to 1857 by the magnificent discoveries of Faraday in 
electro -magnetism, electro-chemistry, and electro-optics, and no 
real improvement was made in influence machines till i860, in 
which )rar Varley patented a new form of machine. 

In 1865 the subject was taken up with vigour in Germany by 
Toepler, HoJfz, and other eminent men. In 1 866, Bertsch in- 
vented a machine, but not of (he multiplying type ; and in 1867, 
Sir William Thomson invented a form of machine, which, for 
rbe purpose of maintaining a cemstant potential in a Leyden jar, 
is exceedingly useful. 

The Carre machine was invented in 1868, and in 1880 the 
Voss machine was introduced, since which time the latter has 
found a place in many lahocatories* It closely resembles the 
Varley machine in ap^arance, and the Toepler niachine in 
construction. 

In condensing this part of my subject, I have had to omit 
many prominent names and much interesting subject-matter, but 
1 must state that, in placing what I have before you, many of 
my scientific friends have been ready to help and to contribute ; 
and, as an iostsnee of thi«, I may mention that Prof. Sllvanus 
P. Thompson at once (slaced all his literature t nd even his private 
notes of reference at my service. 

1 wflfl now endeavour to point out the more prominent features 
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of the influence machines which 1 have present, and, in doing; 
so, 1 must ask a moment's leave from the subject of my lecture 
to show you a small machine made by that eminent worker, 
Faraday, which, apart from its value as his handiwork, so 
closely brings us face to face with the imperfect apparatus 
with which he and others of his day made their valuable 
reveaKAtes* 

The next macninc which I take is a Holtz. It has one plate 
revolving, the second plate being fixed. The fixed plate, as you 
see, is so much cut away that it is very liable to breakage. 
Paper inductors are fixed upon the back of it, while opposite the 
inductors, and in front of the revolving plate, are combs. To 
work the machine (x) a specially dry atmosphere is required ; (2) 
an ihitial chaige is necessary ; (3) when at work the amount of 
electricity passing through the terminals is great ; (4) the direction 
of the current is apt to reverse ; {5) when the terminals are 
opened beyond the sparking distance the excitement rapidly dies 
away ; (6) it does not part with free electricity from cither of 
the terminals singly. 

It has no metal on the revolving p 1 ate«, nor any metal 
contacts ; the electricity is collected by combs which take the 
place of brushes, and it is the break in the connection of this 
circuit which supplies a current for external use. On this point 
I cannot do better than quote an extract from p. 339 of Sir 
'William Thomson's ** Papers ou Electro-statics and Magnetism,” 
which runs ; — Holtz's now celebrated electric machine, which 
is closely analogous in principle to Varley’s of 1860, is, I believe, 
a descendant of Nicholson's. Its great power depends upon the 
abolition by Holtz of metallic carriers and metallic make-and- 
break contacts. It differs from 'Parley's and mine by leaving the 
inductors to themselves, and using the current in the connecting 
arc.” 

In respect to the second form of Holtz machine I have very 
Ihtld information, for since it was brought to my notice nearly six 
years ago I have not been able to find either one of the machines 
or any person who had seen one. It has two disks revolving in 
opposite directions ; it has no metal sectors and no metal contacts, 
ihe “connecting arc circuit” is used for the terminal circuit. 
Altogether I can very well understand and fully appreciate the 
statement made by Prof. Holtz in Uppenktrn^s Journal of May 
1881, wherein he writes that “ for the purpose of demonstration 
I would rather be without such machines.” 

The first type of Holtz machine has now in many instances 
been made up in multiple form, within suitably constructech^ss 
cases, but when so made up great difficulty has been foum 'in 
keeping each of the many plates to a like excitement. When 
differently excited, the one set of plates furnished positive 
electricity to the comb, while the next set of plates gave 
negative electricity : as a consequence no electricity passed the 
terminals. 

To overcome this objection, to dispense with the dangerously 
cut plates, and also to better neutralize the revolving plate 
throughout its whole diameter, I made a large machine having 
twelve disks z feet 7 inches in diameter, and in it I inserted 
plain rectangular slips of glass between the disks, which might 
readily be removed ; these slips carried the paper inductors. 
To keep all the paper inductors on one side of tne machine to a 
like excitement, I connected them together by a metal wire. 
The machine so made worked splendidly, and your late Presi- 
dent, Mr. Spottiswoode, sent on two occasions to take note of 
my successful modifications. The machine is now ten years old, 
but stilt works splendidly. I will show you a smaHer-sized one 
at work. . 

The next machine on which I make observations, is the Carr^. 
It consists essentially of a disk of glass which is free to revolve 
without ronch or friction. At one end of adicmeier it moves near 
to the excited plate of a frictional machine, while at the opposite 
end of the diemeter is a strip of insulating material, opposite 
which, and tUso opposite the excited amalf^m plate, are combs 
for conductine the induced chaiges, and to which the terminals 
are metallically connected ; the machine works well in ordinary 
atmosphere, and certainly is in many ways to be preferred to the 
simple frictional machine. In my experiments with it I found 
that the quantity of electricity might be more than doubled by 
adding a segment of glass between the amalgam cushions and 
the revolving plate. The current in this type of machine is 

oonstam. 

The Voss machine has one fixed plate and one revolving plate. 
Upon the fixed plate are two inductors, while on the revolving 
plate arc six CtfCular carriers. Two brushes receive ^the 


pordoDs of the mdud^ ehaigcs from the which porikHis 

are convened Inductors. The^combr^fiect the rexnahlitig 

portion m t^vlmieed charge for use as atl^puter circuit, whUe 
the metal rod W||£ifts two brushes neutndises the plate surface 
in a line of h^^iKagoiiat diameter. Whto^ at work it supplies a 
considerable dmoutit of electricity. It is self-exciting in ordinary 
dry atnarbsphere. It freely parts with its electricity from either 
terminal, Irot when so used the current frequently changes its 
direction, hence there is no certainty that a full charge has l)een 
obtained, nor whether the charge is of positive or negative 
electricity. 

1 next come to the type of machine with which I am more 
closely associated, and 1 may preface my remarks adding that 
the invention sprang solely from my experience gamed by con- 
stantly using and experimenting with the many electrical machines 
which 1 possessed. It was from these 1 formed a working 
hypothesis which led me to make the small machine now before 
you. The machine is unaltered. It excited itself when new 
with the first revolution. It so fully satisfied me with its 
performance that I had four others made, the first of which 1 
presented to this Institution. Its construction is of the simplest 
character. The two disks of glass revolve near to each other, 
and in opposite directions. Each disk carries metallic sectors ; 
each disk has its two brushes supported by metal rods, the rods 
to the two plates forming an angle of 90*^ with each other. 
The external circuit is independent of the brushes, and is formed 
by the combs and terminals. 

The machine is self-exciting under all conditions of atmosphere, 
owing probably to each plate being influenced by, and influencing 
in turn its neighbour, hence there is the minimum surface for 
leakage. When excited, the direction of the current never 
changes ; this circumstance is due probably to the circuit of the 
metallic sectors and the make-and- break contacta always being 
closed, while the combs and the external circuit are supple- 
mental, and for external use only. The quantity of electricity 
is very large and the potential high. When suitably arrangeti, 
the length of spark produced is equal to nearly the radius of the 
disk. I have made them from 2 inches to 7 feet in diameter, 
with equally satisfactory results. 

1 have also experimented with the cylindrical form of the 
machine ; the first of these I made in 1882, and it is before you. 
The cylinder gives inferior results to the simple disks, and is 
more complicated to adjust. You notice I neither use nor re-, 
commend vulcanite, and it is perhaps well to caution my hearers 
against the use of that material for the purpose, for it warps with 
age, and when left in the daylight it changes and becomes 

I have now only to speak of these laraer machines. ThejlSj!^" 
in alt respects made up with the same plates, sectors, and bwl^ 
as were used by me in the first experimental machines, but w 
convenience sake they are fitted in numbers within a glass case. 

This machine has eight plates of 2 feet 4 inches diameter ; it 
has been in the possession of the Institution for about three years. 

This large machine, which has been made for this lecture, has 
twelve disks, each 2 feet 6 inches in diameter. The length of 
spark from it is 13^ inches. 

During the construction of the machine every care was taken 
to avoid electrical excitement in any of its parts, and after its 
completion several friends were present to witness the fitting of 
the brushes and the first start. When all was ready the terminals 
were connected to an electroscope, and the handle was moved, 
so slowly that it occupied thirty seconds in moving one half 
revolution, and at that imint violent excitement appeared. 

The machine has now been standing with its handle secured 
for about eight hours ; no excitement is apparent, but still it may 
not be absolutely inert ; of this each one present may judge, 
but 1 will connect it with this electroscope, and then move me 
handle slowly, so that you may see when the excitement com^ 
mences and judge of its absolutely trustworthy behaviour as an 
in^rument for public demonstration. 1 say that 1 have 
never under any condition found this type of machine to fail in 
its performance. 

I now propose to show yon the beautiful appearances of the 
discharge, aim then in order that you may jud^ of the relative 
capabtliiies of each of these three machines, we will work thetp 
all at the same time. 

The large frictional machine which is in use for this oom- 
p&risott so vt ell known to you that a better standsxd could Apt 
be desired. 

In conclusion 1 may be permkied to say tkat St is fortunate t 
had not read the opinion of Sir William Thoteson 


M quoted in earlier part of my tetEPkure, previous 
owa |»ictidal exMte^s. ,,For had 1 ip^ad sucm opinions fram 
such authoridea I^jmouid pi^o 4 i|d>ly have accepted tl»m, without 
putting them to practiea|;tM. As the matter stimdf l have done 
tiiose things which the/eaid I ought not to have done, and I 
have left undone thbse which they said 1 ought to have 
done* and by so doing 1 think you most freely admit that I have 
produced an electric generating machine of great power, and 
nave placed in the hands of the }>hysicist, for the purposes of 
public demonstration* or original research, an instrument more 
trustworthy than anything hitherto produced. 


NOTE ON THE TARPON OR SILVER KING 
(MEGALOPS THRIS 50 IDES). 

'T'HE genus Megulops belongs to the family Clupcidae, and. 
“ amongst other features, is characterised* according to Dr 
GUother*^ by an oblong compressed body, the presence of a 
narrow osseous lamella attached to the mandibular symphysis and 
lying between the halves of the mandible, Further, the latter is 
prominent* the intermaxillary short, the maxillary forming 
the lateral part of the mouth. There are bands of villiform 
teeth on the jaws, vomer, palatines, pterygoid* tongue, and base 
of skull. 

The interest in the species above-mentioned has been con- 
siderably increased of late by the fact that the huge fish (between 
5 and 6 feet in length, and weighing from 90 to 1 ?o pounds) can 
be caught by rod and line, and I am much indebted to Lady 
Playfair for giving me all the information she had obtained on 
the subject through her father and Mr. \V. G. Russell of Boston* 
United States. 

The Xzxp^iMe^ops thrUsoides) frequents the Atlantic 
shores of Norii America, and is especially found “on the 
western or Gulf coast of Southern Florida, haunting the shallow 
bays and creeks inside the bars and keys which stretch along 
that coast ; and the fishes are supposed to enter by the passes 
from the outer Gulf.® 

“ In shape the taqwn somewhat resembles the salmon, but, 
as becomes one of the herring tribe, it is deeper and less rounded, 
and the head is larger, the scales (cycloid) arc thick and large* 
more than an inch in diameter ** (a fine scale sent by Lady Play- 
fair measures ai inches both in an tero- posterior and transverse 
diameter), “ and the exposed portion is of a bright silvery hue* 
indeed it looks as if it had been dipped in silver and burnished i 


about two miles* nad, after more than an hour’s hard fight, ended 
by three hu§e leaps out of the water amongst some mangrove- 
trees. the oysters on the roots of which cut my line* so that we 
parted company after a close and protracted intimacy.’* 

There is little doubt* Irpm the foregoing remarks* that the 
splendid sport of tarpon-fishing must make it most f^cinating. 
In April 1887, indera, a single rod caught nine fish in eleven 
days* two of them weighing resfMCtively 1 5 1 and 149 pounds* and 
in length 6 feet 4 inches, and 6 feet 5 inches. These were taken 
at Punta Rassa on the western coast of Florida, the total weight 
of the catch being 1042 pounds, or an average of about 1 16 pounds 
for each. The tarpon, like others of its tribe, has the advantage 
also of being good food. 1 W. C. McIntosh. 


W. C. McIntosh. 


th e name 'silver king,' I have seen specimens weigh- 
50 *37 pounds, and have heard of none above j 

tarpon has always been upon the Gulf coast, but 
formerly captured, as the sword-fish is, by the harpoon, j 
In 1585 ) however* a Mr. Wood undertook successfully to secure 
the fish by rod a^ reel. , . . About 1 50 have been caught in 
this manner during the seasons 1885 and 1886, the lime being 
in March and April, perhaps a little earlier in a warm season; 
after April it is too hot for fishing. 

“The fish is caught on the edge of the channels in 15 to 25 
feet of water with a bait of (halt a) mullet. The rod should be 
very stifT* not more than o feet in length, such as is used for 
large sea- bass* and the liqe strong, but fine enough to carry 
joo to 250 yards on the reel, which must therefore be large and 
heavy. A snood or gaiwittf bf about 3 feet of cod-line, copper- 
^re, or chain, should be fixed to the hook * as the dental apparatus 
of the fish effidently combines a file and shears, with which even 
a double cod-line may be freyed or worn off, or severed without 
a sensible strain. 

“The tarpon takes the bait lying on the bottom, and moves 
off* swallowii^ it, until he is struck^ and the moment he feels 
hook he w out ^ of the water* perhaps 3 or 6 feet in the air, 
sMking his head fiercely — as does the mack bass — to disengage 
we hook, and then begins such a fight as, I believe, no other game 
fish ever shows. It frequently leaps with a clean breach twenty 
times before the game is over, and so close that it occasionally 
sends a douche over the boatmen ; while in one instance a large 
one mat^a run of :koo yards* the whole of which was a suc- 
eession bf frantic leaps and plunges, leaving a wake like that of 
a steamer. The same fish towed my boat* with three men in it, 

J' ^ m Fish^» pp. 

pf wonol obMrvadoa) by O. 

SivswIliMt M “ M O^ShmtahtMiy knobM ro^ hook." 


SCIENTIFIC SERIALS. 

BuUttim de la S0cM 0 Anthropologit dt Paris ^ tome 
dixi^me, 4e fascicule, 1887. — '^his closing number for the last 
year enumerates the various presentations made to the Society 
since the previous publication of the Bulletins. Among the 
recent communications attention is due to M. Boban's report of 
the interesting collection of North American flint instruments 
presented to tne Society by the Smithsonian Institution. They 
appear to be almost identical with those existing in Europe, 
and (^longing to the Stone Age. — M. Verneau, on present- 
ing various stone instruments from the Canary Isles, drew 
attention to their rude forms, due, he believes, to the relatively 
brittle character of the basalt and obsidian from which they were 
cut. The few specimens of polished stone belonj^ only to 
Gom^re and Canary Proper, and are. therefore, conjectured to 
have been introducra by some of the numerous North African 
invaders who landed on those islands. — M. Andre Sanson's 
paper on experimental craniology in reference specially to domes- 
tic animals* which he considers under two cephalic types only* 
viz. the dolicocephalic and the brachycephalic* is directed against 
the systems of craniometry and anthropometry at present in 
vo{|ue. M. Fauvelle took a leading part in the discussion to 
which the paper gave rise, and gave nis views in regard to the 
value of the cephalic index, which he considered to have been 
greatly overestimated by Broca and his followers. These re- 
marks* and the refutation of Broca by M. Topinard, form, with 
M. &u^n’s paper, a complete exposition of the various views 
maihlained in cifferent provinces of anthropological science in 
France.— Report on the various papers presented by competitors 
for the Godard Prize in 1887, by M. Moudi^re. — On 
aphasia and its history since the original observations of 
Broca, by M. M. Duval. — On the distinctive characteristics 
of the human brain considered from a morphological 
point of view, by M. le Dr. S. Pozzi.— On a case of super- 
numerary digits on the cubital margin of each hand, by Dr. 
Beranger. — On the morphological variability of the muscles 
under the influence of functional variations, by Mme. Cldmence 
Royer. — On the abnormal elongation of the cuboldes* accom- 
pwied by the pressure of a round pronator in a horse, by M, E. 
Cuyer. — On the tumulus of Kerlescan at Carnac, by M. Gaillard. 
The remains of this interesting monument, with its double 
dolmens similar to the covered allies, known as “ Hunebeds " in 
Holland, were first described in i860, since which time they 
have suffered so much from neglect and wanton injury that M. 
Gaillard U making a strong appeal to the Government for their 
protection. — Note on the tumuU of a covered gallery* examined 
m 1887, near Montigny I'Engraln (AUne), by M. Vauville* and 
report of the crania found there, and referred to the Furfooz 
men of the dolmen age, by Dr. Verneau. The preponderating 
character of these crania was their length and straightness. 
Several bore marks of cicatrised wounds. ~On a Quaternary 
equidean, similar to the kertag of Kirghis, described by M. 
Poliakoff under the the name of Equus Prztwalskiu The 
description of the kertag with its short and straight mane, its 
relatively large head and inferior height* corresponds remarkably 
well with the nuomrous representations of the Quaternary 
equidean found in different parts of Western Europe among the 
varied debris Ibat mark the site of primseval settlements. In 
the Magdelian carvinip found in the cavern at Arudy among 
mammoth bones* mwcial prominence is given to the thin, rat- 
like charier of the tail of the animal* a feature that is very 
marked in the kertag* which appears to be the nearest living 
representative of the norte of the Quaternary age. 











de TAcadim^ de jS^^^^^t HtkV.-rOn the new 1. 
elements of the orbit of Eucharisi b)r L. de Ball^ Continuing | 
hU researches on the elements of this planet (i Si), the author 
here establishes two new normal positions by means of the 
observations made in and 1887. He also revises the posi^ 
tions of the comparison stars, and resumes the calcuJatjlDn of the 
perturbatioms CAesed by Jupiter, Saturn, and Mars, utilUing for 
the last named the results of Asaph Hall’s observations on the 
satellites.— Contribution to the study of pulsation in the lower 
animal organisms, by Dr. De Bruyne. The results are given of 
the author’s studies on the pulsating function of an encysted 
Protozoon obtained in abundance by culture, but of not yet 
determined family. From his minute obsdVations on the for- 
matton, development, and action of the vesicle endowed with 
rhythmical motion, he concludes that this organ has no com- 
munication with the periphery, and has nothing to do with the 
digestive function, as is commonly supposed, but is a true organ 
of respiration and circulation, a heart and lung combined. 
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wbwh eapres^the^Tftte at irtiich equivalent masses act upon one 
another t i/c in each experiment is the amount of each unit mavs 
which reacts with the other per unit time, when a nnit mats 
of each substaucc U present. Since) then, equivalent masses 
take part in the efasuwet it is reasonable to suppose that at first 
an anhydride of foTOic acid is produced, which is subsequently 
decomposed into cArbonic oxide and wa^r. 

The change may thus be compared to the production of ethyl 
formate from formic acid and alcohol, with which it shows 
several points of analogy. 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, May 31. — “ The Conditions of the 
tion of Gases from Homogeneous Liquids.’* By V. 

M.A., University College, Oxford. 

In Part’ I. an account is given of the eBfect of finely 
particles on the rate of evolution of gases resulting from chemical 
changes ; in Part II. the phenomenon of initial acceleration, as 
also the effect of variation of pressure on the evolution of gases, 
is discussed ; in Part III. the case of the decomposUion of formic 
acid into carbonic oxide and water is investigated under constant 
conditions, other than those of the mass of reacting substances 
and pf temperature. 

Tari I . — It is found that the addition of finely divided chemi- 
cally inert particles increases the rate of evolution of gases from 
liquids in which they are being formed. The effect of these 
particles on the following chemical changes is investigated ; 
(i.) the decomposition of formic acid yielcung carbonic oxide ; 
(ii.) the decomposUion of ammonium nitrite in aqueous solution 
yielding nitrogen ; (iii.) the reduction of nitric acid into nitric 
oxide by means of ferrous xulphate ; (iv.) the decomposition of 
ammonium niuate in a state of fusion producing nitrous oxide ; 
and (v.) the decompodtion of i>otassinm chlorate in a state of 
fusion producii^ oxygen. The finely divided substances used 
are pumice, silica, graphite, precipitated barium sulphate and 
glass-dust. 

Pari II . — It is observed that, conditions of temperature re- 
maining the same, the rate of evolution of a gas from a liquid 
is at first slow, then gradually increases until it reaches a maxi- 
mum, and fgf some time constant, rate. From this point the rate 
decreases piroportionally to the diminution of mass. This is ob- 
served in the cases of decomposition of formic acid, potassium 
ferrocyanide, and of oxalic acid by concentrated sulphuric acid, 
and in that of ammonium nitrate. It has previously been ob- 
served in the case of the decomposition of ammonium nitrite in 
aqueous solution. The same phenomenon repeats itself when 
the temperature is temporarily lowered and tnen raised to its 
former point, and also to a more marked dwee when, tem- 
perature remaining the same, the superincumbent pressure is 
suddenly increased. 

The reduction of pressure from one to a fraction of an atmo- 
sphere produces no ^rmanent effect on the rate of evolution of a 
g is from a liquid; a decrease of pressure, however, produces 
Umporarify an increase in the rate, and an increase of pressure 
conversely produces temporarily a decrease in the rate. 

Part III . — The case of the decomposition of formic acid into 
carbonic oxide and water by diluted sulphuric acid is studied 
with the aid of an apparatus by means of which the temperature 
is kept constant within one-twentieth of a degree. It is shown 
that the rate of evolution of carbonic oxide is expressible by^the 
following equation — 

log (t -1- r) H- log r - log r, 

to wlikh T is the time from the commencement of the oWrva- 
tions; tn the interval of time from the moment of oomtnenoc- 
ment, and that at which, conditions remaining the same, the 
mierval ofthne required for unit change would have been #f/; 
r is the mass at the *end of each observation, and r is a constant. 



, June 14. — ** The Electric Organ of the Skate. Structure and 
Development of the Electric Organ of Paia ruoSaAt.” By J. C. 
Ewart, M.D., Regius Professor of Natural History, University 
of Edinburgh. Communicated by Prof, J. Burden Sanderson, 
F.R,S. 

The first part of this paper is chiefly devoted to a comparison 
of the electric organs of Paia radiata^ Raia and Kaia «>• 
cularis. It is shown that the organ in the species raikUa difiers 
in many respects from the o^an in the tw j other species, and 
that an exhaustive study of Ha structure and development is 
likely to throw considerable light on the nature of electric oigans 
generally, and also on the structure qf^the motor plates of muscles. 
While Haia batis taay reach a leqgth bf ovc^ cm. , Raia 
radiota seldom measures more than45 to tip, and 

is thus only about half the xixe Of a large 1 (n Raia 

radiata the electric organ h absolutfely Ahd rek^^y eatremeiy 
small. In Raia bolts the electric oi^n may be In length 

and 7 cm. in circumference at the cen^e, and extend from iht 
skin to the vertebral column, but in an adult Rah radiota tl^ 
organ is seldom over 1 3 cm. in length and 8 mm. in circumference^ 
and the posterior two-thirds is confined to a nanow cleft between 
the skin and the great lateral muscles of the tail. Funher, 
organ of Raia raiiala consists of jp^nute shallow cups, which 
only remotely resemble the large ^eU’ formed electric cups of 
Raia circularts. In the latter species the various layers of the 
electric cup are readily comparable to the mote importupt layms 
of the electric disk of Raia batis, but in Raia rstdiitf 
cup is little more than a muscular fibtife, wi^h one ei 
and slightly excavated to support a ^eatly enlarged 
in whi^ terminate numerous nerve- fibres. 

Raia baits and dreuiaris, which consists of cUintbthim. . ^ 

having an extremely complex arra^Dgemipt, 
from Raia radiala, the electric layer is iodiatUihCr SiM iaslead of 
a thick richly nucleated cortex, the cup b mete^ invested by a 
slightly thickened sarcolemma. Eurtber, the tissue forming the 
shallow, thick-walled cup, both In Us appearance and consistency, 
closely resembles an ordinary muscular fibre, while the IcuotgiSlAm 
usually remains dbtinctly striated to its terr^natfoo. 

In the second part Of the paper an account b given of the 
development of the electric cups of Raia radiata. It is shown 
that the rate of development compared with Raia dreuiaris^ 
but more especially with Raia batiSt is extremely slow. The 
young radiota is nearly double the sire of the embryo beforq 
the muscular Ebres reach the **club ” stage, and the tom rneiur^^^' 
uniform clubs, instead of at once developing into rudimentary 
cups as is the case in boHs^ assume the form oHarge Iadiim;alubs. 
When the young skat^ reaches a length of about 35 cm,, the 
long secondary clubs begin to expand anterioHy, and thb ex- 
pansion continues umil a fairly wea-moolded oap moitmted on a 
long delicate stem is produoed. But the process of oonvereiqn . 
is scarcely completed when the skate has reached a leagth sR 40 
cm., ».r. when it has nearly reached its fuU sbe, lor in ^ 
species radime^ a len^h of, 50 cm. is seldom if ever attaitied. , 

The cup-sit^ ha*it^ been eventually t«a«hAd, the nem^ which 


for a time may stUl 
two or mote V ,, 
rim of the cup 
but even in the 
was never any teltii 


ate' in; len^h, ^ pfoen oompmied by 
tog^ei^ andpart of ihe 
"(bjpy ieYerted or ^trcgoctod 
ittWns'Ol examined there 


^ of setro^eaiSve ohaxiges. 

The small aUw of lie «leerric omnr^aogecherijvtth dbjMlWW- 
ness of dhe minutc^ups of which it 

indicate that in Raid nmata we have an cMrlc ot|^ ift/ihe 


organ species 

is orj^> Species 

tfvflB'ip.^l<)iy in an of^sUe direction,' 

and tbtf’Vlcn' that imr ti^v^mada' Miaia ai^ im ^pr^eas of 
being d^faoiwcted into igri^^ stmctures. ai^tb as already 

exickin lfr|l||p^ %^the deveici|S- 

mental record. Were the dwctiicAl organ of A*aia radiceta. a 
mere vestige of a laiget\^|(rnctttlte irhich formerly exited, we 
should exp^ to find the tnbior (eteotric) plate incoti^lete, or 
only occupying a portion of the elewlc cup ; and the nerves pro* 
ceeding to it, cither few hk number or ondcrguing degeiMrativc 
changes* &nt instead of this we have a rewiveTy large bunch 
of extmneiy well -developed nerwes proceeding to the motor 
ptatOf which is not ooly^oofiiplet«« but dctnnda some distance 
over the rhn of thecUip. Funbee, there Unfoitidication of the 
walls of the cup bavwg ever consisted of extremely complex 
lamellie, such as we have hi H^tta HrculaHs. They consist of a 
nearly solid mass of mtkicntar thane, scarcely to be distinguished, 
rom the tmaltered adjacent muscatar fibres. I'he electric cup 
of Rakt taMa$A nwy^ in fact, when iu structure alone is con* 
ftidered, be said to be a muscular fibre which has been enlarged 
at one end to support a greatly overgrown motor plate, nut 
the development of the etectHc cups is even more suggestive 
than their structure. Had the muscular fibres in Haia radiaia 
assumed the form of clubs before the youn^ skate escaped from 
the egg capsule ; had the clubs been rapidly transformed into 
electric cups ; and had the cups soon after reaching completion 
begun to aisappear, the evidence in favour of degeneration would 
have been complete. Uut, as has been indicated, the conversion 
of the mnscular fibres into an electric organ h late in begtnnii^, ! 
and the clubs having appea^nd, pass slowly through a long series 
<'f intennediate Wages .befolw they eventually assume the cup I 
fo-m. FUfth^as bus nlrefluly been mentioned, in the largest ' 
speciUMWS q( examined no evidence was found of 

reirogrOfcdve either in the cuj) proper, or the numerous 

iMtves pMsinW^td ns 'deouic plate. Hence it maybe inferred 
that the electHc otgan if Pain radiata, notwithstanding its 
apparent uselessness and ils extremely small size, is in a state of 
progressive development. 

Edikburgh. 

Royal Society, June iSk^In the report of this meeting 
the title of a paper on the development and life-hi-tories of the 
food and other fixhesi communicated by Prof. \V. C. McIntosh 
aDjd E. Prtace, was inadvertently omiUetl 

tuly ^ — frof. Chrystol, Vice-President, in the chair. — 
Traquair read a pn|>er on fossil fishes from 
i|M]|^raton oll*shale, and exhilnted specimens. — Dr. 
MylyPadte readily paper on the effects of electromotive force and 
CMWhdaaalty 6h the ^tal opposition (due to resistance of the 
conductors, sdiaxcic ielakrombtive force, &c. ) to the passage of 
an electric CiWmfi through a liquid. — Mr, George Hrook de- 
scribed a luciferlike crustacean larva from the West Coast, and 
also communicated, in conjuftetion with Mr, W. E. Hoyle, a 
paper on the metamorpliosis of the llritish £uf>/taHsndtr.-~ Prof. 
Haycraft and Dr. E. W. Carlier read a paper on morphological 
ebangea which take place in blowl during coagulation. — Prof. 
Tait submitted a paper on l.aplace's theory of the iniemal 
pressure in liquids. 

July 9. — A 3 t>ccial meeting was held, Sir Dougljw< Maclagan, 
Vice-President, in- the chair.— Dr. Berry Hhrt read a pajier on 
the meohanntttv of the separation erf the placenta and membranes 
daring labour.-^ Dr. Woodhead communicated a paper, by Dr. 
J. Wi Martin, on the pathology of cystic ovary; and also a 
papeff Mr, T. A. Hcime, on histological observations on the 
muscle, fibre, afwl connective tissue of the uterus during preg- 
nancy and the paerperiUtn.-^Dr. T. G. Nasmyth read a paper 
on the air in coal-inines. 

Paws. 

Academy of Sciancee, July i6. — M. Janssen, President, tn 
the chair. ^Experiments with a new hydraulic nmdiine, by M. 
Aimtole de CaQgny. Tllix apparatus is of less simple stnicture 
lhah valved machitw i«^ith t^iliating tabe already described 
^ud exhihitod hy tb* Invemot*) But it hoe the advantage, under 
eebrtiifely bettor results.— On the 
planet Mare, fey Ferto^. Uteae rettorke are made in con- 
hection with fimr sketches referred to in a pnervious com- 
are hem r^rodoeedr five the 

of a, ^ Jotte w, tm, May 


2 i-aa, r 8$6; and J|l^ 4* x The hvo first show the itow canal 

'a and that otthe i^tih polar ke-cap, the second a.]so giving the 
smaller canal II seen for the first time on June 12. The fourth 
^ows four simple and three double canals, all clearly defined. 
Two of the latter stretch from near the equator along' the 
meridians 330** and 5** of SchiapareUi’s chart to the vicinuy of 
the north polar ice-cap. The difference is very striking', 
especially in the region of Libya, between the first and second 
of this year , ahd the correBpondisg No. 3 for the year 


— On the explanation of an exMriment by Joule acconUng, to the 
kinetic theoiy of gases, by M. Ladislas Natanson. The experi- 
ment in 'question occurs in voL I p. ifi3 of Joule's ** Scientific 
Papere." Frcnn thf^nsidcrations here advanced, M, Naianson 
concludes that, so tgr from bei^ opposed to the kioeiic theory 
of gases, this experiment might be r^arded as a practical 
confirmation of the law determining the distribution of moleoular 
velocities discovered by Clerk Maxwell^ and generalized by 
Boliznuinn. — M. Natauson's paper was aooompaaM by a uote 
from M. G. A. Him, who still maintains that notone of his nine 
fundamental objections to the kinetic theory itself has yet been 
answered, and con&equently that this theory is already out of dale. 
— On the thermic oonductihility of mercury above 100° C., by M. 
Alphonse Berget In continuation of a previous note {Comjdes 
r/ntfus, Apn\ 16, 1^88), the author here gives the results ot his 
Htudies on the variation iu the thermic conductibility of mercury 
betvmp^ioo^ and 300^* C. For 1° he finds the variation in the 
cOa|||lhnt of thermic conductibility to be * 0*00045.— Measure- 
the velocities of etherification by means of electric 
’ Gondu^bilities, by M. Negreano. I'he author has already 
shown that the velocity of eiherificatlon for a mixture with 
equal equivalents of alcohol and acetic acid may be measured by 
determining the electric rel^istance of the liquid by Lippraann’s 
electrometric methml. In the present communication he extends 
the .same j^roccbs to masses of alcoholic reagents or acetic acid 
differing in the number of their equivalents. — Obseivations 
req)ectlng some recent communications from M. Sabatier on the 
chlorhydrate of cupric chloride, and the chlorhydratc of cobalt 
chloride, by M. Engel. While insisting on his admitted claim 
to priority, the author points out that tliere are two distinct 
chlorhydrates of the chloride of copper. He also shows that the 
pale blue powdery precipitate observed by M. Sabatier is not a 
chlorhydrate of chloride, but a hydrate of cobalt chloride —On 
the elementary composition uf crystallized strophan thine, by M. 
Amaud. This is an extract from Stropkanthus Kombi^ much 
used by the Fans of West Equatorial Africa for poisoning their 
spear- ami arrow-heads. The formula is here shown to be 
C3,H480ja, its elementary composition thus showing it to be a 
close homologuo of the wabain (CjM)H480i8), the active 
principle of the wabaio plant used for similar purposes by the 
Somali people,— Influence of the Icmpcrnlure of fermentation on 
the productiou of the higher alcohols, by M. L. Lindet. The 
experiments here desciibed seem to show that the yield of the 
higher alcohols is little affected by varying the temperatures of 
fermentation.-— On Fascicularia radUans^ C. Vig., a* new type 
of Anihozoa, by M. Viguier. This little specimen of an 
Alcyonium was lately obtained during some dredgings In the port 
of Algiers. From the description here given it appears to be 
most closely related to the Paralcyonia, although sufficiently 
distinct to form an independent group or sub- family of the 
Fasciculariie. — M, A. d’Arsonval describes and illustrates a new 
metal self- regulating stove, which is intended to maintain in- 
variable temperatures by the exclusive use of gas and water. It 
is specialty adapted for physiological and microbiological 
researches, and Is constrncted essentially on the same principle 
as that submitted to the Academy on March 5, 1S77. 

Berlin. 

Physkal Society June 39 t— Prof, von HelmhoUx, Presidenti 
in the chuir. — Dr. R. von Helmholtz exhibited a neyr form of 
bolometer differing from that lued by Langley. In Langley's 
instrument the alterations of electrical reaistance produced by 
radiation are measured by introducing the exposed bolometer 
into one ana of a Whealstone bridge a similar one protected 
from the light being tntroduced into the second arm of the bridge, 
while the other two arms contain a corresponding resistance. In 
the new bolometer u conetructed by Siemens and HaUke all 
four arms' of tlie bridge are composed of equal wires rolled up 
into a coil and of riietc coBs x and 3 are ilium Inatod, white 
3 and 4 M kepi darit, and then coils 3 and 4 ore 
Ulumiaatoti, and t lOkd $ kept dank. By this means a four- 
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LORD ARMSTRONG ON TECI^NiCAt 
EDUCATION. 

L ord Armstrong* in his article in the July 
number of the NimUmth Century^ brings l^irward 
ideas which, he tells us, have long been incubatinjjl in bis 
mind, and which he believes to be in accord with those of 
many employers of labour who, like himself, are engaged 
in manufacturing pursuits affording scope for the applica- 
tion of technical knowledge. A more unfortunate exposi- 
tion could not have been addressed to the public at a time 
when so many are earnestly striving to impress upon the 
nation the importance of scientific training to the well- 
being of the people. It is not that we do not cordially 
agree with Lord Armstrong in many of his remarks ; 
what we object to is the indefinite and vague character of 
his judgments generally, and the want of logic which 
characterizes many of his criticisms and recommenda- 
tions ; in every paragraph almost we recognize that we 
are reading the words of a true representative of that 
remarkable genus, the ** practical ” Englishman, who un- 
doubtedly has been the glory of his race in the past, but 
threatens to be its destruction in the near future. But so 
outspoken a refusal to recogpiize the altered conditions of 
the times, by one who occupies the highest position 
among engineers, unfortunately affords clear evidence 
that we are making but little progress towards organiz- 
ing victory ” in that great industrial war of which Huxley 
spoke in his memorable and incisive letter to the Times 
early in 1887, in words of deepest import, which un- 
questionably should serve to guide us pace Lord Arm- 
strong's avowal : ‘‘As to whether our commerce is 
to be saved from the effects of foreign competition 
by a wide diffusion of technical knowledge, I have no 
fkith in any such safeguard.” In contrast with this is 
Hujftey's emphatic warning : - “ I do not think I am far 
wrong in assuming that we are entering, indeed have 
already entered, upon the mosW serious struggle for exist- 
ence to which this country has ever been committed ; and 
the latter years of the century promise to see us embarked 
in an industrial war of far more serious import than the 
military wars of its opening years. On the east, the most 
systematically instructed and best informed people in 
Europe are our competitors ; on the west, an energetic 
offshoot of our own stock, grown bigger than its parent, 
enters upon the struggle possessed of natural resources 
to which we can make no pretension, and with every 
prospect of soon possessing that cheap labour by which 
they may be effectually utilized.” Surely we shall elect to 
follow Huxley's advice offered to us in the sentence, 
“Many circumstances tend tojustify the hope that we may 
hold our own if we arc careful to organize victory,” and 
we shall not be content to rely on a sufficient number of 
self-educated men of genius being spontaneously forth- 
coming to supply tlie nation's needs : indeed there can be 
no doubt that in the course of a generation or two— if we can 
n^itttain our existence unimpaired so lcmg--overy effort 
will be made to develop the faicnlties of each member of 
the combhiUilty as fully as will permit ; but 

unless Sj^ gflevous reverse of should lead the 
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nation suddenly to realize its position, we sadly fear that 
the cause of ^utational progress has too many lukewarm 
adherents, hcMing views similar to those expressed by 
•Lord Armstrong, for it to make much immediate 
progress. 

Lord Armstrong says very truly that, although there is 
at the present time a great outcry for technical education, 
very few people have any distinct idea of what diey mean 
when they use that term, or any definite opinion dther 
as to the class persons who will be chiefly benefited 
by it, or as to the time of life at which it ought to be 
acquired. Speaking of the meeting recently held at the 
Mansion House respecting the scheme for establishing 
Polytechnic Institutes in London, he remarks also that 
the speeches then delivered were rather vague and inde- 
finite as speeches on technical education generally are ; 
and he points out that, by using the more comprehensive 
phrase secondary instead of technical education, Lord 
Salisbury avoided the troublesome but not unnecessary 
task of framing a correct definition. But it may with equal 
truth be said of Lord Armstrong that he, like most writers 
on technical education, is indefinite and vague ; and 
he also makes no attempt to give a definition of 
technical education. In fact, his article is nothing 
more than a discursive essay on the subject of popular 
education generally, excluding moral and religious 
questions. 

The vagueness which characterizes the utterances of 
most speakers and writers on technical education is un- 
doubtedly the outcome of the peculiarly English practice 
which permits men to speak with authority who have no 
claim whatever to be heard on the subject, and which 
leads us to put aside those who really are experts as of no 
account. The work has fallen almost entirely into the 
hands of philanthropists and politicians, and inquiries 
into the subject have been handed over to men whose 
qualifications for the work in too many cases would have 
been regarded in any other country but England as 
lamentably insufficient. At the recent meetings at the 
Society of Arts and the Mansion House there was a con- 
spicuous absence of nearly all those who are known to 
have been most active in carrying on the real work of 
technical education and who are able to speak from ex- 
perience. Yet, if the public are to be properly informed 
and guided, and if the politicians are to be instructed in 
their duties, it is imperative that others besides the orna- 
mental and amateur members of the body of technical 
educators should be summoned to assist in the movement. 

The Times^ in a recent article on Lord Harrington's 
speech at the meeting of the Association for the Pro- 
motion of Technical Education, has very properly called 
attention to the importance of an accurate definition of 
the term technical education, pointing out that if it means 
that kind of education which bests fits a man both 
mentally and bodily for technical pursuits requiring skill 
and intelligence the proposition that technical education 
is a good thing is self-evident ; but that if it means a 
particular methed-^f imparting knowledge on technical 
subjects then it is"' open to many of the criticisms passed 
on it by Lord Armstrong, Probably the majority of the 
public are at present of opinion that to technically 
educate a youth is to teach him bis business— that 
technical education is the modern equivalent of the now 
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efhtt apprtikiiceebi|> syttesn. This tame out very deaHy 
in the late <)iBCns&ion wHh reference to the hitFOduction of 
manual training into schools^ to which objection was made 
by motty artisans, who ut^ed, among other things, that if 
such instruction were given it should be imparted by skilled 
artisans aim not by the teachers — entirely failing to realize 
that it was sought to introduce manual training with an 
educattonal object, for the purpose of cultivating a faculty 
hitherto left untrained, and not for the purpose of teaching 
a trade. Authorities, however, we believe, arc mostly of 
opinion that to technically educate a youth is to teach 
him to understand and scientifically follow his business, 
and they consider that only so much of the actual prac- 
tice should be learnt by the student who is being technic- 
ally educated as will suffice to afford the necessary insight 
into the principles on which the practice is foundedr 
Thus, medical men have long been technically educated ; 
they have not only learnt the practice of their profession, 
but have also devoted a large amount of time to the study 
of the facts and scientific principles on which medical 
practice is based, and the demands upon them in this 
latter direction have been much increased within recent 
years. Engineers and architects, on the other hand, 
hitherto have generally not been technically educated : 
Entering the workshop or office, they have been left to | 
‘ acquire as they best might a knowledge of the scientific 
principles underlying their professions, their ★atten- 
tion having been almost entirely devoted to acquiring 
manipulative skill and a knowledge of constructive 
details. 

It is difficult to understand what meaning Lord Arm- 
strong attaches to the term technical education. He tells 
us that the question ** What is the use of useful know- 
ledge?" appears to him to present in a quaint form a 
theme of a very debatable nature ! He then proceeds to 
argue that success in the world depends on the pos- 
session of genius ; knowledge — well, is of no particular 
consequence I Many people imagine that genius is 
kept down from want of knowledge, and that in many 
cases it istbu 5 lost to the world. This I entirely dispute* 
Genius is irrepressible, and revels in overcoming diffi- 
culties." But even the genius must find his opportunity, 
and— nowadays at least — must be possessed of sufficient 
knowledge to be able to take advantage of the oppor* 
tunity when found. Moreover, as the world progresses, 
opportunities are not found to be increasingly numerous 
in proportion to the growth of the population, nor do the 
problems diminish in difficulty ; and no reliance can be 
placed upon the supply of genius keejMng pace with the 
demand. 

Lord Armstrong thinks that the well-known dictum 
that if the Romans had had to learn Latin they never 
would have conquered the world, is suggestive ^ what 
our loss might have been if self-made engineers such 
as Watt, George Stephenson, Smeaton, Brindley and 
Telford, had frittered away their energies upon inappro- 
priate studies forced upon them at school ; and that 
generals such as Wellington and Marlborough, or naval 
commanders such as Nelson and Blake, would not have 
directed the armies and navies of England with more 
effect if book knowledge had been crammed into them at 
6 ::hool But to argue in this manner is to entirely pervert 
the tbme of technical education : the whole object of Sts 
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advocates to improve entire educational 

machine that all inappropriate studies may be eliminated 
from the sdmol course, and every provision made for 
develM^ng and strengthening the faculties generally; and 
even Lord Armstrong admits that as “ cheapness pro- 
duction and superiority of quality will, decide the victory 
in the race of competition, we shall imprevtt our tdtanci 
of mn^f^ining a foremost place if by early training 
we de^mp the mental and bodily faculties of ear 
people." His subsequent words, however, but. 1 : 
think, by any forced or indiscriminate system of, unpaRi- 
ing knowledge," are simply incomprehensible, as no 
has suggested the introduction of any ** forced and in- 
discriminate system " ; in fact, this is only one of the many 
cases in which Lord Armstrong sets up an image of his 
own creation, and at once hastily destroys it. When he 
tells us that he does not “ undervalue technical know 
ledge volumarily acquired as a means to an end, but it is 
the brain- workers and not the hand- workers who will 
seek to attain it and benefit by it," he entirely over- 
looks the fact that one great object of technical edu- 
cation is to associate brains with hands and hands 
with brains. 

We have no space left to discuss Lord Armstrong’s 
extraordinary views with reference to existing facilities for 
the acquisition of technical ktiowledgcand their sufficiency. 
But we must call attention to his contention ** that when 
Colleges can be established by public subscription or 
private munificence, they are worthy of approval and 
commendation ; but where the State or local governing 
bodies have to furnish money for education in relation to 
national industry, they must look to attaining the required 
results at the least possible expense, and I am inclined to 
look upon Colleges as luxuries in education rather than 
necessaries." In marked contrast to this is a statement 
made by Sir Henry Roscoe in the discussion on Mr. Swire 
Smith’s paper on the Technical Education Bill, read 
at the Society of Arts in February last. Speaking q( what 
the Swiss were doing, Sir Henry related how, a few 
years ago, when h was proposed to spend ^34,000 on the 
erection of a new chemical department of the Zurich 
Polytechnicum, some of the Bundesrath were a little 
startled and rather objected to paying so large a sum, 
and there was accordingly in Berne some opposition ; but 
the Mrnister of ElduGation pointed out that the amount of 
money which had already been received by Swiuarland 
from the men who had studied in the Polytechnic School at 
Zurich had amounted to ten times over the sum he was 
asking for, and he was sure that the money would be well 
spent, and in a short time recouped* The Swiss, at all 
eventS“lct alone the Germans— therefore do not look 
upon Colleges as luxuries rather than necessaries ; and 
we are assured that if comparison were made of the work 
done by chemists in Swiss laboratories with that done by 
English chemists, the result would not be to the credit of 
our country. We should like Lord Armstrong to tell us 
—is he, or is he not, content to see this counhy remain 
on a lower intellectual footing than Switzerland? 

Great as is Lord Armstrong's roputatioiz as a stiecb- 
anical engineer^ we trust that few will regard him as an 
** unimpeachable authority^ in the matter of 
education ; if the minority remain much of his 

opinioni then it the our . 
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EXPLORATIONS AND ADVENTURES IN 
NEW GUINEA. 

Sj^Utaltons and Adventures in Ne^ Gutnia* By 
Captain John Strachao, F.R.G.S., F. 11 .C.I, (London: 
Sampson Low, Marston, Searle, and Rivington, 1888.) 

terra incognita of ttw world arc year by year 
^ Rowing less ; but of these the vast island ijsntinent 
of New Guinea remains as to much of its coasts, and 
almost tall of its mountain regions, still scantily known 
and explored* The elegantly bound volume under review 
is the latest contribution to our knowledge of the shores 
of this tripartite country. To the explorer who adven- 
tures himself into this most insalubrious territory, even if 
he bring back with him but small additions, we are under I 
a debt of gratitude, if so be, however, that his record be : 
trustworthy, and an honest attempt to add to science i 
geographical or biological. | 

Captain Strachan is a master mariner, who appears to 
have spent several years on the New Guinea coasts, in 
command of small trading vessels, engaged in the 
collection of such commercial products as are to be 
obtained from the natives, and has matle a bid for fame 
by combining with his ordinary pursuits the r^le of 
explorer. The narrative before us it would be unfair to 
submit to too rigid a criticism as a literary production, 
especially as the author disclaims the intention of aspiring 
to ** literary renown,^’ but relates his experiences in the 
homely language of a British sailor.” Deprived of the 
expectation of a literary delicacy, the reader has a right 
to hope for a more or less satisfying portion of new facts 
and observations, as the raisen d^itre of the work. 

The book divides itself into two portions ; explorations in 
the Papuan Gulf within the British Protectorate ; and in 
Maduer Inlet (or Gulf, as Mr. Strachan not inappro- 
priately calls it) in the Dutch territory in the north-west. 

In the Papuan Gulf, Mr. Strachan claims to have 
ascended the Mia Kasa river, and to have discovered and 
explored Strachan Island and Strachan Country, a region 
lying to the immediate west of the Fly River. He has 
discovered also a large arm of the Mia Kasa, christened 
by him the Prince Leopold River, which incloses, and is 
the western boundary of, Strachan Island. The name^ 
Prince Leopold River, he has applied also to the Mia 
Kasa above its junction. Beyond the mere statement, 
‘‘Mhe Mia Kasa itself was discovered by Dr. Samuel 
Macfariane as far back as 1877, and was named by 
him the Baxter,” Mr. Strachan makes no reference to the 
previous exploration of the river made, not in 1877 but in 
*875, by that missionary, who ascended it for sixty miles 
in the Rllmgowan steamer, and for thirty miles farther in, 
one of his ship’s boats. This is as far as, if not farther 
than, the point attained by Mr. Strachan. If therefore a 
new name had to be applied, only the western arm, now 
^at brought to our knowledge, ought to bear the name 
Prince Leopold, while the river explored by Mr, Mac- 
fatlaiic should ^ known as the Mia Kasa or Baxter. 
Even the Prince Leppold River is 4 ndicated in Mac- 
f^lane’a aiap* Mr* Strachan has indicated a number of 
diverticula extetxdlng right and , left from both rivers, but 
^ addniitt)^ beyond staring it,, to the opinkm, long held, 
yet Wiritbut absolum Mia Kasa and 

-aU, its m merely oeoMjpr ^ vast delta system 


of the Fly River. If Mr. Strachan had taken the troutde 
to examine the work of his predecessors, he could scaicely 
have deluded himself on entering the mouth of its 
estuary with such ^ncies as these : ** During the whole 
day I could not help thinking that we were not saiiiug on 
a river at all ; hut were on an arm of the sea, which 
would, in all probability, extend across the whole iUand 
from south-east to north-west, opening into the Arafura 
Sea at that part known to the Dutch as the Utanata 
River; and 1 built a good many castles in the air in 
consequence, hoping ^ve had found a new channel to 
China and the East ” ! It is siifhcient to state that the 
Utanata River rises in the gorges of the Charles Lewis 
Range, so that the water*way surmised by Mr. Strachan 
to exist must crosfi the spurs of that range. Nor has 
he any better baeis for many of his beliefs, none of which 
appears more unfounded than that given on p. 178, 
where a river “ debouching into the Arafura Sea opposite 
Providential Bank, will, I believe, be found connected 
with the Fly River at its junction with the Alice River, 
discovered by DVUbertis”! This new river would necos- 
sariiy bisect his new channel to China ! We have unfor- 
tunately no means of testing tl'ie accuracy of the author’s 
positions. He does not tell us on what base his survey is 
constructed ; or whether it is established by astronomical 
observations, or from assumed points on the Admiralty 
chart 5xed by sextant angles or prismatic bearings, so as to 
gain his readers confidence in his discoveries. On p, 41 
he refers to a large tributary as being ninety miles 
inland which I named the Wallace ” ; while on p. 128, 
he says, ‘‘ at a d instance of some eighty miles the Prince 
Leopold again divides into two branches, the eastern of 
which is the Wallajcc,” ** which we followed [p. 42] for a 
distance of seventy miles through the same class of 
country.” If we test this distance by his map, we find 
that a chain thirty-five miles in length, would extend from 
the mouth of the Wallace River to bej^ond the Fly River. 
These discrepancies do not increase our confidence in the 
accuracy of Mr. Strachan's explorations. He describes 
the country in this region in the most glowing terms, 
splendid agricultural country,” “ well watered,” high 
land.” Other travellers have reported it as ‘Mow and 
swampy,” while D’Albertis in ascending the I'ly, found 
the whole country for some hundreds of miles low and 
little elevated above the sea. Such glowing advertise- 
ments are to be gravely deprecated, of a region so 
malarious that few Europeans can ever be able to settle in it 
as their home ; it is doubtful whether they could even find 
it habitable during the wet season. While abundance of 
unoccupied territory exists in Australia, richer in soil and 
easier of access, and in a far less unhealthy climate, no 
wise man will risk his capital and his life in the great 
delta of the Fly River. The natives at the mouth of the 
Mia Kasa seem to have so threatened the little party, that 
they had to abai^don their lugger, and make for the coast 
overland, experiencing some hardships by the way, and 
eventually the loss of one of their companions by drown- 
ing. We fear fisw will be able to appreciate Mr. Strachan’s 
delicacy in forbidding, ^‘in order to prevent raising a 
hostile spirit hmong the natives,” his “tireary, worn and 
starving people,” from cutting down a cocoa nut tree, 
during their nstreat, shortly after they had been firing on 
its ownferl with tbw Wihehesters, discharging rockets In 



316 


NATURE [Amgusia,i$6» 


their midst, and exploding among them a tin case con* 
taining twenty-five pounds of gunpowder. One would 
think that if their hostility had not been excited by these 
gentle tactics, they could have borne also with equanimity 
tho appropriating of a few cocoanuts. 

The second part into which this record of exploration 
divides itself, is really little more than the log of a trading 
cruise. Except the claim to the differentiation of a few 
insignificant islands, no piece of exploration worthy of the 
name abides in the recollection after laying down the I 
volume. Macluer Inlet has long been a rendezvous for | 
trading vessels, and Mr. Strachan^s time seems to have 
been chiefiy devoted to collecting nutmegs, massoi bark, 
tortoise* and pearl-shell from the natives. He reached 
the top of the Gulf, and he lays evidently great store by 
another geographical surmise related in the following 
words : — 

** In three days we arrived at the head of the Gulf and I 
anchored opposite what afterwards proved to be an I 
island Here two channels, one to the north and the 
other to the south, debouch into the inlet. The latter we I 
entered and followed until we reached a bend, at a ' 
distance of not more than three miles from Gleevink 
[Geelvink] Bay, where we anchored. i 

“ Here the channel is between two and three miles in ; 
wjfdth, and the depth of water seven fathoms. My charts 
showed the opposite shore to be entirely un surveyed and 
foced by many islands ; the inhabitants of which I had 
reason to believe were hostile. 

“ These considerations decided me to return, although 
well convinced that by continuing another two or three 
miles I should enter the broad waters of Gleevink 
[Geelvink] Bay.” 

We should have felt more confidence in this conviction, 
if the author had given the data on which he grounds his 
surmise, if only to allay our suspicions that this is not a 
happier guess than that which fiashed on him at the 
mouth of the Mia Kasa River. He makes no reference to 
the explorations in 1873, in the same region, of Dr. Meyer, 
who, entering the Wapari River on the eastern side, in 
Geelvink Bay, and ascending mountains over 1200 feet in 
height, 4escended the western slope till he struck the 
Jakati river by which he reached the shores of Macluer 
Inlet — a route which must have led him across the wide 
channel supposed by Mr. Strachan to exist, but of which 
no mention is made by Dr, Meyer. Is Mr. Strachan 
guite sure about his position— especially the longitude of 
his turning point ? 

In the selection of his crews Mr. Strachan was most un- 
fortunate. They appear to have been very typical beach- 
combers, against whom he brings charges of threaten- 
ing the natives, and of wantonly shooting their dogs — 
deeds which are very characteristic of that baneful type 
of humanity. 

In his natural history determinations Mr. Strachan is 
very often considerably afield ; but he makes several 
interesting observations on the customs of the people. 
One or two illustrations of the natives are given, which 
appear to be faithful representations of the tribes of the 
dslta. 

The book, we regret to say, docs not leave a vc^ satis^ 
factory impression on the reader ; there are numerous 
inaccuracies and too many discrepancies between the 
text and the maps; while the goody-goodyism and 


buccaneering brag with which it is interlarded are insuf- 
ferably nauseous, with the result that the reader loses 
what confidence he might otherwise have had in state- 
ments df the author that may be quite accurate. 

In noticing this volume we cannot omit to draw atten- 
tion to a subject much more serious than its poverty of fare. 
Mr. Strachan tells us he was denounced in New South 
Wales Hm a ‘^red-handed murderer, who had tramped 
through New Guinea knee-deep in blood.” The accusa- 
tions against him were the outcome of the outrageous 
lying ” of one of his own party, which he rebutted by a 
letter to the Secretary of State for the Colonies, who 
caused his (Mr. Strachan’s) letter to be published in Sydney 
for general information. We may probably accept the 
, statements made against himself in this volume, under 
his own hand, as at least not “outrageous lying.” Mr, 
Strachan knew fully the conditions under which he 
and his party had permission to cruise in the waters of 
the Protectorate or of the Dutch Crown. ^ No spirits, 
firearms, gunpowder, dynamite, or any explosives can be 
landed under any circumstances, so as to be given or sold 
to the natives ; no acquisition of land on any account is 
permitted ; and above all a just treatment of the natives 
is a stne qud non, since it was the overacts of her 
subjects that compelled Her Majesty to take under her 
gracious Protection the inhabitants of that portion of 
Papua, now generally known as British New Guinea, and 
for which the name of Torresia has been suggested. On 
p. 80 is recorded this little episode : “ The men who were 
so fortunate as to possess muskets were very eager to 
obtain ammunition ; but this the law distinctly forbids 
the white man either to give or to sell to the natives under 

a penalty of three months imprisonment Being 

anxious to accommodate those whose kindness to me had 
been so uniform, 1 was placed on the horns of a dilemma, 
but having confidence in their integrity, and being 
anxious to serve them while keeping within the strict 
letter of the law [1 M] . . I at last decided to place the 
required ammunition on my cabin table. Having done 
this 1 lit my pipe, and went on deck to give some orders 
to my officers. On my return the natives had all left my 
cabin. ... I missed a twenty-eight pound-bag of No. 4 
shot, half-a-dozen half-pound flasks of powder, and a l>ox 
of caps.” This is not the only occasion, recorded in his 
book, on which he distributed warlike material. In 
several places he confesses to having dispensed gin to 
the natives, and presented it as gifts to chiefs. The edict 
as to the purchase of land was also disregarded in the 
same open way. He purchased Strachan Island, con- 
taining [only] seven hundred and fifty square miles, by a 
very simple transaction. “ ‘ Are you willing that I come 
and possess this island They all signified 

their willingness. My trade was opened and parcelled 
out to each chief according to the number of people in 
his tribe. I told them the name was Strachan Island, 
and by this name the natives know the island at present.*' 
The latter amaxing statement we may take for what it is 
worth ; but it would have been very instructive to have had 
deists of the items of the trade paid for this little estate, 
Thci 4ocuf^ent would probably have formed a companion 
to the vamatble inventory given in the late Sir JPeter 
Scratchley*8 |ournaUli|^ price paid by certain Austt^ian 
pioneers for a tract fi^laOd the else of a large Englilb 
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county. There is no evidence that these ** chiefs ^ owned 
the land they were selling, nor that they were made 
aware that they were parting for ever with their most 
cherished possessions, of which Mr. Strachan attempted 
to claim ownership (Her Majesty’s edict notwithstanding) 
in right of exploration and purchase. While in Macluer 
Inlet, the author resided among a people who ^olce to 
some extent the Malay language. The quotations with 
which we are favoured in his book, not to mention his own 
admission of the fact, show clearly how imperfect his 
knowledge of that language (as of the true language of 
the region) is. Yet from a conversation he overhears, half 
of ^ich only, he admits, he understood, he accuses certain 
chiefs of Macluer Inlet of slave-hunting, and in the most 
high-handed and unauthorized manner, carries them off 
prisoners to Gessir, to give them in charge to the Dutch 
authorities, yet does not do so (owing to stress of 
weather), which under the grave circumstances he ought 
to have done when the weather moderated. Eventually, 
after severe cogitations whether he should not himself 
inflict punishment on them, he returns them to their homes, 
when he feels *‘much lighter of heart.” Shortly after 
this, be sees a canoe dodging backwards and forwards 
among the islands within gun shot of the ship,” and is 
seized with a panic (as he often was), and without the 
flimsiest evidence of a hostile intention on the part of its 
occupants, he seized a long range rifle ” and fired into 
it ; “ they then began paddling rapidly, and although I 
fired many shots I could not round them to.” Nor are 
these again the solitary instances of most illegal acts 
performed by Mr. Strachan as recorded by himself. It is 
doubtful, also, whether the removal of the little lad whom 
he brought from his country to England (and whom he 
appears to have treated with the greatest possible kind- 
ness) was not an act of kidnapping. Altogether, it is 
perhaps not surprising that the natives, as Mr. Strachan 
bemoans, “ cannot recognize nor appreciate the principles 
of honesty and honour,” so exemplified. 

Her Majesty’s Special Commissioner comes in for a 
most violent and unwarrantable attack. No one who 
reads Mr. Strachan’s own admissions will wonder that 
his explorations were not regarded by the authorities 
with all the favour he could desire. If Mr. Douglas 
had had the facts here recorded before him, he must, 
we fear, instead of renewing the author’s permit, have 
excluded him from again approaching the island. The 
Commissioners administering the Government in New 
Guinea have had experience enough of the woes that flow 
uot to the natives themselves only, but to unsuspecting 
Europeans who have the misfortune to follow behind (and 
have paid, too often, the penalty of the overacts of) such 
explorers as ^‘Captain” John Strachan, 


MINERS UR VE Y/JVG. 

• 

A Tlf eatiu m Mine-Survtyif^^ By Bennett H. Brough, 
F:G,S., F.T;C, Svo., pp, afla with lot woodcuts, two 
appendices and index. (Londons Charles Griffin and 
iwa.) 

R. BltOUGH, wfio for mai^ears hae been giving 
in surveyingSpIbe Rpyal School of 
^bae>^aced the mining under a debt of 


gratitude to him by the issue of his compact manual* 
It is the kind of book which has long been wanted, and 
often asked for, not only by mining students, but also by 
mine -agents desirous of obtaining more knowledge con- 
cerning a material branch of their profession. 

The book is divided into nineteen chapters. In the 
first the author dwells upon the importance of mine- 
surveying and certainly does not exaggerate it. Instances 
could be multiplied showing the danger to life and the loss 
of valuable mineral from the want of accurate plans. A 
blot in British legislation does net escape the author’s 
notice, and he very properly regrets that the agents of 
ordinary ore* mines are not required to qualify themselves 
by examination in the same way as their brethren at 
collieries. Considering that the tin miners of Cornwall 
have a rather higher death-rate from accidents than 
colliers, and a very much higher death-rate from diseases 
induced by their occupation, it does seem strange that 
the test of ability imposed in one case should be entirely 
dispensed with in the other. When the Metalliferous 
Mines Regulation Act is amended we may hope to see 
this anomaly swept away Many agents of ore-mines 
would welcome the introduction of certificates of com- 
petency, because a Government diploma would raise 
their status at home and constitute a valuable passport 
for them abroad. 

Four chapters are devoted to surveying with the 
ordinary miner’s dial, of which various forms are 
described ; and very useful hints are given concerning 
sources of error with the magnetic needle, which would 
not strike tyros, and some of which are probably 
unknown to many practised surveyors. The important 
question of the diurnal and secular variation of the 
magnetic needle is next fully dealt with, and we ho^ 
that due heed will be paid to Mr. Brough’s remarks, for 
few ordinary diallers are aware that the needle may vary 
10' from 8 a.m, to i p.m. 

The theodolite is properly recommended for cases 
where great accuracy is required, and much useful infor- 
mation is afforded upon various matters, such as plotting, 
calculation of areas, levelling, connection of underground 
and surface surveys and methods of rapid surveying with 
the tacheometer. Faults and subsidences are discussed 
at length, and careful directions are given concerning the 
construction and copying of mine plans. Mr. Brough 
insists upon neat lettering, but curiously enough omits all 
mention of stencil plates for this purpose. 

The last chapter, dealing with the application of the 
magnetic needle in mining, is full of interesting matter. 
We have good descriptions of the Swedish and American 
dip-compasses, and the improved methods of Brooks, 
Thal^n and Ttbcrg, for exploring for iron ore ; and the 
author exposes the clever devices of unscrupulous mine- 
sharks for misleading intending purchasers. Between the 
years 1868 and 1875 eighty-five iron mines were dis- 
covered in the State of New Jersey solely by the magnetic 
needle, and in many cases where there was no visible 
indication of ore at the surface. 

Mr. Maegeorge's ingenious appliances for ascertaining 
the true direction taken by bore-holes, which frequently 
deviate very considerably from the vertical, attracted 
much attention at the Inventions Exhibition, where they 
received a gold medal. Now that Mr. Maegeorge’s 
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metbod is described in a text^beokj its advantages wiU' 
become more generally known. 

Mr, Brough deserves much praise , for the. care with 
which he has s^rched European and American publica* 
tions 50 as to b^g his work up to da^e, and there is 
little call for censure save upon minor points which do not 
affect the general value of the text^-boolt 

It is time that some one should enter a protest against 
two of the technical terms dehued by the author, and 
frequently met with in the reports of mining experts, vii. 

country Tock '' and gangue.” ' To say “ country rock ** 
is tautology. The word “country’^ alone, as used in 
Coriiwall, means “surrounding rock” or “enclosing 
fock^” and, if the provincialism is to be adopted, there is 
ho necessity to add the word “ rock,” The word “gangue” 
is objectionable, because it has come to us through 
Frenchmen, who apparently did not thoroughly understand 
the meaning of the Gcnnian word “ Gang.” “ Matrix,” 
“ lodcstuff,” and “veinstuff” arc better words than 
“ gangue,” which' might well be allowed to drop out of 
mining books, especially as it is rarely heard at mines. 

To cite the china clay deposits of Cornwall as examples 
of stvekworks is unfortunate, because the occurrence in 
them of veins bearing workable quantities of tin ore is the 
exception, not the rule, 

In- Chapter Vlll. Mr. Brough says: “In 1798 
Breithaupt, of CasscI, invented a inine-surveying instru- 
ment, which he called an asirolabium,^^ This remark is 
not correct, for, as the author well knows, the astrolabe 
was invented by the ancients. The statement should 
have been that H. C. W. Breithaupt was one of the first 
to put an astrolaljc upon a stand and use it for surveying 
underground. According to Mr. Brough the theodolite 
has been employed more or less for mine surveys since 
1836. This date is probably correct as far as Germany 
is concerned ; but as a matter of fact a mining theodolite 
was supplied to the Imperial Brazilian Mining Association 
four years earlier. 

The description of Prof, Borchcris method of using 
magnets for ascertaining the precise line in which one 
should continue to work in order to connect two drivages 
in opposite directions which are approaching each other, 
is not so clear as it ought to be. Mr. Brough omits to 
explain, in reference to f'ig. loi, that by construction the 
paints A, B, and C are situated upon the circumference 
of a circle, the centre of which is E ; and the confusion 
is increased by the statement that the triangle A £ C is 
“equilateral,” whereas it is really only isosceles. The 
consequence is that the reader is very much puzslcd. 

However, these and a few other errors cart easily be 
corrected in a secorfd edition, which is likely to be 
required before many years arc past \ because, as soon 
as the book becomes known, no English-speaking mine- 
agent or mining student will consider his technical library 
complete without it. C. Le Neve Foster, 


OUR BOOK SHELF. 

Charhs A. Gillie's Tours and Excursions in Greai 
Briicdn. By Stephen F, Smart. (London ; United 
States Exchange, 188$.) 

Ttirs book is intended in the first instance for AtnerkiMiVt 
bttt it may also be of some service to Engtish toisrista 
T^uag London as a central point-^“ not only becausek is 


the mo^ zurtable dtv of the world, but because it is like. 
Mecca, if not the El Medina, of traps- Atlantip tourists^ 
at least author describes a series of excursions, 

any one of which will well repay the trouble of those who 
may elect to follow his -guidance. He also daatkibhi 
various tours in Wales a^ Scotland. Mr. Smart has 
been at pains to make himself familiar with the ground 
over which he undertakes to lead others, and the infor- 
mation he presents, so far as we have b^en able to test 
it, is thoroughly trustworthy. Of course^ no one who 
wishes to obtain a full account of any parttcular town dfr- 
district will think of consulting this firtle book. But 
as a general sketch, it has considerable merits ; and it 
will doubtless help many American visitors to make the 
most of a brief visit to Great Britain. 


LETTERS TO THE EDITOR. 

\Tht Editor dot$ not hold himself resfonsihU for opinion* 
expressed by his correspondents. Neither can he under- 
take ta rciuntf or to correspond with the writers of, 
rejected manuscripts intended for this or any other parp 
Naturi*:. No notice is taken of anonymous (ommum~ 
cations,^ 

The Supply of Bait for Sea-Fisbermen. 

One of the first questions of practical importance with whith 
the Marine Biologi^^ Association has to deal is that of supply- 
ing the long line fishermen with a continuous supply of bait at 
a cheap rate. Great distress is often occasioned through fisher- 
men being unable to get the necessary ))ail for their long lines. 
Mr, Hobart Bayly, of Plymouth, a governor of the Marine 
Biological Association, has generously given a sum of to 
be spent on investigations on the bait question, and the Council 
have instructed me, as Uirector of tlie Association, to consider 
the best means of spending this sum. 1 shall therefore bs glad 
to receive any suggestions from gentlemen who may interost 
themselves in this question, or to consider the work of any 
investigator already in the field, with the view of ernploying 
a suitable person to carry out a series of observations and 
experiments. 

Two methods appear to offer a solution to the question. Either 
the animals used commonly as bait, such as whelks, mussels, and 
squid, may be reared artificially and kept in confinement till re- 
quired, or some artificial hart may be invented which will lone 
the more valuable kinds of fish to the hosk. 

The former of these methods has been successfully practised in 
F ranee, but such is the operation of the English laws on shore 
fisheries that there is very little prospect of its being possible in 
England, unless (hose laws are altered. 

The second method, though more apparently difficult, is the 
more likely to attain success. Fish are undoubtedly guided by 
smell and taste in the selection of their food. Some are known, 
to be very nice about the kind of food offered to them, and will 
only take certain kinds of bait. The whelk is a very favootito 
morsel, and has a distinct smell and taste : It may be poasitik. to 
determine by analysis the essential oil or whatever it may be 
that gives this odour, and to imitate it sufficiently well to deceive 
the fish. Hie trade is ^ble to imitate successutlly the bOuqtht 
of wines ; cannot ohenvi^ produce an imitation of the bonqiiel 
of the whelk ? G. C. Bot/AN^ 

The Laboratory, Citadel HUI, Plymouth, July 3t. 


Geometric Meaning of Differential Equations. 

In the Proceedings of the Royal Asiatic Society of Bengal, 
iSSft, p. 76, Ptofi Aautofb Mnkhopadh^bas picposed a rwBy 
excellent mode of geometric interpretation of dlffeeentUl aqua- 
tions in genersd s viz. wrlUag the ^uatkm in form F a o, the 
teeenetric meanitig of the symbol P considered as a mim^nde 
(angle, liftOi area, &c,), in any curve whatever (wbeotht F li^ of 
course not «ro), h, if ppssibje, to be focmed ; skmi the gso- 
metiie df that equation obviously is that the 

vanishes right round cum of m fiStnlly 
This h the most direct intoipviaati^ ytd 
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Ttiri9^iUKple8 bave been given by him, nil ve^ry tieat. Wi^mg 
lor tbe dllfereiitlm aquations tfa^— 

ft as 0 ; S ^ 0 ; T ^ 0, 

hehttspfoVed (in JcniVn. As. Soe. Bengnl, vol. Ivi. p. 144, ami 
jitAWIIt*, vot. xxxvKi. p. 173) that in gctietal in any curve 
s^teVer, 

(1) Tan. i of aberrancy = </i . R ; 

(i) Imlex of aberrancy = y, . h ; 

( 3 ) Radius of curvature ofaberrancy curve = /a . T ; 

'where are certain functions in general finite. Hence 

the geometric meaning of the dififerentiat equations of the three 
curves is at once 

(() OVr/tv— Angle of aberrancy = o \ right round 

{3) —Index of alierrancy =or all curves 

(3) CVwrV.— -Radius of curvature of aber- f of each 
rancy curve = O ) family. 

The verbal . neatness of these Interpretations can hardly he 
axpelle<l. 

A writer (R. B. TI.) in NATURE, vol. xxxviii. p, 197, objects 
to the last that it really only means that a conic f> a conic (be- 
cav^ its Aberrancy curve shrinks into the centre) I Now, this 
is precisely what was to be expected : the differential equation 
of a curve expresses exactly that the curve of some family which 
osculates it in the highest degree is tJic CMVve itself. But the 
new interpretation puts this in a neat form, viz. in assigning a 
meaning to the magnitude F, which differs from zero in general, 
and whose vanishing at all points of every curve of a certain 
family (say Conic) indicates a property of high generality of 
those curves. 

But the Professor makes, what I conceive to be, the mis- 
taken claim (Proc. As. Soc Bengal, 1888, p. 7$, et sea.)^ that this 
mode of interpretation is the only true one ; and further that, 
accepting this mode of interpretation, only one weaning can be 
attached to it (p. 76, 1. 29, of. cit.). 

Now it must be oljsCTved that the equation F » o implies 
directly^ not only that some one geometric nu^nitude F vanishes, 
but abo that every geometric magnitude vanishing with F (such 
as nF, aTy*. sint^ ^lic.) vanishes right round every curve of the 
family. All of thcac are ecptally good geometric jnierpretations 
of the same kind as proposed. 

But the equation F = o also implies, more or less directly, 
countless theorems of ]X>sition, osculation, See. All of these 
may be fairly considered geometric meanings of that e<tuatton. 
Thus, attending to the meaning of ‘'aberrancy,'* the results 
quoted involve directly— 

(il CmVtf.— Normal coincides with diameters, 

(2) Diameters are axes of aberrant^, and meet at 
infinity. 

(3) CoMiV.— Diameters are axes of aberrancy, and are con- 
current (in the centre). 

Surely these arc also geometric interpretations. 

Lastly, let the equation F =s o be multiplied by any of its 

integrating factors /a, and write for shortness j fjL^dx = tp. It 

foBoiss that f !tr constant. Hence, since the number of ha- 
tegnrfhitg is infinite, another (indirect) geometric inter- 
pretation that all the geometric magnitudes are 

consbtri; right nmnd every curve of the family* 

Tbeee Utter gesHera/ mraes of interpretation, viz. theorems of 
position, osonlatioa, and of first integral^ .(f == r), 1 had given 
aUven yeonego (in Quart, Jaunt, Math., vol xiv. p. 326). 

To the last of these the Professor has ol^ected (i), 76 of his 
^ptT iquntedlr that it U not an Uterpiretalion of the eqvmtion 
F » o at all, but only of its fir^t integraJs This is, of 

course, addiitted. But it is worth noting that the connection 
betw^ the two, F « Q, (p =* r, is so ipcry close, that many 
will accept an interpretation of the latter aa a fair (indirect) 
interpretation of the former aho. 

In fact, since F o Is equivalent to = o, the former is 
now to iheM dirtHfy that there U no variation of any of 
the itUihtttnUs W vlfiht round eVert curve cf the family : and 

F »o Itself. 

Molutbty prethr the Shorter nlttitie ^ cevMtimit, 
^en fi^preti F ^ o only WiifiAly, 

nMiuoeief', a Higkt dtaadinmiaiM m the mmer mode 
'«k’ tW.the £ iwtcnUude F 

iiioug^t In thwii and 

deootecL F s^^o; ^hetAa* the 


interpretation of w ^ ^ only requires the finding a meaning for 
W, which is explained in my paper quoted to be any fundamental 
gecunetric magnitude of the curve itself 

AU-AN CUNNlNGltAM, Z/.-Cd/.,; 


Bttitiah Earthworms. 

Tke occurrence of any new animal in England is a point of 
some interest, however humble that animat may be ; and, in order 
to work out the species of British earthworms, I sent a letter to 
the Field some time back, requesting readers of that journal to 
forward me speclmeTTS. In reply I received a Urge number of 
worms from various people, amongst them being Mr. F. O. 
Pickard Cambridge, of Hyde, who has very kindly sent me 
several parcels of worms. One of these parcels contained some 
very fine gravel taken from the bfd of a stream, together with a 
number of small worms about to 2 inches in length. These 
turned ovit to be a species of Allurus^ a genus formed by Risen 
for a worm in which the male pores are on the thirteenth segment 
instead of on the fifteenth, as in the other genera of the family Lum- 
bricidee. Only one species is at present known, viz. A. tetraiJrus; 
it is of a beautiful sienna colour, with a dull orange clitellum, 

1 wish to record, for the first time, its occurrence in England, 
and also to draw attention to the fact that it lives below water, 
at any rate for some part of the year. Mr. Cambridge has been 
mast obliging in giving me the faces as to the place in which he 
found the worms ; they occur in the gravelly bed of a stream 
which at certain times of the year runs down so low as to leave 
small gravelly islands 2 or 3 inches high. In these islands he 
found A Hums ; but he finds none in the banks of the stream. 
We already know of Cfiodrilus as lacing a thoroughly aquatic 
earthworm, living in the muddy beds of rivers and lakes ; and 
Although this worm has not yet been recorded in Great Britain, 
I see no reason to doubt that it exi'^ts here. 

I should add that Mr. Beddard has informed me that he re* 
ceived a specimen cdAllums from Lea, Kent, some time after 
I received these from Hyde. It has been recorded also from 
Sweden, Italy, and Tenerife. Wm. B. Benham. 

University College. 


THE SUN MOTOE, 

I NDIA, South America, and other countries interested 
in the employment of sun power for mechanical 
purposes, liave watched with great attention the result of 
recent experiments in France, conducted by M. Tellier, . 
whose ijlan of actuating motive engines by the direct 
application of solar heat has been supposed to be more 
advantageous than the plan adopted by the writer of 
increasing the intensity of the solar rays by a series of 
reflecting mirrors. The published statements that “ the 
heat-absorbing surface” of the French apparatus presents 
an area of 215 square feet to the action of the suiTs rays, 
and that “the work done has been only 43,360 foot- 
pounds per hour,” furnish data proving that TcUier*s 
{nvention possesses no practical valpe. 

The results of protracted experiments with my sun 
motors, provided with reflecting mirrors as stated, have 
established the fact that a surface of 100 square feet 
presented at right angles to the sun, at noon, in the lati- 
tude of New York, during summer, develops a mechanical 
energy readting ^830,000 foOt-pounds per hour. The 
advocates of tfie French system of dispensing with the 
** cumbrous nlirirors” will do well to compare the si^id 
amount with the intignifle^nt mechanical energy repre- 
sented by foot-pounds per hour developed by 215 
square foot df suifaCe Cxgoawd to the sun by Tellier, 
during his estperiments in Paris referred to. 

The following brief description will give a clear idea of 
the nature ah 4 atmn^ment of the reflecting mirrors 
adopted by Writer for increasing the intensity of the 
solar heat int|kans expansive force to the medium 
propditing WOrbiftg piston the motive engine. Fig. 
t represerifs a perii^iietjMve view of a cylindrical heater, 
and a frame suppp^l^ a series of reflecting mirtots 
composed Of ndttiflV^ Sjtn^ bf 'window-glass coated with 
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silver on the under side. The frame consists of a light 
structure of wrought iron or steel, provided with trans- 
verse riba as shown by the illustration, each rib being 
accurately bent to a parabolic curvature whose focus 
coincides with the axis of the cylindrical heater. It needs 
hardly be stated that the mirrors supported by the said 
transverse ribs continue from side to side of the frame, 
which accordingly resembles a parabolic trough whose 
bottom is composed of mirrors. It will be readily under- 
stood that this trough with its bent ribs and flat mirrors 
forms a perfect parabolic reflector, to which a cylindrical 
heater, as stated, may be attached for generating steam 
or expanding the gases intended to actuate the piston of 
the ixiotive engine. Regarding the mechanism for turning 
the reflector towards the sun, engineers are aware that 
various combinations based on the principle of the 
“ universal joint ” may be employed. 

Concerning previous attempts made in France to utilise 
solar energy for mechanical purposes, it is well known 
that practical engineers, having critically examined 
Mouchot’s solar engine, which M. Tellier proposes to 
supersede, And that it is incapable of developing 
sufficient power for any domestic purpose. Again, the 


investigations carried out by order of the Frendi 
Government to ascertain the merits of Mouchoi’s inven- 
tion show that irrespective of the great expense of silver* 
lined curved metallic reflectors for increasing the insuffi- 
cient energy of direct solar radiation, these reflectors 
cannot be made on a sufficient scale for motors having 
adequate power to meet the demands of commerce ; nor 
is it possible to overcome the difficulty of rapid wear of 
the delicate silver lining of the metallic reflectors conse- 
quent on atmospheric influence, which after a few hours of 
exposure renders their surfaces tarnished and ineffective 
unless continually polished. A glance at the accom- 
panying illustration (Fig. i) shows that the reflector con- 
structed for my sun motor differs altogether from that 
originated by Mouchot, which Tellier^s apparatus, tested 
at Paris, was intended to displace. 

Description of ike Illustrated Reflector, 

(1) The mirrors which reflect the solar rays are devoid 
of curvature, being flat narrow strips of ordinary window- 
glass, cut to uniform width and lengthy perfectly straight. 

(2) The under sides of said strips are coated with suver 
by a process which prevents the action of the sun*s rays 



from destroying the silver cojiiii;^ as in 01 dinary loiik'Mg- 
glasses. 

(3) The mirrors supported by the Lent metallic ribs 
extending from side to side of the parabolic trough, arc 
held down by the heads of small screws tapped into the 
ribs. Thin slats of wood may be introducea between the 
mirrors and the ribs —an expedient of some importance 
in localities where the reflector is exposed to high winds. 

(4) It needs no explanation that the reacting" surface 
of the mirrors cannot becon>e tarnished by atmospheric 
influence, since the bright side of the silver conting is 
permanently protected by the glass ; hence it will be only 
necessary to remove dust from the mirrors, an operation 
readily performed by feather brushes secured to light 
handles of suitable length. 

(5) The frame of the reflector, being composed of rolled 
bars of iron or steel, requires no flnish, excepting the top 
of the transverse ribs, which must correspond accurately 
with a given parabolic curvature. It should be observed 
that the needed accuracy is readily attained by a cut^ng 
tool guided by a bar of proper form. 

(6) Regarding cost of construction, it will suffice to 
state that manufacturers of glass, both in the United 


States and Germany, supply the mirrors, cut to egact 
and silvered, at a rate of 60 cents, per' square foot; the 
weight being 106 pounds per 100 square feet CmM- 
qucntly the cost of the reflector and heater for the sun 
motor will not much exceed that of a steam boiler and 
appurtenances, including chimney. The cost of the 
engine apart from th)e reflector, will not be greater than 
that of an ordinary steam-engine. 

(7) With reference to durability, it will be evident that 
the light metallic frame with its mirrors, and a heater 
acted upon only by reflected solar heat, will last much 
longer than steam ooilers subjected to the action of Are, 
soot, and corrosion. 

Let us now briefly consider the distinguishit^r hdpm 
of the sun motor— namely, the increase ofthe ihten^y pf 
the sun’s radiant eoeigy l^yparallei rays eaxdflat refleepag 
surfaces permanently protected against atmosphem in- 
fluence. It has been supposed that the lens and the 
curved stflecting fturface> cfy convening the sun^s ngra, 
coOld alone increase the intensity of radiant heat Sat 
Newton’a demonstraiten, showing that the 
produced by solar radiation is “as the denatty ttf 
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rayl^’' taught me to adopt in place of curved surfaces and 
converging rays, flat surfaces and parallel rays, as shown 
by Fig. 2, which represents a transverse section of part of 
the reflector. The direct vertical solar rays, it will be 
seen^ act on the mirrors ; while the reflected rays, divided 
into diagonal clusters of parallel rays, act on the heater, 
the surface of which will thus be exposed to a dense mass 
of reflected rays, and consequently raised to a temper- 
ature exceeding 600’' F. at noon during ordinary 
sunshine. 

The cost, durability, and mechanical energy of the sun 
motor being thus disposed of, it remains to be shown 
whether the developed energy is continuous, or whether 
the power of the engine changes with the increase and 
diminution of zenith distance and consequent variation 
of atmospheric absorption. ]‘>idcntly an accurate know- 
edge of the diathermancy of the terrestrial atmosphere 



is Indispensable to determine whether the variation 
of the radiant energy is so great that the develop- 
ment of constant power becomes impracticable. Of 
course, manufacture and commerce demand a motor 
developing fuU power during a modem* working day 
trf liours. Observations relating to atmospheric 
diathermancy continued during a series of yeur8» enable 
me to astert that the augmentation of solar, intensity 
during the middle of the day is so moderate that by 
adoffting the simple expedient of wasting a certain 
amount of the superabundant heat generate while the 
sun Is neer the tneridtan (as the steam engineer relieves 
Uie excess of pressure by opening the mety* valve) a 
unifirin working power will be wveloped during the 
•tt(Hslnted eight liotirs. The openhtf of the safety-valve, 
means wastb of cbgf raised from a great depth 
Id fMt ^eest, and, possibly transpotted a long distance, 


while the radiant heat wasted automatically by the sun 
motor is produced by fuel obtained from an inexhaustible 
storehouse free of cost and transportation. 

It will be proper to mention that the successful trial of 
the sun motor described and illustrated in Nature, vol. 
xxxi. p. 217, attracted the special attention of landowners 
on the Pacific coast then in search of power for actuating 
the machinery needed for irrigating their sun-burnt lands. 
But the mechanical detail connected with the concen- 
tration at a single point of the power developed by 
a series of reflectors was not perfected at the time ; 
nor was the investigation relating to atmospheric diather- 
mancy sufficiently advanced to determine with precision 
the retardation of the radiant heat caused by increased 
zenith distance. Consequently no contracts for building 
sun motors could then he entered into, a circumstance 
which greatly discouraged the enterprising Californian 
agriculturists prepared to carry out forthwith an extensive 
system of irrigation. In the meantime a simple method 
of concentrating the power of many reflectors at a given 
point has been perfected, while the retardation of solar 
energy caused by increased zenith distance has been 
accurately determined, and found to be so inconsiderable 
that it does not interfere with the development of constant 
solar power during the eight hours called for. 

The new motor being thus perfected, and flrst-class 
manufacturing establishments ready to manufacture such 
machines, owners of the sun -burnt lands on the Pacifle 
coast may now with propriety reconsider their grand 
scheme of irrigation by means of sun power. 

John Ericsson, 


WHITE RACE OF PALESTINE. 

O N the occasion of my first visit to Palestine 1 was 
struck by the number of blue-eyed, fair-haired 
children whom 1 met with in the towns and villages, 
more especially in the mountainous parts of the country. 
At the time 1 supposed them to be the descendants of the 
Crusaders or of the other natives of Northern Europe who 
found their way to the Holy Land during the Middle 
Ages. But a new light has recently been thrown on the 
maitcr by the ethnological observations made by Mr. 
Flinders Petrie in Egypt. 

The winter before fast Mr. Petrie was commissioned 
by the British Association to take casts and photographs 
of the ethnological types represented on the Egyptian 
monuments, and to note, wherever it was possible, the 
colour of the skin, eyes, and hair. It was not the first 
time, however, that notes of the kind had been taken. 
Some years ago, Osburn, a careful observer, had noticed 
that in the sculptures of Ramses II. at Abu-Simbel " the 
Shasu of Kanana ” were depicted with blue eyes, and red 
hair, eyebrows, and beard, and the Amaur with “ the eyes 
blue, the eyebrows and beard red.” As “ the Shasu of 
Kanana ” lived a little to the south of Hebron, while the 
Amaur are the Amorites of the Old Testament, it was 
clear that a population existed in Palestine in thi 
fourteenth century before our era which had all the 
characteristics 6f the white race. 

Mr. Petrie's observations have abundantly verified 
this conclusion. He finds that, on the walls of a Theban 
tomb^ the chief of Kadesh’ on the Crontes is painted with 
a white and light red-brown hair. Kadeth was the 
southern ca^ta) of the Hittites, after their invasion of 
Syria, but the Ej^tian inscriptions describe it as being 
*Mnthe land oTAmBur"; and that its chief must have 
been an Amorite Is shown by the fact that the Hittites 
are deleted sirith yellow or orange skins, their hair being 
black, and thdr byes dark. 

The physltd^omy of the Hittites and Amorites, more- 
over, diflTered widdty* The Egyptian artists Bgrte with 
the native Hittite tnonuments in representing the former 
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with mgly protrusive profile« and Mongoloid features, the 
bs^r bei^ arranged at the back of the bead in a sort of 
" pig* tail. The Amaur or Amorites, cm the other hand, 
are a handsome people, tall, and dolichocephalic, with 
laige sub-aquiline noses, and a short pointed bsard at the 
end of the chin, yhc defenders of “ the fort of Amaur” 
are represented as having been burnt a light pink-red by 
the action of the sun. Otherwise the skin is white or 
*‘aa 31 ow." 

We learn, then, from the ancient monuments of Egypt 
fhat a portion of Palestine was occupied by a white race 
before its conquest by the Israelites. And they further 
inbrm us that this white race continued to exist in the 
country after the conquest. The physical characteristics 
of the captives taken by Sbisbak in the time of Rehoboam 
from the cities of Judah have Amoritc and not Jewish 
features. There is nothing in common between them and 
the tribute-bearero of Jehu, who are depicted on the black 
obelisk from Nimroud, now in the British Museum, with 
faces of a most typically Jewish cast In the tenth 
century before our era, consequently, the bulk of the 
population in the southern part of Judaea must have been 
of Amorite origin. 

It is not wonderful, therefore, if we find tiaces of the 
same population still surviving in Palestine. There is no 
need of explaining their existence by a theory of their 
descent from the Crusaders. The survival of the ancient 
white race of Palestine is parallel to the survival of the 
ancient white race of Northern Africa, now generally 
known among French writers under the name of Kabyles. 
The Kabyles were at one time imagined to be the 
descendants of the Vandals, but we now know that they 
have inhabited the southern coast of the Mediterranean 
since the later Neolithic age. They are the Libyans of 
antiquity, represented on the Egyptian monuments, 
like the Amorites, with white skins, blue eyes, and 
dolichocephalic skulls, and similarly described by classical 
writers. They extended into Teneriffe and the Canary 
1 slands, and their long-headed skulls have been disinterred 
from the dolmens of Northern Africa. 

To the traveller who sees them for the first time 
the Kabyles offer a striking appearance. Their clear 
white skins, covered with freckles, their blue eyes and 
light hair, remind him of the so-called “ Red Kelts he 
has met with in an Irish village. They bear a high 
reputation for physical courage and love of independence, 
though at the same time, they seem to be an orderly 
people. Hut they have two characteristics which they 
share with the white race of Northern Europe. They are 
mountaineers, the climate of the African plains ^tng 
apparently too hot for them, and they are distinguished 
by their tall stature. 

These were equally the characteristics of the Amorites 
of ancient Palestine. The Jews declared that their 
“height was like the height of the cedar/^ the Semitic 
tribes by the side of them seeming to but “ grass^ 
hoppers,” and the iron couch of Og, the Amorite kiqg of 
Hashan, preserved at Rabbath, afterwards the capic^ of 
Ammoh, excited the wonder of later. jgeneralions on 
account of its size. 

The Amorites also occupied the whole of the moun- 
tainous district of Syria and Palestine from the neigh- 
bourhood of Kadesh in the north to the desert southward 
of Judah, and on the eastern side of the Jordan they 
ibunded the two kingdonas of Bashan and Heshbon. In 
the mountains of Moab and Seir they formed the abori- 
ginal population, partially dispossessed by .the Semitic 
tribes of Moab, Ammon,, and Edom, and the name of 
Horite under which they went in Edom is be^ exploited 
as meaning “ white,” in contradistinction to the Setpitfe 
Edomite or “red-man.” A passage in the Pentateuch. 
(Numbers xiii. 29) expressly states that along wi£hnhe 
Hittites and Jebusites they inhabited the mountainous 
region, while the Canaanites dwelt oh the coast and (he 




valley of the Jordan. That Jebusite simply meems n 
cross between llittite and Amorite is cl^r frorh thb 
statement of Ezekiel (xvi. 3, 4, 5) that Jerusalem, whose 
old name of Jebus gave rise to that of Jebusit^was born 
of a Hittite mother and an Amorite father. The Egyip*- 
tian monuments bear witness to the same “ interiockii^ ^ 
of Hittite and Amorite. 

There is vet a third characteristic which has been 
ascribed to the white race of Northern Europe. It has 
been brought into close connection with the dolmens 
which cover so large a part of its territory. Faidhetbe 
and others have traced a continuous line of dolmens of 


similar construction along the northern coast of Africa^ 
through Spain, Portugal, and France, into the British 
Isles. No one. indeed, who has examined the famous 
dolmens of Roknia, in Algeria, can fail to be struck by 
their resemblance to the sepulchral cromlechs of . our 
own country. If they arc really due to the genius and 
influence of a single race, it would seem that the race 
moved from north to south, since the ohfects found in 
the dolmens of the south of France betray a mm 
advanced stage of culture than those found Jn ihje 
north. I 

The chief objectfon liitherto raised against asMbing 
these dolmens to the ^he race with whom they me 
associated has been thm similar megalithic monuraentB 
exist in Palestine. Over 700 have been discovered in 
Moab on the eastern side of the Jordan, Major Cond^ 
has drawn attention to others in the basaltic in 

the neighbourhood of the ancient Dan, and though none 
have as yet been observed in Judah, this is probably due 
to the fact that the attention of travellers has not 'been 
called to them. 1 have myself come across a fine 
specimen on a hill to the south of Jenin which had been 
overlooked by the Palestine Survey, and that megalithic 
structures once existed in Judah is evident from ihe 
occurrence in the Old Testament of names like Gil^ or 
“ Stone-circle,” and Ai or “ cairn ” (Joshua viil. ’ U 
will be noticed that they are especially plentiful on (be 
eastern side of the Jordan, where the two chief Ambrite 
kingdoms once fiourished. Just as the dolmens df 
Northern Africa were the burial-places of the anceatorS of 
the Kabyles, so tradition affirmed that the Amorite king 
of Ai had bMn buried beneath a cairn of stones. 

The discovery that the Amorites of Palestine w«W 5 
racially allied to the ancient Libyans opens up Qthzu 4 i> 
gtcal and archaeological questions of considerable intereat 
These cannot be touched upon here, but must be memA 
for a future occasion. It is sufficient for the prentnt to 
have drawn attention to a new and curious etbnologlcbl 
feet. AH. 3AVC». 


ENGINEERING SCHOOLS. 


at a time when so much is being said about the need 
for technical education, especially in engineering, 
the following letter will be read with interest 


Engineering Sehoal, Trinity College^ Dublin^ 
June 1888, 

Dear LOun ASkbqurne,— As you have requested me 
to draw up a statement of the claims of engtnwring 
schools to be recognised by the Civil Bervicc Coxb-* 
missioners as afifording part at least of the techoioal 
training required of candidates for engineering CWS 
Service appointments, 1 send you the following acfnOUbtr 
lAilow me, in the first place, to state that I am 'Mt 
advocating the claims of our Engineering School jhern^a 
in any way distinct from that of many other .iSwcMdiMb 
engineering schools that exist. For festance^ thcrSnri^ 
Gouernment is so Cully convinced of tlmhbsoiuteJBea ti wt ^ 
for a pix>per technical scfeoQl training for eoginemb ^i^l^ 
it reqtdH^ all candidates for Imfian engineering ggfieifofet 









to go through Cooper's Hill Engineering School ; 
And yet the Home Civil Service do not in any way even 
recQgme the very same technical training given to other 
sih&ts who stay at houi^ as of any value at all. 

iThO ^hetniction given in engineering schools is of two 
kfllds;-^- 

I. Lectures and demonstrations in mathematics, me- 
chanics,^ physics, chemisti^'^, geology, &c. ; and in the 
rfae^ practice of engineering, surveying, &c*, &c. 

IL Practical training — 

(^) Practical' work in laboratories and workshops in 
ntecnanics, riiachines, physics, chemistry, and field-work 
in geology. 

(р) Drawing and office work, including designing, 
makiiffi out specifications, taking out quantities, &c., &c. 

(с) Practical surveying, and all manner of field work 

(«/) Inspection of works in progress. 

it will be observed what a large and important part of 
the training given in a school cannot be obtained in 
an office at ail. All the instruction in mathematics, 
mechanics, physics, chemistry, geology, &c., and in the 
theory of engineering, and all the important practical 
laboratory training in these subjects, can only be obtained 
in a school ; and unless an engineer has been properly 
practically taught these things before entering on his 
profession, it is almost certain tnat he will never learn 
them. In the other more especially engineering parts of 
the course there are several great advantages in the 
school course over the office course. In the school, in 
the first place, the student is under the constant instruc- 
tion of teachers whose time is devoted to instrivcting the 
student, and explaining to him the principles upon which 
his work depends ; and, in the second place, the course of 
instruction covers as wide a range of subjects as is con- 
sistent with teaching each properly. In the office, in the 
first place, the apprentice has to pick up what instruction 
he can, and is generally content with a rule-of-thumb 
knowledge, that may desert him at any really critical 
juncture ; and, in the second place, in any one office the 
work is yearly becoming more specialized, so that an 
apprentice will have experience of only a small range of 
subjects, and, not being acquainted with the theory of 
even these, will be incompetent to engage in other work. 

There are, of coui-se, certain things, such as facility in 
numerical calculation, and perhaps in the use of field- 
instruments, acquaintance with the details of specifica- 
tions in a particular class of work, familiarity with prices 
at a particular time, and an opportunity of seeing designs 
carried into execution, which cannot be as well obtained 
hi school as on works The object of a school being to 
teach, and of worics being to pay, neither can completely 
supply the place of the other. As a course of technical 
training for a young engineer, the school course is out of 
all proportion the more important What can be learnt 
(rota the office course will certainly be acquired, while 
what can be learnt from the school course will hardly 
ever be acr^uired, unless learnt before beginning the 
practice of bis profession. In this age of technical edu- 
cation it is practically certain that in a few years no 
engip^r will be recognised as such unless he has had a 
pfroper technical school education, just as in the medical 
predbeaion it has long ago been reeognized that, without 
a ))ropor medical school education, it is impossible for a 
doctor to learn the many sciences upon wnidi the sue- 
ceaefitl practice of his profession necessarily depends. 

Smitunt engineers who have had experience df students 
taught HI engineering schools hold opiniems similar to 
those hero enunciated. Our late Professor of Engineering, 
Mr; Criiwfbrd^ whose engineerttig eofiperience i» world* 
addbyis df this opinion. Mri Stoney^ Engioeer 

to DuhMh Pert and Books Board, is ef the Same 
epittibh. Both these have had experience er school- 
studeftis, and thii^ that the propbreottrse ibr a 
to pur^^ is to go cotirso of 


instruction in a properly-equipped school, and then to go 
for a year on works. They consider that a year on workfi 
is required to complete tiie education of an cogineer, and 
they think that a short time on works is quite sufficient fisr 
a student who has already gone through an engineering 
school. Mr. Stoney, for instance, takes students who 
have befcn through an engineering school as apprentices 
for one year, although he will not take untrained 
apprentices for so short a term. 

Foreign Governments in general require all who profess 
to practise as engineers to go through a proper technical 
school training, and it is a serious difficulty m the way of 
English engineers who endeavour to obtain employment 
on the Continent that, even though they may have been 
trained in an excellent school, yet this is not recognized 
by foreign Governments, because our cngineeringschools 
are in no way recognized by our own Government. 

The Civil Service Commissioners should endeavour to 
encourage the proper scientific training of the engineers 
they receive into the public service, and they can do so by 
recognizing the years spent in an engineering school as 
equivalent to the same number of years of the technical 
training that is now required. In the more important 
appointments, which at present require five years’ technical 
training, the candidate would have to supplement his 
school course by an office course of at least two years ; 
and this, in the opinion of eminent engineers, as quoted 
above, would be amply sufficient. In the case of the less 
important appointments, the school training is probably 
much better than what satisfies the Commissioners at 
present ; but if it is thought that the special qualifications 
of an office-trained apprentice are essential, they can 
be easily secured by requiring in every case at least one 
year's office experience. 

The Civil Service Commissioners should, before recog- 
nizing any engineering school as giving the instruction 
qualifying a candidate to compete for an appointment, 
inspect the school, and see that it is properly equipped, 
and has the means and teachers required to teach what it 
professes. For instance, in some schools there is no 
special instruction in architecture, and this special teaching 
should be required of any school that was recognized as 
qualifying candidates for specially architectural appoint- 
ments. Similarly, m the case of mechanical engineering, 
some schools have not the means of teaching it properly, 
and these schools should not be recognized as qualifying 
candidates for specially mechanical engineering appoint- 
ments. A school that teaches civil engineering should be 
recognized as such, and only as such ; and similarly, one 
that only teaches mechanical engineering should be 
recognized only as such In the case of medical appoint- 
ments, the State recognition of schools is already fully 
carried out, so that there can be no insuperable difficulty 
in doing the same in the case of the engineering 
•appointments. 

if the Civil Service Commissioners require further 
information as to the instruction imparted in engineering 
schools, it would be well fot them to inspect University 
College, London, the City and Guilds of London Instftuter 
and Cooper's Hill, all ot which are easy of access from 
London ; and if they require further information they had 
better appoint some competent Committee to inspect and 
report to them generally as to the training given in 
enmneering schools, and .as to whether they give a 
te<^nwal training that the Civil Service Commissioners 
would recognise aa equivalent to some years spent in an 
office ; and, if not, how the schools should modify their 
courses so as to give this iisstraction. Statements as to 
the Hatnre and value of instruction made by those 
imerested in it and respcmsible for it are not so valuable 
as independent testimony. 

In ccmclusiohvl would earnestly press upon the Civil 
Service ComtssMoners the very ^eat desirability of their 
eneeutBgiiiBvidfntificaily^tnttned candidates to apply fiar 
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aj^intments in the Civil Service. The application of 
scientific principles to engineering is the special feature 
of our age» and instruction in these principles, and 
practical training in their application, should be part of 
the training of every engineer ; and this can only be 
acquired in a properly* equipped school. A want of 
famitiarity with details will surely be remedied, but a 
want of scientific knowledge will be a lasting cause of 
danger to the public. 

Yours very truly, 

George Francis Fitzgeraij). 




THE GAPE WOPM OF (SYN GAM US 

TRACHEALIS). 

I N the Bulletin of the Buffalo Society of Natural 
Sciences, vol. v. No. 2, 1886-7, is a paoer by Dr. 
H. D. Walker, which does not appear to have been 
noticed in this country, on ** The Gape Worm of Fowls 
{Syngamus irackealis). The writer claims to have dis- 
covered that the common earthworm {Lumbricus ter- 
restris) is the intermediate host of this well-known 
parasite, and to have observed it in all stages of its 
development. He further suggests the use of common 
salt on infected poultry runs to secure the extermination 
of these noxious pests by destroying the worms which 
harbour and distribute them. 

The series of experiments by which he has arrived at 
his conclusions are interesting, and afford strong presum- 
tive evidence of their correctness. The earthworms were 
carefully dissected and examined, the embryonic form of 
Syngamus being found in them, “ differing but slightly in 
structure, teo far as. can be discovered from the embryo 
which has passed through one moult after the egg has 
hatched in water. 

The question may be asked : Why should it differ at 
all if it IS the same? It may be suggested that earth- 
worms are themselves subject to various intestinal para- 
sites and that the embryonic forms of many species and 
even genera are scarcely distinguishable from each other ; 
but with a view to obtaining corroborative evidence Dr. 
Walker fed some chickens with worms obtained from a 
place where Syngamus had not been noticed. These 
chickens did not develop the gapes. An Examination of 
worms from this spot showed them to be free from 
embryos such as were found in others. The double 
observation certainly points to the probability that in the 
first instance the embr>'0 of Syngamus had been rightly 
recc^ised. 

Embryos were also found in the oesophagus and in the 
lungs of birds to which earthwonns taken from an infected 
locality, but carefully washed and cleansed externally, had 
been given. 

The only link apparently wanting to complete the chain 
of evidence is to determine the manner in which the 
parasite (if it be truly the embryo of Syngamus) makes 
Its way into the intestinal canal of the earthworm. 

Dr. Walker concludes that it is taken in with its food. 
His evidence upon this point is chiefly negative. Eggs of 
Syngamus were placed on damp earth in a dish to which 
living earthworms were added a fortnight later. Afier 
ten days chickens were fed with these woyms, but were not 
attacked. This experiment would have been more com- 
plete and perhaps conclusive if the worpis had been 
supplied at the same time with vegetable food. Unless 
the worms were fed, the only means of entry for the 
embryos of the parasite must have been by boring through 
the outer integument of thei^ bodies, which is not 
suggested. 

Dr. Walker notices and examines somewhat critically a 
paper by Dr, Pierre M^in, published under the 
auspices of the Entomological Society of London in 1883, 



in which the author, al^ % minute inquiry 
history, habits, and development of ^ 

came to the conclusion that the eph 
spread, first by ** food or drink which J) 
with e^s or embryos ; secondly, (by) 
themselves, which are constantly diss 
of the parasite ; and therefore all 0 
perfect insects, larvae, or mollusks (for C 
of ants, which are the habitual food of youngil 
have been suspected, with some a^^arance ^ 
may be acquitted of any share in speeadiM the dilea|e." 
The American author disputes theseiliphdlu^ns. Admit- 
ting that the eggs will hatch in w^^r> Ond that fhe ,, 
embryos may be taken in by birds drinl&g witi^ 

he finds no instance, after repeated^ expE'I^Mnts, in'" 
which eggs swallowed by a bird lutve p^odpcsad thp, 
disease, and although he thinks exertional caTl 
might occur, he concludes that the thjstrumentaUty of'^e 
intermediate host is not ordinarily dispensed, This 

is the only material point in which Walker <^ers from 
Mtfgnin, and there is nothing in Walker^a diroveiiies to 
impair the accuracy of Mdgnin's observations, as 

they go. Dr. Walker's observations on the strueSmf Sttd , 
development of the parasite from the egg thro^h^'ita ' ^ 
embryonic stages agree substantially in all other respects 
with those of Dr. Mignin, except that he believes ‘'the egg 
of Syngamus within the perfect worm just arrived at 
maturity does not contain a developed embtyo," whereas 
M^gnin found embryos quite perfect and living in qggs 
not yet freed from the decomposing bodies of fenuue 
Syngafm attached to the tracheal mucous of pheasants 
that had died of gapes," 

The discovery of the distribution of these parasites 
through the instrumentality of earthworms, which are un- 
doubtedly a favourite food of all young game birds, as 
well as of domestic fowls, is esf^clally interesting to 
game preservers, and the theory is strongly supported by 
their experience. 

First, if, as Dr. Mdgnin believed, the eggs could be 
hatched only in water, a gamekeeper could have counted 
upon reducing to a minimum the risk to his artificially- 
reared birds by depri\ing them of water and feeding 
them upon food carefully moistened with pure spring 
water only, or more conveniently, upon iwater that had 
been first boiled. Many have followed this rule habi- 
tually and with good results, but certainly without se- 
curing any immunity from occasional outbreaks of the 
“ gapes disease." Secondly, all who have had any exper- 
ience in rearing pheasants or partridges, or have observed 
the growth and health of broods of the young of these 
birds in a wild state, must have noticed that vepr dry 
summers are much more favourable to the maturing of 
full broods and coveys than those in w^ich a greater 
degree of moisture prevails, but if after very dry weather 
copious showers or very heavy dews moisten the surface 
of the ground when the birds have not yet attained their 
full growth, an outbreak of gapes is almost certain to 
follow, and is very rapid in its effects. So long as the 
ground is hard and dry earthworms do not come to the 
surface, but whenever it becomes sufficiently moistened 
to permit them to throw up their casts and to reach the 
surface, all species of birds of which they form a nalnral 
or favourite food are eager to seek and to devour them. 
The birds named by Dr. Walker as those in which 
Syngamus has been found arc, with the single exception 
of the swift, all worm-eating birds. He does not mention 
on what authdrity the swift is included in the list, hut it is 
difficult to understand, if water is to be regarded as the 
only medium of conveyance for this parasitic diaeaee, 
why many other birds should not also have been foima 
to be affected by it. We believe Dr. Walk«r*s discowy 
has been received in America with Some incredulUy^ but 
aMit from tkt careful observations and experimep;^ m 
which he relies, the accuracy of which there seepis tp be 
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NOTES. 


. ^Icience wji|| be glad to leam that| at a meeting recently 

Md |S|t br. Geqpge ^bnson*s house, it was proposed to make 
Sir William iBoWma^ some acknowledgment of the appreciation 
m which he is hei|||jl on account of his high character, and pro- 
InssionaLMd scient^c attainments. A portrait of himself was 
suggcjKttd^ ^nd aliii^f possibly, a reprint of some of his publica- 
tkms. Dr. Geotf^ Johnson, Mr. J« W. Hulke, and Prof, 
^rdon Sandersoti n^fid^ook to see Sir William Bowman, and 
asK his acceptance of the proposal. This consent having been 
received^ ^ E^oviaional Committee was at once constituted, at 
whose invitation a number of eminent men of science formed 
theni^veB into the first list of the Committee of the Bowman 
Teibonial Fund/' As tbU body is already large and widely 
s^tteied, the practical carrying out of the scheme has been 
relegated to a Sob-Committee, consisting of the Treasurer (Dr. 
George Johnson), the Secretaries (Dr. W. A. Brailey and Dr. 
W. H. Jessop), Mr. Power, and Prof Klein, It is not pro- 
posed to place any limit in either direction to the amounts of 
indiyidual subscriptions, though the Committee are generally of 
opinion that large subscriptions will be found unnecessary, and 
that the compliment is a greater one when paid by a longer list 
of comparatively small subscriptions. They also hope that the 
funds will allow the distribution of a good reproduction of the 
portrait to subscribers of at least two guineas. Mr. Frank Holl, 
whose sudden death is deeply deplored by all who interest 
themselves in English art, had undertaken to paint the portrait. 

In the House of Commons on Tuesday Sir H. Roscoe asked 
the Chancellor of the Exchequer whether the astronomical 
instruments for the international photographic survey of the 
heavens, recommended by the Royal Societies of London and 
Edinburgh and the Board of Visitors of the Greenwich Observa- 
tory, the estimates for which had been forwarded from the 
Admiralty some months since to the Treasury, were yet ordered ; 
and, if not, whether, in view of the fact that all the thirteen 
other sets of instruments were ordered by foreign and colonial 
Governments last year, and consequently the British Observa- 
tories would be placed at a serious disadvantage, Her Majesty’s 
Government would be prepared to put the necessary amount on 
the Estimates in order to avoid further delay. To these ques- 
tions the Chancellor of the Exchequer returned the following 
answer: — “The astronomical instruments required for the 
international photographic survey of the heavens have not yet^ 
been ordered, and the House will soon be asked to vote the 
necessary funds, It is, Z believe, the cate that thirteen instru- 
ments have been already ordered by diflferent Powers and public 
bodies, but the hon« member is mistaken in supposing that all 
tbe Powers whose oo-operation U contemplated have as yet 
ordered their instruments. On the contraiy, two of the Great I 
Powers, so far from oedeHngt their instrumenU, have not yet j 
definitely declared their intention to take part in the work. I ! 
do not think there is any cause to fear th^ Great Britain will be 
behindhand in the matter.** 

Auono the Civil List penskma granted during the year ended 
were the following ;-^To the Rev. F, O. Morris, 
m leCjOfnitian of his meriu as a natnralist, jfioo; to Mr. 
William Kitdmn Parker, F.E.a, in recognition of his services 
to mieiice as an investigator, jf loo j to Mrs. Balfour Stewart, 
in rStPOgnUion of the mrtioti render^ to aciehoe l^her late 


The summer meeting of the Institution of Mechanical 
Engineers was opened at Dublin on Tuesday. In his Presi- 
dential address, Mr. Carbutt did not confine his remarks to 
purely mechanical subjects, but drew the attentk>u of the 
members to some statistics relating to the population of Ireland 
and to Irish agriculture and industries. Mr. Carbutt expressed 
a decided opinion to the effect that more money should be spent 
in Ireland on edneation, and especially on technical education. 
“ What I mean by technical training," he said, “ is teaching 
children to use their hands and eyes, and also giving them such 
practical acquaintance with the applied sciences as may bear 
upon the industrial employments in their district. I hope the 
valuable speech on the need of technical education, made by the 
Marquess of Hartington at our annual dinner in May, will be 
widely read. 1 may refer to the work done in the agricultural 
school at Glasnevin, three miles out of Dublin, of which Mr. 
Carrol is the head. To this school is attached a farm of 180 
acres for teaching practical farming. The Munster dairy school, 
started in 1880 with a farm of 126 acres, is quite full, and 
frequently has to refuse pupils. The Government grant to these 
two schools is £26^1. The Baltimore industrial school, tbe 
Public Works Commissioners state, will practically be a technical 
school of fishing. The Belfast technical school is very successful 
in training pupils in flax cultivation and spinning. Dairy schools 
have been established twenty years in Denmark, Sweden, 
Germany, and Normandy. Let me give an example of what the 
result has been in Denmark. A Report on agricultural dairy 
schools has been lately presented to Parliament from a Depart- 
mental Commission presided over by Sir R. H. Paget, M.P., 
which states that in i860 the British Vice-Consul at Copenhagen 
reported that the butter made in that country w.is execrably bad. 
What has happened ? Denmark has now ten State-aided dairy 
schools, with the result that her exports of butter to the United 
Kingdom have increased as follows 

1867 80,000 cwts., value 422, 479 

1S77 210.322 „ „ 1,347,79* 

1887 487.603 „ „ 2,669,123 

In France theoretical and practical lessons in agriculture are now 
given every week in the primary schools ; and a circular has 
been issuecl inviting the municipalities to provide for every dig. 
trict a demonstration plot of not less than half an acre for the 
purpose of applying the principles taught in the school.’* 

Two rather striking speeches on education were delivered at 
the Sorbonoe on Monday at the distribution of prises to the suc- 
cessful students of tlie great secondary schools of Paris. M. 
Blanchet, Professor of History at the Lyc^e Charlemagne, while 
expressing a high opinion of the value of the ancient classics in 
education, urged that methods of instruction should be adapted 
to the avlual wants of the present day. He quoted the follow- 
ing passage written by Fleury at the end of the seventeenth 
century : “ It seems to me that we bught to accommodate our 
studies to the present state of our manners, and to study those 
things which are of use in the world, as we cannot change this 
use so as to accommodate it to the order of our studies." 
“Truly,” said M. Blanchet, “these old pedagogues were great 
revolutionists. What is new in the history of French pedagogism 
is not the spirit of innovation and progress but that of routine." 
M. Ixxkroy, tbe Minister of Public Instruction, spoke in a 
similar tone. It was essential, M. Lockroy pointed out, that 
Frenchmeh should know what was said IMiilVidlAiten beyond their 
frontiers. Scteuce was progressing emywhefe; and they should 
be able to foHow its progress abroad, especially in Germany and 
England. That Was one reason why the modem languages had 
such a strong claim on the young of this generation. M. Lock- 
roy protested afftiinst the notion that anyone thought of destroy* 

I xng Greek and lAtin studies. But these studies were not the 
I only KdoftiOD ot the very complicated problem of modem educa- 
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lion. Accordingly, he had thought ic right to take on opportunity 
of stating that the problem was> receiving dose attention* The 
UnivcTdity waa anxious to study it, and would bring to the 
work, its high sentiment of duty, and its passion for the public 
good. 

Oh Monday Mr. ^oworth asked the Under^Secretary of State 
for Foreign Affairs whether, in view of the contiouonts and de> 
plorable destruction of the ancient monuments of Egypt by 
travellers and other'^, and of their incomparable value and 
interest, it would be possible to appoint some Engineer officer to 
make a survey of those monuments and to have aistody of them 
in future. Sir J. Fergusson replied that it rested with the 
Egyptian Government to take the necessary measures* A 
Special Committee had l>eea appointed to consider what ought 
to be done in the matter, and it had been decided to levy a 
small fee for seeing the antiquities. This wotdd to some 
extent increase the sum which it was possible to devote to the 
preservation of ancient monuments, 

ThkHe is no difference of opinion as to the great variety of 
uses to which aluminium might be applied if it could be pro- 
duced in sufficient quantities at a reasonable cost. Hitherto it 
has been produced, si]most entirely in France, by the Oeville 
process; and this process involves so con-iderable an expendi- 
ture that the results have been by no means satisfactory. About 
seven years ago, Mr. 11 . Y. Costner, of New York, began 
experiments in that city with a view to improve the Pev lle pro- 
cess and cheapen the cost of aluminium by reducing the- cost of 
producing the sodium from which it i-s obtained. Two years 
since, Mr. Castner erected experimental works at Lambeth, 
where he succeeded, after nearly eighteen months of further 
experimentation, in satisfying a number of men of science and 
others that he could produce sodium at one- fifth and aluminium 
at one-third of the cost previouOy incurred. A company was 
thereupon formed in order to take up and work the Castner 
patents. In October last the foundation-stone was laid of new 
works at Oldbury, near Birmingham, for the production of both 
sodium and aluminium on a large commercial scale ; the works 
were virtually completed^ and the successful manufacture of these 
products was begun about a fortnight ago ; and a large number 
of gentlemen were invited to visit the works on Saturday last, 
and witness the processes in actual op .'ration. ^ Among those 
who accepted the invitation to be present were the Right Hon. 
A. J. Balfour, M.P., a trustee for the debenture-holders; Sir 
Frederick Abel, C.B., F.R.S. ; Sir Henry Koscoe* M.P., 
F.R.S. ; Lieut. -General Sir Andrew Clarke, G.C.M.G., 
C.ll. ; Prof. C. Roberts-Austen, F.R.S., of the Mint; Prof. 
I>cwar, F.R.S. ; Hr. Crookes, F.R.S. ; Dr, Hugo Muller, 
F.R.S. ; Lord Rayleigh, F.R.S. ; Prof. Huntingdon, and 
others. According to the Times, only one opinion was expressed 
by the gentlemen who visited the works — some of them among 
the highest authorities on the subject— as to the practical 
success of all the operations witnessed, and the admirable 
arrangement of the plant employed. Mr. Castner was fieely 
complimented on the skill and success u ith which he had 
developed his system. 

Dr. Hans Reuse k, of the Norwegian Meteorological In- 
stitute, who is engaged in collecting particulars of the earth- 
quakes. which occur in Nonea/ yearly, has issued his report for 
1887, from which it appears that earthquakes are fhr more 
frequent in Norway than has hitherto been imagined. Reports 
werci received of twenty-three, all of which were faint,, except 
three. One occurred on tlte. night of May 7 in the Bihnuitel 
Islands, on, the west coast, and vw aocompaoied.hy sabterrmnean 
detonations, another in the Islands of Vsero and Rost, at the 
extreme pcdni of the Lofodden Group, where dwt and win- 
dows clattered and the siates em the roofs were pkebed ofil 
Agsdo, on November 5^ a. severe shock of earthquakewos feH At 


Bodd, on the north-west coBst. Of the mhmr shocks these 
frequently occurred on the Vttero ate particularly rettthihnb^ esr, 
this island lies far out in the ocean, off the coast of $vndQairdi ^ 

The International Meteorological Committee will hoM Its 
fourth meeting at Zurich on September 3. This will be the 
final meeting of the Committee as so constituted. Fonr vatlotw 
reasons it has been found impracticable to organize an Inter- 
national Meteorological Congress, more than one Government 
having declined to take part in such an oswitiblage. It is prob- 
able that, in future, occasional meetings yrtll be held of w body 
to be composed of the chiefs of the various exiiking meteoro- 
logical services, to w'hose meetings nothiiif ^ of a diplomatic 
character will attach. The arrangements connected with such 
Conferences have yet to be made. 

In the American Meteorological for June, Mr. A. I,. 

Rotch describes the meteorological organization of Austria imd 
the independent observatories in connection with the Central 
Institute (not including those of the Hungarian service). There 
is a regul.'ir telegraphic weather service, but no storm warnings 
arc issued ; an agricultural service, however, exists in, the 
summer season. The pressure at the high mountain stations is 
reduced to the level of 2500 metres. Mr. G, E. Curtis con- 
tributes an article on the trans-Mississippi rainfall, wdth 
reference to the popular belief that the rainfall is increasing in 
the Middle and Western S.ales, the increase being attributed to 
the building of railroads and the extension of cultivation. 
Whether the amount of rainfall has actually increased or not 
does not appear to be proved ; the author points out, however, 
that the b’eaking*iii) and tillage of the soil have increased its 
moisture, and with the growth of vegetation there have come an 
increased humidity of the atmosphere and a more general 
diffusion of rainfall. As an evidence of this result it is stated 
that the streams have a much more even flow than formerly. 
Dr. A. Woeikof offers an explanation of the different views of 
Mr* A. Hazen and Dr. Haun as to the general “inversion of 
temperature” in areas of high and low pressure. Mr. Haeen 
objects that the statement that, during the passage of anti- 
cyclones, the temperatures on high mountains are high in winter, 
is not applicable to Mount Washington, and thus m> law aiall. 
Dr. Woeikof supports Dr. Hann’s views, and explains that the 
exception pointed out by Mr. Hazen may be due to ihe diRerfint 
type of weather in the Eastern Slates and in Europe^ and to 
the greater rapidity of the passage of anticyclones in theTormer 
locality. 

Another contribution to the chemistry of the rare earths, 
by Drs. Kriiis and Kieseweltcr, will be found in the current 
number of the Berichte, The somewhat startling results pub- 
lished a year ago by Drs. Kriiss and Nilson, involving as they 
did the announcement of the existence of a large number of 
new chemical elements, appear to receive additional confirtnA- 
lion by this subsequent work undertaken by the two former 
chemists. They are not 3ret in a position to announce the com- 
plete isolation of any one of these new elements, but so otudi 
)>ragrefis has been made in this direction that a mixture canttio- 
ing only two of them in any quantity has been arrived at. The 
task of separating these eleraentaiy constituents fh>m the mioeiils 
which have hitherto been examined appears, in the face of. the 
fact that their properties are so similar — their known salts bieitvg 
almost equally soluble, and the basicities of their oxilttes. so 
nearly alike--well-nigh impossible. But the resulis of 
.ixttetcni of u Is^e number of Scandteavten 
Nature herself, with her infinite resssicto of time* mid' oispiMvi* 
stance, has partially, possibly in some yet mhivewti^ iostanee 
completely, pertbiined this loni^ and lobeiioiii 

minemU from the aeme ptaee, and evoti tto same 
mteeml from diluent locxdUies, are stiown' by /the sik*arpfi0n* 
spectra of their' nitrates to consist of diffierent omtiteAie la 
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Hence, by efkteodmg the obsenratiotiA over 
of itpecimenfl It in possible to find a few which 
cboti^ only a ■mall nutnber — one, two, or three— of these new 
elements In any oonsideTable qaaotlty. Working upon this 
pi|nci{»le, X)rs. KrUss and Kiesewetter have been fortunate in 
difleamliig a mineral, yttro-titanite of ArencUl, the ahsorption- 
speCtrum of whose nitrates indicates the presence in large 
quantity of only two elements, vis, that constituent of dtdymium 
tewned DiS, and the constituent XC of holmium. The bands 
of these elements are very intense, and arc of wave-lengths 
521*5 and 452*6 respectively. Samarium is entirely absent, but 
there are small quantities of constituents of erbium and thulium 
preaent. However, the Di 9 and XC so lai^gely preponderate, 
that their fractionation is being undertaken. This happy dis- 
covery goes very far to prove the accuracy of the deductions 
made by Kruss and Nilson, which have causetl so much discus- 
sion in chemical circles ; for of the elements composing the 
mixture called didymium we have here only one of them, and 
of the constituents of holmium we have likewise but one repre- 
sentative. Therefore the comiiound nature of didymium and 
holmium may now be taken as proved. 

At the meeting of the Scientific Committee of the Royal 
Horticultural Society, on the 24th ult., Dr. Masters showed 
rip^ fntits of the Plymouth strawberry, grown from plants pre- 
sented to him by Mr. G. F. Wilson. This curious monstrosity 
ifl on alpine strawberry, in which all the parts of the flower 
are more or less represented by leaves. The plant was men- 
tioned by old botanical writers, but afterwards disappeared, or 
was so completely overlooked that its very existence was as- 
sumed to be a myth. Of late years, however, the plant has 
reappeared in several gardens, anti the correctness of the old 
writers has been vindicated. 

PLASTaa-oi?- P aris models of the bed of the Atlantic Ocean 
and of that of the Carribean Sea have been sent by the United 
States Hydrographic Office to the Cincinnatti Exhtbition. They 
were made by Mr. E. E. Court, of the Hydrographic Office j and 
the charts from which they were constmeted were carefully revised 
by Commander J, R. Uartlctt and Lieut. J, L. Dyer, respec- 
tively former and present Hydrographer. Sci^mc suggests that 
dupUcates or even photographs of these models would be of very 
great value in the teaching of physical geography. That of the 
bottom of the Atlantic would, says our American contemporary, 
give a pupil more actual instnict ion in a quarter of an hour than 
could be obtained by a week’s study of descriptive text. This 
model, it seems, shows many things that will be .^^urprising to 
almost every body except the expet t hydrographer. One of these 
is the great height of many of the small islands from the ocean’s 
bed, when compared with their area either above the surface of 
the water or where they rest upon the bottom of the sea. This 
he^ht is exaggerated in the model by the perpendicular scale 
being made fifty times as great as the horieontal scale ; but, even 
allowifig for that, iheae ishmds atand up like tall, narrow, trun- 
cated cones, many of them not beii% more than twice as far 
across at the base as at the iop. 

Ticfc .United States FUh Commission lately sent off to 
Callfisnua 600 live lobsters, 350 of which arrived safely at 
Saoramenta Several attempts had previously been made to 
sertd^m lobsters across the North American Continent, but had 
faUe 4 * In the present inatatree, as we learn from Colonel 

MWooald, Fish Commissioner, personally superintended the 
paekhig of she lobsters. A crate cMr box devised by the late 
OrtpMdn .^Chester wm uted^ l^hts wis placed within another 
bet, the intervening space beirit; fUted with pouftded ke* 
lQ:ihn hmer box the kfbiterswere ptap^ between layers <ff rock- 
wne^ which at times was moistened .^h sea-water. Each box 
hi 44 n ^Independent drsk^ so that. ths Jtesh water from the 
nmiting ioe e^d nol water the lQfatster'>boHr The temperature 


of the latter was kept at 45’ F. A Fish Commission car was 
used, the boxes along the side of it serving as the outer Ik>x of 
the combination described above ; one hundred crates, each con- 
tstniug six lobsters, being placed tn them, and survounded vilth 
ice. Each morning before sunrise a careful inspection of the 
lobsters was made, and thore that had died were removed. The 
first day 45 died ; the second day, 55. After that the mortality 
was much less. All of those that died w'ere in an advancefl 
state of shedding, and were m poor condition when they started. 
One half of the 350 lobsters that arrived safely on the Pacific 
coast were placed in the ocean north of San Francisco, and the 
other half south. The condition of the water in that region is 
similar to that of the Atlantic off the Massachusetts coast. The 
temperature is about the same, but is more constant. The 
lobster on the Massachusetts coast crawls out into deep water hi 
the rummer, where the temperature is low, but it is thought that 
the equable teraperalurc of the Pacific will enable the lobster in 
those waters to spend the whole year in one 8i>ot. 

An account of two interesting old globes in the library of the 
Middle Temple will be presented in the next volume of the 
Hakluyt Society’s sericK. These globes, one terrestrial, the other 
celestial, were made by K. Molyneux in 1593, and were the first 
ever produced in England. The geography on the terrestrial 
globe was afterwards brought down to 1603. A description of 
the globes was written in Latin in 1593 by Robert Hughes, a 
mathematician of the period. This description wa^ rendered into 
English by Chilmead, of Oxford, in 1623 ; and Chil mead’s 
translation, which has been prepared for publication by Mr. 
Coote, of the Map Department of the British Museum, will form 
the tkUbstance of the forthcoming voluae. 'I'hc editor of the 
volume is Mr. Clements Markham. 

The Report of the Council of the North-Eastern Sanitary 
Inspection Association for iSdy-BS— the fifth financial year of the 
Aissociation — has been issued at Newcastle. Excellent work w 
evidently being done by the Association. One of its good deeds 
has been the formation at Newcastle of a permanent c-xhiintion 
of sanitary appliances. This exhibition was fitted up at con- 
siderable outlay by the Association as well as by exhibitors, and 
U open daily, free to the public, to whom it has proved of great 
value. **To see the best appliances in each department 
properly fitted," says the Report, “and to have any explanation 
desired freely given, where there is nothing on sale, are 
advantages that must be the better appreciated the more widely 
they are known. So far as known, there is no better permanent 
collection in the Kingdom.” 

In the Entontchgisf s Monthly Magazine for August, Dr. U. 
C. R. Jordan presents a list of species of Lepidoptera taken by 
him during a short vibil to Jersey. In this list there are several 
ilpecies which have not hitherto been known to occur in the 
Channel Islands. Dr. Jordan proposes that a Committee of 
working entomologists should be formed for the thorough 
investigation of all orders of insects inhabiting these islands. 

We have received the second supplement of Mr. John 
Wheldon’s Botanical Catalogue. It includes, besides a large 
number of bobks relating to botanical subjects, many Important 
works on ogricuUare. 

The Calendar of the Heriot-Watt College, Edinburgh, for 
the session iS88-il9, has been issued,; and it is satisfaclory to 
find that in this well-known htsuUdion provision is made for 
that higher commercial and technical education about which so 
much has lately been said. It is claimed that the College pos- 
sesses, In ks lecture theatres laboratories, and workshops, every 
facility for preparing young men for work as merchants, manu- 
facturers, or engincent, and for supplying in the evening such 
InstruoiiiOT asJs required 1^ those already employed in such 
oeeupatUma. 
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At a recent meeting of the Wellington Philosophical Society, 
Mr. J. W. Porteacue apoke of the rapid increase of deer that 
have been acclimatized in the New Zealand mountaina. Having 
had special facilities for observing these creatures, he proceeded 
to state some interesting facts as to their habits* At the close 
of his address Sir James Hector asked Mr. Fortescue, as an 
expert on the subject, whether the chief use of the antlers was 
not so much for fighting ns for facilitating the progress of the 
stag through dense woods. He bad considerable experience with 
the wapiti, in North America, and found that by throwing up 
the head, thereby placing the horns along the back, the animals 
were enabled to go forwnrd with great rapidity and follow the 
hinds. He asked this, as it had been stat^ at a previous meet- 
ing of the Society that the antlers tended to entangle the deer. 
Mr. Fortescue said that Sir James Hector was quite correct in 
stating that the antlers assisted the stags in penetrating dense 
forests. Mr. Higginson also bore out this statement from his 
experience in India. 

On July at ix.17 p.m., a brilliant meteor was seen in the 
province of SmAland, in Sweden. At Nexjd it was seen due 
east, falling perpendicularly towards the horizon, when it suddenly 
burst. 

DuRfKG the month of June severe frosts occurred in the north 
of Finland, doing great damage to the crops. 

Norwegian hunters returning from the Arctic regions report 
much, ice and severe storms. 

Zoological Gardens arc being laid out in Christiania and 
Helsingfors. 

The addiiions to the Zoological Society's Gardens during the 
past week include a Feline Douroucouli (NyciipitAecus vocifomns) 
from Savanilla, presented by Master Lester Ralph ; a Crested 
Grebe {/'otiUtps eristafus)^ British, presented by Mr. W. 
Nicholls ; a Brazilian CarUma {Cariama crisiaia) from South- 
East Brazil, presented by Mr. Fredrick Rose, jun. ; an Iridian 
Kite (Milvus gmtinda) from India, presented by Mrs. Dean ; a 
Green Turtle {CMo»f vindis) from the West Indies, presented 
by Baron Henry de Worms ; a Hawk's-billed Turtle {Ckelone 
imbncaia) from the Bahamas, presented by Mr. W. T. Manger ; 
a Corn Snake {CoMtr guttatus) from North America, presented 
by Mr. J. Garnett ; a Common Viper {IHptrd h€rHs\ British, 
presented by Mr. F. C. Smith ; a Virginian Fox {Cams idr^ 
^iniastus <^) from North America, dei>osited ; a Derbian 
Screamer {Chauna derhxana) from the Northern Coast of 
Columbia, a Prince Albert’s Curassow {Crax alhtrU 9 ) from 
Columbia, four Beautiful Grass-Finches {Po^phila mirabiHs\ 
four Gouldian Grass-Finches {Pot^phila gouidiac) from Australia, 
purchased ; two Rose-coloured Pastors {Pastor roseus) from 
India, received in exchange; two Collared Fruit Bats {Cyno* 
nycUris coUaris), two Mule Deer {Cariocus macrotis d 9 ), a 
Canadian Beaver (Castor caHOtimsis)^ a Thar (Capra jemlaica\ 
bom in the Gardens ; a Brazilian Cariama {Cariama cHsiatet^^ 
bred in the Gardens. 

OUR ASTRONOMICAL COLUMN. 

Variable Stars. — Mr. Sawyer gives, in Nos. 174 and 176 
of Gould's Astronomical yournal the results of hU observations 
of variable stars In the year 1S87. The following are the 
observations for the more regular variables : — . 

R Virginis M June 17 Mag. 7-1 Calculated June xz 


S Corona M Apr. 19 7*1 Apr. 6 

K Lyne M Sept, 9 Aug. 31 

M Oct. IS Oct. 16 

m Nov. 10 Nov. 16 

M Nov. 29 Dec, i 


The calculated dates are those which have beengiveiriB Natokv 
I n the column headei ** Astronomical Phenomena/' U Mono- 
ccrotis was observed at maximum on fan. 15, Mar(^4, Apdl ^ ; 


and at minimum Feb. 18 and April 6 ; R Scuti was observed at 
maximum on Oct. 37, and at minimum on Sept. tatuid Nov. 23 1 
W Cygni was at minimum, mag. 67, on July 23 and Dec. 8^ 
and at maximum, mag. 6‘X, on Sept. 13 ; Mira Ceti was at 
maximum, mtm. a 4, on x886 December 30. 

Mr. John Tebbutt reports (Astr. Nachr., No. 2849) that 
ij Argils has undergone a notable increase of brilliancy of late, 
as he observed it as 7*0 mag. on May 19 of this year ; whilst on 
April 23, 1887, it was only 7*5. 

Comet 1888 c fSAWERXHAL). — The following epbemeris for 
Green wi^ midnight for this object is from the Dun Echt 
Circular^ No. IS7 J— 



R.A. 

Decl. 

Log A. 

Log r. 


h. m. 11. 

0 t 



Aug. 3 

... I 3 26 

... S 3 S»-6 N. . 

.. 0*3409 . 

. 0*3881 

5 

... X 2 5 

... S 4 S-S 



7 

I 0 35 

... 54 >8-3 

.. 0*3424 . 

. o* 397 S 

9 

... 0 58 55 

... 54 30-0 



- II 

0 57 5 

... 54 40-5 

- 0*3439 • 

. 0*4062 

13 

• 0 55 5 

... S 4 40’8 



IS 

.. 0 52 57 

-. 54 57-8 

.• . 0 - 34 S 5 . 

■ 0*4x49 

17 

0 50 40 

... 55 4-4 



19 

... 0 48 15 

... 55 97 

.. 0-3471 

* 0 4234 

21 

... 0 45 42 

... 55 > 3-6 



23 

... 0 43 2 

... SS >6‘o N. . 

.. 0-3489 . 

0 - 43«6 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 AUGUST 5-11. 


/I7OR the reckoning of time the civil day, commencing at 
Greenwich mean midnight, counting the hours on to 24, 
IS here employed.) 


At GnmwuA oh August 5 

Sunrises, 4h. 33ro. ; souths, I2h. 5m. 41 ’8s. ; sets, i9h. 39m. : 
right asc. on meridian, 9h. 3'om. ; deck 16* N» 
Sidereal Time at Sunset, l6h. 38m. 

Moon <Newon August 7, i8h.) rises, ih. 57m. ; souths, loh. 8m. ; 
sets, i8h. 17m. : right asc. on meridian, yh. 5 '8m.; deck 
21“ 12' N. 


Right ASC. Rnd dedinatioo 

PUnet. Rlus. Souths. Sets. on meridian. 

h. m. h. m. h. m. h. m. o ^ 

Mercury.. 2 55 ... 10 54 ... 18 53 ... 7 51*3 ... 20 47 N. 

Venus 5 7 ... 12 35 ... 20 3 ... 9 32’6 ... 16 2 N. 

Mars 12 37 ... 17 21 ... 22 5 ... 14 19-9 ... 15 17 S. 

Jupiter. .. 14 i6 ... 18 40 ... 23 4 ... li 38*6 ... tS 44 S. 

Saturn.... 4 13 ... II 55 ... X9 37 ... 8 527 ... x8 15 N. 

Uranus... 10 10 ... 15 54 ... 21 32 ... 12 52*7 ... 4 $8 S. 

Neptune.. 23 17*... 7 4 .. 14 51 ... 4 1*3 ... xg 58 N. 

* Indicates diat the rising is that of the preceding evening. 

Aug. h. 

6 ... 9 Mercury in conjunction with and o* 18* north 

of the Moon. 

7 ... 10 ... Saturn in coujunction with and o* 16' south 

of the Moon. 

7 ... — ... Partial eclipse of Sun : visible as little more 

than a bare contact at Greenwich, beg'tming 
at i8h. 49m. and ending at X9h. 6m. 

8 ... 9 ... Venus in conjunction with and o" 42' south 

of the Moon. 

10 ... 23 ... Mercury at least distance from the Sun. 

Variahh Start. 



Aug. 

»» 

t* 

tf 

9 f 

tt 

«> 

• * 

P » 

#1 


b. m 

9, 19 49 m 

5, 20 2 SM 

11. M 

9. a3 36 as 
9 , I 4 * 

9. » f* 

9, 21 24 M 
I, o 01^ 
9k n ^ M 

6, 22 o m 

8. I pM 

5. ^ 

to, aj O-M 

9.00 oU 
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MtUor-Skomrs, 

R.A. D«cl. 

The Pertiids 44 ... 56 N. ... Max, August to. 

Swift ; streaks. 

Near 41 Arietis 44 ... 25 N. ... Swift ; sircnks. 

^ ... 72 N, ... Slow. 

Near 9 Cygni 293 ... 52 N. ... Knther slow. 


ON PARTIAL IMPREGNATION} 


r^URING our researches on the formation of polar* bodies 
^ (see Nat u HE, vol. xxxvi. p. 607) we made the following 
observations, which are of considerable interest in connection 


with the theory of sexual reproduction. 

As we were able \o show that parthenogenetic eggs form only 
one polar-body, while sexual eggs give rise to iwo, we looked 
cut principally for those cases in which both kinds of eggs are 
present in the same species. 

On examining the sexual eggs (** Dauereier *’) of certain 
species of A/oitta, we found, to our astonishment, that even 
those which possessed a 6rm vitelline membrane, and in which 
four 8e;;mental cells were already present, still contained a 
sperm- cell. 

We first of all took this to be a supernumerary spermatozoon 
which had penetrated into the egg, but it was soon apparent 
that all eggs of a corresponding stage contained a similar sperm- 
cell, and that there was always one only. Further observations 


showed us //lal tve had had here to do with a ease of far Hal 
impregnatioH. Only one of the first four se^nental celsy and not 
the entire egg-cell^ becomes united with the sftrm cell. This is 
the case, at least, in Moina faradoxa. In Moina rectirostris^ 


impregnation must occur at a rather later stage, for in this 
species we have seen eggs in which the first four segmental cells 
were again ready for division, and still the sperm -cell had not 
fused with one of them. 


In Moina faradoxa the process takes place as follows Im- 
mediately after the extrusion of the egg into the brw>d-cham'>cr, 
it is a naked sausage-shaped (pass. Jn this stage, a sitermato- 
zoon penetrates into it in the region of the vegetative pole, and 
then the vitelline membnine becomes formed, and prevents the 
entrance of a second. The germinal vesicle at the same time 
becomes transformed into the first polar-spindle, which lies at 


the surface ; the first, and soon afterwards tlic second polar- 
body then becomes constricted off, and the nucleus of the ovum, 
surrounded by protoplasmic particles, migrates to the cenire of 
the egg, which has by this time contracted to ihe usual form. 
Now follows the first division of the ovum, which, however, 
only consists in a separation of these first, or, as we will call them, 
secondary egg- cel Is m the centre of the egg ; — the two first seg- 
mental cells come to lie, as usual, in its longitudinal axis— one, 
which is always recognizable by the proximity of the polar- 
bodies, nearing the animal pole, the otner the vegetative pole. 
The sperni'Cctl always lies in the neighbourhood of the latter^ 
without, however, yet becoming united with it. 

Then follows a second division of the segmental cells, toge- 
ther with the separation of the daughter-cells in the transverse 
direction. There are now four star-shaped daughter-cells pre-., 
sent, which lie at an almost equal dihtance apart, at a right 
angle with one another. The sperm -cel I can be seen near one 
of* the two lower {htniem) cells, and it now begins to show 
amoeboid movements, and to approach the segmental cell, a 
short narrow bridge of protoplasm being formed, and the two 
cells beginning to unite with one another. Pusion then follows^ 
and in the next following stage t of dght segmental cells ^ no sperm- 
tdl can any longr be seen in the egg. 

The uniting of the sperm- cell with the cell- and nuclear- 
oonalituents o? the egg thus only takes place after the embryonic 
dev^pment has already advanced to the four-ceMed stage. It 
wmtld naturally l>e of great interest to know what 'eventually 
of those segments which are concerned in fertilization 
- 4 h«t is,, which parts of the embryo are formed them . A 
te^ possible supposition is,, that only those parts of the egg 
become feruHlaea out of which thb jgerm-cerii of the youhg 
^antmal will subsequently be formed. Tblf coidecturc is rendered 
% no means Improbable by the foot that h Is doe of the two 
cells fying at the vegetative pede of the ovum whidi 

^ Ihmiliited ffom a puisr hy A, Wsismsmi and C, iMhtkawa (SetdekH 
dUeUHhaft #» Bd. iv.. Heft s. 


becomes fertilized ; for it is from these cells, according to Grob- 
ben’s beautiful discovery with regard to the summer eggs of 
Moina^ that the germ-cells arise. At a future lime we hope to 
be able to speak more definitely on this point r at present it is 
only necessary to add that we are studying these processes in 
other DaphnidWy and have already observed a similar series of 
stages in Sida crystallina to those above described. But in 
this case fertilization occurs earlier, in the two-cclled stage of 
segmentation. 

Freiburg i/B., December 12, 1887, 

P.S. — In the continuation of the above observations an- 
other case has presented itself, in which impregnation does 
not take place until eight segmental cells have been ^rmed. This 
happens in Daphnia pulex. Further details concerning partial 
impregnation, as well as theoretical support of the facts treated 
of above, we reserve for a future occasion. 

May 21, 1888. 

Addendum to the abort Note on Partial Impregnation} by 
Weismattn and /schiha 7 va. 

Since giving a short ab^ract of the obs;rvations which 
led us to the conclusion of the existence of partial im- 
pregnation, we have continued our researches, and have 
come to the conclusion that, in spite of the entire accuracy 
of our facts, we were mistaken as to the explanation of the 
phenomena described. The fusion with one of the eight first 
segmental cells does indeed take place regularly, but the uniting 
cell is not the sperm-cell. The first segmentation nucleus is 
here, as in all sexual eggs, formed by the fusion of the nucleus of 
the ovum with the sperm-nucleus, and the fusion of the two 
cells observed by us at a later stage is something additional to the 
ordinary imfregftation. That this is the case is quite certain : 
we found the sperm-nucleus and its subsequent fusion with the 
egg-cell to occur in the same ova in which we could prove the 
presence of that cell which we at first look to he the sperm cell. 

We can hardly be blamed for this error if it be borne in mind 
that we found this tdA^without exception^ in every egg which had 
just passed into the brood-chamber ; that the vitelline membrane 
vk-as formed directly afterwards ; and that, on the other hand, a 
fusion of this cell with one of the first eight segmental cells lying 
at the vegetative pole of the egg could be seen in alt ova which 
we possessed of inis stage, viz. in five species— two species of 
Al&ifta^ two of Daphnia^ and one of Polyphemus, The fact 
that the form and si^e of the supposed sperm- cell differ from 
those of the sperm-cclls in the testis of the corresponding species 
was indeed an objection to our exjdanation : it has, in fad, 
almost the same size and shape in all species. But the sperm- 
cells become altered as soon as they pass into the egg, and it 
was shown some time ago by Kol and Hertwig, and more 
recently by Boveri, that the sperm nucleus grows considerably 
when within the ovum. Moreover, in one of the species 
examined {Polyphemus) ^ os well as in Bythotrefhes^ the sperm - 
cell is extraordinarily large, and in both ihcRe species we 
followed the entrance of the tnormons amoeboid sperm-cell into 
the ovum by means of sections, step by step, and were able to 
convince ourselves of its essential correspondence with the 
supposed sj'jerm-cell in the eggs of o her species. What else 
could this cell within the ovum be, if it were not the sperm-ccll ? 
It was never wanting, and on the other hand there was ahvoys 
one onlyt so that any idea of its being a parasitic organism was 
out of the question. Moreover, the two p >lar cells were always 
present, so that it could not be mistaken for one of these. And 
up to the present time no one had ever seen any other cell but 
the sperm -cell within the ovum. 

We should hardly, indeed, have discovered our error so soon, 
if we bad not remembered that one of us had found some years 
wto that unimpregnated sexual eggs of Daphnidoe soon become 
^integrated/ and we not asked ourselves how the embryonic 
development advanced in such unimpregnated eggs before dis- 
integration begins, For, as we believed that the sMrm-cell was 
onJy ready for conjugation in impregnated eggs after they hml 
segmented into ekht parts, it was to be expected that segmenta- 
tion would takepKce up to this stage in unimpregnated ova, and 
that then only would the disintegration btgin. Had we found 

* Trantkrted fima th® proof of a paper to appsar in tho 

Bd. iv. Heft a, 1888.- W. N. P. 

• ^Webkttamu *nr Natur|p*dilchte dw Dephnmden, Iv. : 

“ Umr den Mimu dor Begattang »uf die Enteu^ung von 

ZHtHh / Boot,, Bd. xxAl. p. tqS tt 
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it oiberwiise, Aod did the drat stages of division not occur in 
tuirertilized eggSi we should have supposed that the aperm-cell 
present in the ovum, although in a resting-atage, had some 
invisible influence over it. 

It was possible, however, to arrive at a decision on this point ; 
for, although most l^aphnidoe do not lay their eggs if copulation 
does not take place at the time the eggs ripen, in one species 
paradoxa)^ the extrusion of the ova occurs independ- 
ently of copulation. Wr therefore isolnte<l females of this 
species which contained ripe eggs in (he ovary, anfl examined 
them when they bad passe<l the eggs into the brood-chamber. 
How great was our astonishment to find that these ova, killed 
shortly afterwards, were already beginning to disintegrate, and a 
cell corresponding to that which we had taken for the sperm-cell 
was present in each of them ! At first we considered the 
possibility of copulation having taken place before the females 
were isolated, and of the retention of the sperm-cell, which had 
become inactive, in the brood chamber. But sections which we 
made through nearly ripe ovarian eggs showed us that the sup- 
jTOsed sperm -cell was already present in them. Tt was thus 
proved that this cell which unites with one of the eight first 
segmental cells (we will for the present call it the conjugating- 
ccll,” Copulationszellc) cannot be an ordinary sperm-cell ; and, 
moreover, that, besides it, an active sperm-cell from the male, 
which had previously escaped our notice, passes into the egg in 
conseqtience of copulation. In fact, this true spermatic element 
was found after renewed examination of old and new series of 
sections as an exceedingly small nucleus in the yolk -mass. It is 
difficult to recognize, but nevertheless may plainly be traced 
passing into the yolk, and finally uniting in the ordinary manner 
with the nucleus of the ovum. 

Thus ‘the impregnation of these ova is not exceptional, 
inasmuch as a normal fusion of the male and female nuclei takes 
place. But. besides this normal conjvigation of sperm-nucleus 
and egg nucleus, another fusion of cell-bmlies and cell-nuclei 
occurs between the enigmatical ** conjugating* cel!/' present 
already in ovarian eggs, and one of the eight first se^ental 
cells Jyiog at the v^etative pole of the ovum. 

It will oe impossible to conjecture as to the meaning of this 
process until we know definitely how the conjugatTng-cell ** 
arises : at present wc are not able to state anything about it 
with certainty. 

We intend to continue our observations, and hope before very 
long to have more, to say on this subject. 

Freiburg i/B., July la, 1888. 


HOW TO INCREASE THE PRODUCE OF 
THE SO/L> 

T M this pamphlet Prof. Wagner distinctly asserts the power of 
*■ leguminous cultivated plants, such as peas, beans, vetches, 
lupines, and clovers, to use the free nitrogen of the air for 
purp tses of nutrition. As this conclusion is difltincUy at Issue 
•wiih the opinions of the Rothamsted school, it revive* a question 
of deep interest, the answer to which has varied with our know- 
ledge from time to time. In the earlier days of agriculmral 
chemistry the mineral theory" of plant nutrition was in the 
-ascendant. According to this theory; the mineral, earthy^ or ash 
constituents were^ taken from the soil, while the gaseous, com- 
bustible or organic portions of the plant were derived from the 
air. As knowledge progressed, this somewhat bold and 
sweeping generalization required to be modified, and the 
most u'-ually received view (in this country, at least) for some 
time past has been that of the absorption of mineral matter and 
nitrates from the soil, and of carbonaceous matter fVom the air, 
and to a limited extent from the soil in the form of carbonic acid 
gas in solution. It has been urged that proof is entirely wanting 
m the alleged power of plants to take free or cotnbinea nitrogen 
from the atmosphere, while the intense effect of nitrfc lyitrdgen 
upon growing crops, when added to the soil, has' amply proved 
that the soil ts a source of nitrogen, and, according to reeved 
vtewa, the chief or only source of nitrogen to growing crops. 
The results obtained by Sir John Lawes, Dr. GiTbert, and Wr. 
Warrington at Rothamsted, upon the cultivation of red and 
Bokhara clover, have been considered as proving that- ^ 
aounoe of nitrogen in these plants was not the atmoii^tere, but 

* “The Incveup (a the Produce of the Soil 
Nltfofenoue Manure." By Prof Paul Wagii 
by Geoffe O. Henderson. (London : Mfhitul 
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the soil and the subsoil, the plants having been found to ^end 
down tlieir roots some fifty- four inches in depth Into sections of 
the soil which, although out of reach of most cultivated plants, 
were able to yield sufficient nitrogen for the uses of these 
nitrogen- loving plants. Collectors of nitrogen these plants art 
allowed to be oy all, but at Rothamsted the collectirm is con- 
sidered to l>e carried on in the deeper layers of the soil, and not 
to extend above ground. Prof. Paul Wagner declares that 
cultivated plants may be properly divide<l into nitrogen coRectors 
and nitrogen camume*s^ or as we might put it, into nitrogen 
savers and nitrogen wasters. In the first class are arranged the 
various members of the Leguminftsre already named. At a 
certain stage of their development these planU aqquire the power 
of taking all their nitrogen from the air. They thus become a 
means of securing fertilizing matter from a free source, and are 
therefore profitable. In the secohd class sre placed the cereals, 
grains, turnips, flax, &c.. all of which are able to take next to 
nothi^from the store of nitrogen in the air, but which waste 
the nitrogen of the soil, and must take from it, In the form of 
nitrates, all the nitrogen they contain. In the pamphlet under 
notice no proof is atlduced for these views, but reference is made 
to the detailed investigations carried out by the author, Heltfieglc, 
and E. von Wolff. These views must he considered as reactionary 
and startline, and as diametrically opposed to the current of 
opinion in this country for some years past. 

It is. not to be wondered at that Prof. Wagner should give 
considerable prominence to a feature in agricultural practice 
whidi has almost entirely disappeared — green crop manuring. 
Jf clovers, lupines, and vetches, extract their nitrogen from the 
supernatant aerial ocean, and are able to supply upwards of 180 
pounds of atmospheric nitrogen per acre per annum contimiriusly 
for a period of tluee years, no easier system Could be devised for 
obtaining the necessary nitrogen for fertilizing imrpose.s. All 
that is required is to secure the full development of the nitrogen 
collector ny supplying it with sufficient water, sufficient phos- 
phoric acid, potash and lime, so that it may exert iti powers 
upon the constantly passing stream of air--it then provides 
nitrogen for itself. What ia this but a re-statement of the old 
mineral theory applied especially to the LegiiminoatB ? 

Prof. Wafers views upon thte absorption of atmospheric 
nitrogen and his consequent recommondation of green crap 
manuring, are the two principal features of this little work. In 
some places the German fault of verbiage is only too evident — 
whole paragraphs being devoted to what is i>fcrfectly self 
evident. Still, various practical suggestions of great value are 
made. The remarks ui>on the proper method of applying 
nitrate of jda are paiticiilarly worthy of attention. The effect 
of this active manure in developing stem and leaf rather than 
flower and fruit U acknowledged, but only as a consequence of 
the period of the plant's growth w'hen it is applied. 

Nitrate of soda enables the plant to seize upon the stores of 
phosphoric acid, potash and lime in the soil, and the effect is 
rapid growth. This effect is however short lived, as the nitrate 
is freely movable in the sod, and readily finds its way to lower 
sections when it is no longer available. The case is therefore as 
follows j — Nitrate of soda applied in February, March, or April, 
is employed in the development of leaf and stem, and liy the 
time the period has arrived for grain formation k is spent. If 
the same dressing had been applied later in the blsto^ of the 
crop, and at the time when the embryo grain was beh^ ibrmed, 
the same stimulus would have been ^ven towards groin forma- 
tion, which under ordinacy drcomstances takes theTonrt of l<ttf 
and stem development. The practical recommendation 
upon the consideration is to Apply one-sixth part of the amUcvi- 
tion in autumn^ two-sixths in March, and tae remaining tnree- 
sixths in May. The plant is to be fed during its wh^ Hie, 
and not only at the period when it is forming leaves and stttnArbttt 
especially at the important period when it is forming fmlt The 
remarks upon the ripenirtg effects 6 f sqp^rphosphote upon root 
crops are also well worthy of attention. Excessive quautkles bf 
aitper|idiotphatq hasten too rajpidly the processes of maturoHoiiL 
and tdl against prolongation ofgrowth mto the late aiftttj»in»«ad 
tbis^ It is submitted, accounts for the occasionally smaller 
Gained by the uae of phosphates ia large quantities aacOthflnm 
with those produced by |sN>re moderate dressings. 

Prof. Wt^er comes to the conclusion, which we qtdtn AMe 
iib ihu nfomgen, phosphoric acid, and potaa)^ met fho 
elements of fertility that r^uire to be added to sOUs. The 
esaontiiri substmtM, although equally^ ta n f ortsat t *0 
the weH-behig of the{dant, are usually pmiOnt hi ^ 
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tSift in etitti^Atttd soUa, We tint^ht lie ditposed to eUminAte the 
pdMtsh AS also innelly stifflriently prevalent, llle fact that straw 
IS almost invariably returned to arable land is in itself a safe- 
l^nard against the exhaustion of potash ; and the considei^ble 
pmentage found in most soils^ especially those of argillaceous 
character^ points to the same copclosion. The farmer hois then 
chMy to consider the suptdy of phbsphates and of nitrates, and, 
vrith regard to these two, Prof. Wagner think? that the fonper 
ohght to be in excess of what is required, and that the farmer 
should equally devote his attention to the proper s«pj>ly and 
anplicaicion of nitrates to (he soil The recommendation that 
imosphfttes should be in exces.s U based on the observation that 
growth is seldom re^dnr. It depends 6n climatic conditions, and 
sobiethhes is arrest^ by drought or low temperature for two or 
three weeks, while in well cultivated and well fertilised ground 
vegetation makes extraordinary progress in three or four days. 
The supply of phosphates ought therefore to be in excess of 
what may be requirca under ordinary conditions of growth, and 
should be abundant enough to Riii5ply the plant under the most 
rapid conditions of growth. The conclusion is that phosphates 
may be applied liberally and withmtl hesitation or limit, t.r., 
without scientific accuracy. The case of nitrates is different, as 
they are so easily available and so freely mobile in the soH, that 
the plant has no difficulty in appropriaimg them. The nitrates 
probably find their way into (he plant before they are reouired, 
and are stored up and elaborated gradually as the plant tabes up 
further supplies of mineral nutriment. The rapidity with whicn 
they disappear and their extraordinary effect mark the nitrates 
out as the chief object of study in manunng land. 

John Wrightson. 


TME BURIAL CUSTOMS OF THE A /NOS. 

T^H, BACHKLOR, to whose investigations. on the subject of 
the , Ainos of Ve?o we have frequently referred, writes, in a 
recent issue of the Japun Weekly Mail^ on the burial customs o( 
(his race. He says that as .'-oon as a person dies, a blazing fire is 
made, the corpse is dressed in its best garments, which are neatly 
laced op, and is laid lengtJiways on the right-hand side of the 
fireplace. The relatives and niends of the deceased sit around 
the remaining parts of the fireplace, and usually they are so 
numerous as to fill the hut, In all cases many sacred symbols 
(itiafi) are made, and placed around the hut and the dead body. 
Mr, Bachelor las seen the corpse of a woman laid out. She 
was well dressed, and had her utensils and paraphernalia about 
her (the rings and beads being, in this instance, laid upon her 
bosom), ana was shod with pieces of white calico which, Mra. 
Bachelor had, a few days previously, given (o the husband of 
the deceased to bind up his wounded foot. Any while material 
seems to be especially welcome to the Ainos for wrapping up 
the bodies of their dead. When the body has been properly 
dressed, and when the necessary ealingovensels or hunting matC' 
rials are placed in position, a cake made of millet. Or a cup of 
boiled rice and some wine, are placed by Us side, and ihe spirit 
of the departed is supposerl to eat up the essence of these things. 
Then the goddess of fire is implored to take charge of the spirit 
and lead it safely to the Creator of the world and the possessor 
of heaven, and she receives various messages to the Deity setting 
forth the praises of the dead and extolling his many virtues. 
MiliicA eakes and wine are then handed round to eveiy member 
of the assembled company, and each of them offers two or three 
of the wine to the spirit of the dead, then drinks a little, 
and pemrs what remains before the fire as an offbring to the fire- 
goddess, to whom they have not cessed to pray ; then part of 
tkemiUeteake is eaten, and the remainder Wied in the ashes 
on the hearth, each person burying a little piece. After the 
buriaf these scraps are collected and carried out of the hot and 
placed before the east window, which is regatded as the sacred 
]^aoe* The corpse is then cayefcii% rolled up in a .mat. neatlj 
tm up, attaiehed (0 a pole, and carried to the grave by t?vo men. 
The moitmefs follow after the corpse, in ringle filb, each carry« 
soeoetliihg to be buried tn the grave, fhe men- leading ai^ 
the women fimowing them, llic giave is fmoi a} to 3! feet 
deep, estd round the inside of It stahes are driven, ang over 
them and at the bottom of the grave mats are plhoed; Then 
ttserhod^ b laid in the grave, numeiotts tittle Itnick- 
rIpBSi beads^ a saucepan and sofiee dorhing being 
viitb the woman, a bow add: quitWi on eating and la 
MiMi^ciip, tobacco, a pipe, a knlfewith the men, a£f pfiiy> 


I things with the children. These things are always broken 
. before being put into the grave, and it is noticeable that they 
. are not usuSlIy the best the deceased had during life. Every- 
^ thing is then tlosely covered with mats ; pieces of wood are 
placed so as to form a kind of roof, and on this the earth is 
piled. A pole is generally stuck at the foot of the grave to 
I mark the spot. No prayers are offered up during burial. The 
I mourners then return to the hut, where the mt-n pmy, make 
I inaef, r.e. sacred symbols, eat, drink, and get drunk. The dead 
body is never allowed to remain in the house longer than one 
day and, once the funeral is over, the name of the departed is 
never mentioned. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

The following is the list of Scholarahipi, prizca,. and 
Associateships awarded in July iSSS, at the Normal School of 
Science and Royal School of Mincis, South Kensington, for the 
session 1887-88 : — 

First Year's Scholarships: Samuel II. Studley, Sydney 
Wood, W^illiam S. Jarratt, and George N. Huntly. Second 
Year's Scholarships : Savannah J. Speak and William Tate, 

Edward Forbes Medal and Prize of Books for Biology ; 
Arthur M. Davies. Murchison Prize of Books for Geology: 
William Tale and Samuel Truscott. The’ Murchison M^al 
was not awarded. 7 'yndall Prize of Books for Physics : William 
Watson. De la Bechc Medal for Mining : Edmund L. Hope. 
Bessemer Medal and Prize of Books for Metallurgy ; Harry C. 
lenkins. Frank Hatton Prize of Books for Chemistry : James 
W. Rodger. 

Prizes of Books given by the Science and Art Departtuent : — 
Mechanics, James Whitaker ; Astronomical Physics, William .S. 
Jarralt and William WaUon ; Practical Chemistry, James W. 
Rodger and James Young ; Mining, John M. Beckwith. The 
prize for Principles of Agriculture and Agricultural Chemistr)^ 
was not awarded. 

Associateships (Normal School of Science) : — Mechanics, ut 
Class : James Whitaker and William Kelsall. Physics, ist Class : 
Harry £. Hadley and Philip L. Gray; and Class: Hei'bert 
Anderson and Philip L. CouUas. Chemistry, ist Class : James W. 
Rodger, James Young, Barker North, and Harold K, tlcy ; 2nd 
Class: William MacDonald, George Grace, Francis J. Hardy, 
George C. McMurtry, and Henry Sowei bulls. Biology, 1st 
Class : Arthur M. Davies. Geology, ist Class : Thomas H, 
Holland. 

Associateships (Royal SchoDl of Mines) : — Metallurgy, 1st 
Class : Harry C. Jenkins, Thomas Clarkson, and William 
McNiell ; and Class : Alfred Howard. Mining, xst Class : 
Edmund L. Hope, John M. Beckwith, James A. Chalmers, 
William F. Thomas, .Sydney Allingham, Charles G. Thompson, 
John Lcechman, Frederick H. P. Creswell, Ernest Lichten- 
bui^ ; 2nd Class : Ferdinand F. L. Dielyrch, Henry L. Lewis, 
Henry B. Budgett, William F. Hamley, and Harold 
Macaadrew. 


SOCIETIES AND ACADEMIES, 

London. 

Royttl Society, April 26,— *'On the Coagulation of the 
Blood.” PreUminary Coammnication. By W. D. Halliburtoni 
M.D., B.&C., Assistant Professor of Physiology, University 
College, London. Communicited by Prof. E. A. Schafer^ 
F.R.S* (From the Physiological Laboratory, Uxuveraity 
College, London. ) 

Thejpresent research was directed to determining the nature 
of the ferment t^t prodnees the change of fibrinogen into fibrin. 

Some pretfmmaxy experiments showed that the following 
proteids were present in lymph cells (obtained from lymphatic 
glands). 

(i) A muciq^llke prbtwd similar to that described by Miesclu:r 
in pm ivbich swells up into a jelly-like substance when mixed 
with loltfilibos of eodibm chloride or magnesium sulphate. Thia 
is a nndeo-aibttihin. 

fa) TVro gfobudins. 

O) An albuiniii. 

The — There U a small quantity of a globulin which 
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enters into the condition of a heat coa^^ilum at about 50* C. 
The most abundant globulin is, however, one which resembles 
Bcmm globolin in its heat coagulation temperature (7^'’ C.), and 
in the way in which it is preci{)ttated by saturation with salts^ or 
by dialyzing oat the salts trom its solutions. 

The term serum globulin is hardly applicable to a proteid ex- 
isting in lymph cells ; hence it is necessary to multiply terms, 
and to designate this globulin by a new name, viz. c/ii ^ohulin. 
It has, moreover, certain characteristic properties which will be 
fully dealt with later on. 

The Albumin resembles serum albumin in its properties. It 
coagulates at 73" C. It i*? present in very small quantities. It 
be provisionally termed cell albumin. 

Having thus recognized the various proteids that occur in the 
cells of Emphatic glands, my next endeavour was to ascertain 
what action, if any, these exerted on the coagulation of the 
blood. My experiments in this direction have been mostly per- 
formed with salted plasma. The blood is received into an 
approximately equal volume of saturated sodium sulphate solu- 
tion. By this means coagulation is prevented, and the corpuscles 
settle. On subsequently removing the supernatant salted 
plasma, and diluting it with four or hve times its bulk of water, 
coagulation occurs after the lapse usually of several hours ; but 
if, instead of water, a solution of hbrin ferment be used, 
coagulation occurs in a few minutes. 

I first tried to prepare fibrin ferment from the lymphatic 
glands ; these were freed from blood, chopped small, and placed 
under absolute alcohol for some months ; they were then dried 
over sulphuric acid, powdered, and the dry powder extracted 
with water. The water wa.s found to contain the fibrin ferment. 
It hastened very considerably the coagulation of salted plasma. 
This activity was destroyed at a temperature between 74* C. and 
80* C. ‘ The watery extract gave, moreover, the xanthoproteic 
reaction ; it contained also some sodium chloride and phosphates 
which it had dissolved out of the dried glands. 

A watery or saline extract of fresh ^ands also had very con- 
siderable clotting powers ; that is to say, the addition of a few 
drops of such an extract caused diluted salted plasma to clot in a 
few minutes, which otherwise did not clot until after the lapse 
of 12-24 hours. The activity of this extract was not altered 
by heating to 70* ; it was therefore independent of the nucleo- 
afbumin which is disintegrated at about 50^ C., or of the globulin 
which coagulates at that temperature. Its activity was de- 
stroyed, however, if heated above 75® C. These facts show that 
the extracts of both dried and fresh glands contain a substance 
which has the same properties as fibrin ferment, and which, 
moreover, is rendered inactive at the temperature at which 
fibrin ferment, as ordinarily prepared from serum, loses its 
activity. 

The next question which I investigated was whether the 
ferment action was dependent upon, or independent of, the 
presence of the proteids of the cells. An extract of the cells 
was made with sodium sulphate solution, and saturated with 
ammonium sulphate ; the precipitate of the proteids so pro- 
duced was filtered oflF \ the proteid-free filtrate dialyzed till free 
from excess of salt, and it was then found to have no power of 
hastening coagulation. The precipitate which contain^ all the 
proteids was washed by saturated solution of ammonium 
sulphate, and redissolved by adding distilled water ; this solution 
hastened the coagulation of salted plasma very considerably. 
This experiment Aowed either that the ferment was identical 
with or precipitated with the proteids in the extract. It was, 
moreover, destroyed at a temperature at which these proteids 
were coagulated, viz. about 75" C. ; there are, however, in the 
solution two proteids which are coagulated at about this tem- 
perature, viz. the cell globulin and the cell albumin. The 
globulin and the albumin were then separated from one another, 
and it was found that the globulin and not the albumin had the 
properties of fibrin ferment. 

After I had performed the experiments just related, the 
question naturally arose, Is this cell globulin the same thing as 
what has been termed fibrin ferment when prepared from senam ? 
From the experiments which were performed in order to elucidate 
this question the following conclusions were drawn 

(1) Lymph cells yield as one of their disintegration products 
a globulin which ma^ be called cell globulin. This has the 
properties that have hitherio been ascribed to fibrin ferment. 

(2) Fibrin ferment as extracted from the dried alcoholic pre- 
cipitate of blood serum is found on concentration to be a globulin 
with the properties of cell globulin. 


(3) The fibrin ferment as extracted by saline gluttons firm 
“ washed blood clot ” U a globulin which is also idenrioal with 
cell globulin, 

(4) Serum globulin as prg>ared from hydrocele fluid has no 
fibrinoplastic properties. It may perhaps be better termed 
plasma globulin, 

(5) Serum globulin as prepared from serum has marked fibrtno- 
plastic properties. This is because it consists of plasma globulin, 
and cell globulin derived from the disintegration of white blood 
corpuscles, which are in origin lymph cells. 

(6) The cause of coa^lation of the blood is primarily the 
disintegration of the white blood corpuscles ; they liberate cell 
globulin, which acts as a ferment converting fibrinogen into 
fibrin, It does not apparently become a constituent part of the 
fibrin formed. 

This confirmation and amplification of Hammarsten’s views 
concerning the cause of the coagulation of the blood is in direct 
opposition to the theories of Wooldridge, which may be stated 
as follows ; — The coagulation of the blood is a phenomenon 
essentially similar to crystallization ; in the plasma there are 
three constituents concerned in coagulation, A, B, and C 
fibrinogen. A and B fibrinogen are compounds of lecithin and 
proteid, and fibrin results from the transference of the lecithin 
from A fibrinogen to H fibrinogen. C fibrinogen is what has 
hitherto been called fibrinogen ; A fibrinogen is a substance 
which may be precipitated by cooling ** peptone plasma,^' and on 
the removal of this substance coagulation occurs with great diffi- 
culty. The precipitate produced by cold consists of rounded 
bodies resembling the blood-plates in appearance. He further 
found that other compounds of lecithin and proteid, to which he 
has extended the name of fibrinogen, exist in the thymus and 
other organs, in the fluid of lymph glands, and in the stromata 
of red corpuscles ; these substances may be extracted from the 
organs by water, and precipitated from the aqueous extract by 
acetic add, and on rediss living this in a saline solution, and 
injecting it into the circulation of a living animal, intravascular 
clotting occurs which results in the death of the animal. This 
form 0? fibrinogen (?) that acts thus he looks upon as the pre- 
cursor of A fibrinogen. From these points of view the fibrin 
ferment and the white corpuscles are looked upon as of secondary 
import in causing coagulation, though it is admitted that fibrin 
ferment converts C fibrinogen into fibrin. 

The Influence of Lecithin in the CoasuUition of the Blood,~^ 
Lecithin hastens the coagulation of blood -plasma, which lias 
been prevented from clotting by the injection into the cir- 
culation of a certain quantity of commercial peptone; but 
peptone plasma, as I shall show more fully in the next section, 
difiers so much from normal plasma, that it is impossible to draw 
correct conclusions from exMriments performed with it, unless 
they be supported by confirmatory evidence on solutions of 
fibrinogen and pure plasma, such as one obtains from a vein, or 
from the pericardial sac, and lecithin does not cause coagulation 
in such cases. 

The supposition that “ fibrinogen A acts by giving up its 
lecithin to “fibrinogen B" to form fibrin, seems, therefore, to 
be a pure assumption, and is unsupported by analytical evidence. 
Cell globulin contains no phosphorus, and can therefore contain 
no lecithin. 

The PreciMiate produced by cooling Peptone Plasma. — The chief 
point I wish to urge U that this precipitate is obtained on 
cooling peptone plasma only, and from no other form of plasma. 

I have repeatedly attempted to obtain such a precipUale by 
cooling to o* C. pure plasma from the veins of the horse, s^ted 
plasma, hydrocele fiuid, and pericardial fluid, but in all coses 
with a negative result. It therefore occurs in peptone plasma 
alone ; and that it is due to the peptone is supported by inc feet 
that if one takes an aqueous solution of “ WittoV iicptoae’^ and 
cools it too*C., a precipitate is formed con-n^ti u; of rounded 
granules very similar to blood-tableU. This p. '.pitatc more* 
over consists of hetero-allmmose. (Witte's contains a 

large admixture of albumose.) That peptone lilotjd does differ 
in one other inifwrtant particular from normal blood, viz. In 
the heat coagulation temperatures of its proteuls, was shown by 
Wooldridge himself. It is on these grounds, then, that I hdld 
we cannot regard peptone plasma as being at nil comparable to 
normal plasma. 

jHtraimcular Cosgulation,^^cs doubt the crude and fiupinn 
substance introduced into the veins produces iuti^va ctilar. <dptt 
tin^ j but I must protest against the extension of 
fibrinogen to aUch substances. It seems to *ne U would bejifet 49 
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o^rfoct to call a piece of iron wire introduced into the sac of an 
anertli^in to produce coagulation there, a fibrinogen. 

With regard, however, to these tisaue-hbrinogens of WooM- 
lidm, 1 think we may venture to offer a suggestion an to their 
reU nature, or, at any rate, as to the nature of one of their con* 
stituents. From the last paper published by Wooldridge, we 
find that they are imperfectly soluble in water, readily precipi- 
tatejd by acids, and soluble in excess of those reagents ; that 
they yield on gastric digestion a substance which is insoluble and 
which is rich in phosphorus. From these details of their 
properties, 1 think we may draw the conclusion, not that they 
contain lecithin, as Wooldridge affirms, but that they belong to 
the group of proteids described in the former part of this 
paper under Hammarsten's name of nucleo-albumin. Nucleo- 
albumins yield when poured into water n stringy precipitate 
resembling mucin, and in a former paper Wooldridge speaks of 
the precipitate of his tissue fibriuogen (precipitated by acetic 
acid) as being a bulky one. If my conjecture is correct, it would 
be exceedingly likely that when a saline solution of such a 
substance was injected into the circulation, it would form strings 
of a slimy mucinoid description in the vessels, and that these 
would form the starting-point for the thrombosis or intravascular 
coagulation that ensues. 


- May 3. — ‘‘On the Induction of Electric Currents in Conducting 
Shells of Small Thickness.” By S. H. Burbury. 

(l) Definition and Explanation of tin Notation employed * — 
A current'iheet in any field of electric currents is a surface to 
which the stream-lines are everywhere tangential. A eurrent- 
shell is the space between two current -sheets very near each 
other. The superficial current in a current -shell is the quanti ty 
of electricity wnich in unit time crosses unit length of a line 
drawn on cither sheet perpendicular to the current. If U, V, 
W be the components of superficial current, there always exists 
a function, called the current function^ such that-- 





/,«#,« being the direction cosines of the normal. This function 
completely determines the superficial currents. 

The corresponding expressions for the component currents per 
unit of area are— 


u 


dS d^ dS^ . 
ih dy’ dy dz* 


where S and ♦ are any two functions of x, y^ and z. 

' The components of vector potential due to a current-sheet 
ore— 


F 




d^ . 
ify 






And if the sheet be closed, this may be put in the form — 




So that F, G, and H are linear function* of the ^’s with 
coefficient functions of the co-ordinates. 

If the current-sheet be spherical, the vector potential is 
ta^ential to any concentric spherical surface. 

The eUctroEihctic ener^ of a system of current- sheets is — 

at ==> j j j\v\J + GV + HW)<« 
over all the sheets ; that is— 


///(♦(« 


dF^ 

d» 


dF\ 
^ dy) 


&c.) dS, 


If the surfaces be closed ; and if 0 be the magnetic potential, 
this reduces to— 


da 

di 



fas, 

dy 


denoting the space variation of n per unit length of the 


normal measured outwards. Also, U shown not to be dis- 

^ntinuotts in passing tlimugh a sheet of superficial currents. 
T ia expressible os a quadratic fuuctbn 'of the ^'s with co^oients 
fhncfkHis of the co-ordinates. 

(I) Camparis* teifA A/ayw/rV Sh 4 ^ls*^Th» eomponents of 
v^or potential due to a magnetic sbdl placed ca a doted sur- 


face, $, with variable strength, ^ (reckoned as positive when 
the positive face is outwards), are — 



./\i 
" dyjr 


dS. 


They are, then, the same as those due to a system of currents on 
S determined by ^ as current function, tlence the magnetic 
induction due to the magnetic shell is the same as that due to 
the corresponding system of currents at any point in free space, 

(3) If flo denote the magnetic potential due to any magnetic 
system outside of S, it is possible to determine ^ so that a shell 
of strength ^ on S has, at all points on or within S, potential 
equal and opposite to General determination of ^ to satisfy 
this condition. The solution is unique. 

(4) Therefore, also, there exists a system of currents on S, 
having ^ for current function, such that the magnetic force due 
to it is equal and opposite to that due to the external system at 
all points on or within S. This system Is called the magnetic 
screen on S to the external system. Example of a sphere. 

(5) General Solution of the Problem of Induction^ Resistance 

not being yet taken into account. — If S^, Ho, relate to a 

magnetic system outside of S, n and p to S and superficial 
currents upon it, the whole electro-kinetic energy is — 



In this form, T has as many variables — namely, the values of 
p — as it has degrees of freedom. 

If, therefore, the external system be continuously varied, the 
induced current on S will be given by 


that is, 
that is, 


if dT 
dt dp 


- o on S, 


rf ( fffio . „ 

di \ dy dv) 
dy\dt dt) 


o on S, 
o on S. 


And since = o, and 7 ^ ^ = 0 at all points within S 

at at 

it follows that = o at all points within S, 


dt 


dt 


That is, the induced currents, on their creation, are the mag- 
netic screen to the time variation of the external field. This 
gives the law of formation of the currents, however rapidly 
they may decay by resistance. 

(6) Of a Solid Conductor. — If S be a hollow shell, there will, 
as the direct result of induction, be zero ma^etic force at all 
points within it. Therefore, if it be filled with conducting 
matter so as to form a solid conductor, none but superficial 
currents will, as the direct conseouence of the variation of the 
external field, be induced in it. But as the superficial currents 
decay by resistance, their variation induces currents in the inner 
strata of the solid, so that in time, and no doubt generally in a 
very short time, the solid becomes pervaded by currents. The 
currents penetrate the solid, and the initial rate of penetration 
can be calculated under certain conditions (see post^ 15). 

(7) Of the Associated Function*' — If F, G, H be the compo- 
nents of any vector which satisfy 


— 4- 4- = O 

dx dy ^d% 

at all points within a closed surface, S, there exisu a function, [x* 
called the associated fienciion, such that — 

- /r + *»G + i»H on S, 

V’x - o within S. 

The oomi>on«nts F, G, H of vector potential of a system of 
closed currents ouUide of S have an associated function, Xi S- 


dF 

In like manner - -57# 

at 


dG 

lit 


and - have 


an associated 


function, which ^.all be denoted by 
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(8) «.d « 

magnetic screen on S, we have 
d dY d a 


relate to an external system and Its 


whence it follows that 
_ 

“ 7/7 

Kf thsrcfaie, 


&c. , within S, 


f .&C. 

‘(y 


_,/Y ^ dG ^ dn 

dt * " dt * ^dt 

are the corat>onents of an electromotive force yni!t\m % there will 
form on S a distribution of statical electricity having potential 
and forming a complete electric screen to the external system. 

(9) Of Self inductive Systems of Currents on a Surface*— ^ 

If any system of currents in a conducting shell be left to decay 
by resistance, uninfluenced by any external induction, it mj^y be 
the case that they decay proportionally ; so that, if U^, V^, W^, 
■denote the initial values of the component currents, their values 
at time / are U = U„. V = V,. W = and 

= - xU, &c., where X is a constant proportional to the 
dt 

specifle rcisistance, and inversely proportional to the abso- 
lute thickness. If this be the case, the system is defined to 
be self inductive, 

(10) By Ohm’s law we have, whether the system be self- 
inductive or not, — 

dY tAp 

<r« = - - — » 

dt dx 

where u is the component current per unit of area, and v the 
specific resistance. 

If h be the thickness of the shell, an = U, and the equations 
may be written— 

dY _ dip _dG _ ifP 

dv , &c. 


If the system be self-inductive ” ~ ~ ^ ~ 

Xx, where x is the associated function to F, G, and H,nnd f to 

and - . Therefore— 

dt dt • dt 


G+ lx 


= K —17^ = . 


H+ 

dz 


(11) Now if we assume as current function on U any arbitrary 
funciioo, fpt we thereby determine U, V, W, and thomore also 
F, G, H, and Xi at all points on S. It will not he genewiUy 
true that— 

T + IK G + * 11 + ^ 

4 ^ ± 


These equations constitute a condition which the current func- 
tion ^ must satisfy in order that the system may be oapoble of 
being made self- inductive. Their geometrical uiterpretation is 
that the tangential component of vector potential of ^e currents 
in the sheet coincide with the current at every point. ] 

If ^ be chosen to satisfy that condition, then by the equation — 

Y -- 

_ = X ■ HJ I rz XQ (suppose) 

we determine A, the thickness of the shell at every point, 
necessary to make the shell self-inductivc, i,e. h vs 

XQ 

(I2) Examples of Self inductive Systems, — i. S a sphere, and 
^ any spherical surface harmonic of one order. Here A is a 
cofnstant. 

2. S a surface of revolution about the axis of a, and ^ a 
fondion of s only, 

3. Any surface, with ^ a function of z only^ if X ^ indepeitd- . 


ent of *. Example: an eliit>ttoid whose axes are ihp am^tf 
co-ordinates, and ^ a Aa. it is found in this i;asc that ^ ec 
and therefore the necessary condition Tor a aelMndootive eftnliem 
issatished; and akto, to make it self-lnduotive, A vanec^as.lke 
perpendicular from the centre on the tangent ptoe at thenoint. 

(13) Cv^exiUifietce rf Sc^'iuductive Systems,— \i any nunuier-of 
self-mductive systems be created in the same shell, each decays 
according to Us own law, unaffected by Uie others. If all have 
the same value of X, then, as the effect of resistance apart fram 
induction, we have 

! + xn = o, 

I dt 

where n is the mag^tic potential of the whole system. 

(14) Central Property of Self inductive Systems,— \i an ex- 
ternal system so vary as that the system of currents in thevHell 
S, induced at any tnsiant, shall always be selMnduCtive, and 
with the same value of X, we have, to determine the currents In 
fheahell at any instant, the etjuBtion— 

4. + xn = o, 

dt dt 

from which ft can be found, if is given. 

dt 

Example I. — l«t = C, a constant. In this case sve find 

n = If C be very great, and t very imaU, this 

approximates to the ideal case of an impulsive force, and ft be- 
comes equal to C/, and is independent of the resistance. If, on 

the other liand, Kt be very great, we have ft w end A varies 

inversely as the resistance. 

Example 2. — Let ft^ = A cos kt^ where /• is constant, and A 
independent of the time, but a function of position. This leads 
to the result — 

ft 3= - A sm tt sin 2 ? - o, 

0(, + ft s= A cos a COR kt - a, 

at all internal points. Here, a is tAe retardation of pkase^ and 

is equal to cot , 07 . 

Q/zc 

For instance, if S is a sphere of radius z7, and ^ :r A cos 
Q jlJ., and the result obtained agrees with that given by 

Prof. Larmor in Phil, Mag,^ January 1884. 

(15) If the shell be iaflnitely thin — 

OH 

a = sm a =s i — , 

<r 

the same phase is reathed in the inner field at a time later by 

Y, that is, than in the outer field. The ratio which in 
K tr 

the limit h bears to this difference of time is and is, in case 

of a solid conductor, the initial velocity with which the currents 
penetrate the solid. 

(16) If S be any homogeneous function of positive d^ree in 
Xf y^ and s, the space within S = o may be conceived os divided 
into a number of concentric similar and similarly situated shells, 
each between two surfaces of the type S = r and S »= r + flik. 
Let ^ be a function, which, os current function, gives a «elf- 
inductive system of currents in each shell of the series, if mAde 
a conductor. Let an outer shell of the serves be described on S, 
Mid an inner shell of the series on J>et currents of the type ^ 
be generated in the shell S. Let v, w be the functions-^ 

tt » 1® ft _ f? f?, 4 c. 

[dz dy dy dn 

Then «, zz, iu may be the components per unit of area of a 
system of currents in the shell S. And since this V**®® ** 
selMnductive, — 




Vom e o, *od v’x = 0 *« point* within 8. 

H, thnefM^.tvVi « o at *11 fioint* within S, 


i X + ^)«t irH point* wittitn S.' 
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thutfil. 


0-K 3^ - — - - 


dj 

di 




&C,, on S', 


TlwTefow the creation of the given system of currents on S 
acts as an electromotive force tending to produce the currents 
9^ W'With eeveiaed signs on Ami since thin aysteni, of 
onriwmti in S' is self-indnaivef it nail be actnally genecauted 
indudi^ An an example* if 

S = 1, 4- i. + i 


and ♦ =5 As* 


n _ _ 

d% dy 


dS 

& 


dit 

ds 




^ dy 

di dt 


d\» 

w , 
dB 




and therefore v^u = o. 

It fbilows that the creation in an eUipsoidal sheH of thickness 
pro|>ottieiml to the perpendicular from the centre on the tangent 
plane of a system of cuiTents of the ty[>e ^ ^ Az generates by 
induction the corresponding system of currents with reversed sign 
in an' inner concentric bimilar and similarly situated ellipsoidal 
shell. 

(17) Cctse of an InfiniU Plane: Arab's Disk.—Xn this case, 
if the shell be of uniform thickness, a system of currents in it will 
not be generally self-inductive, but admits, nevertheless, of 
mathematical treatment. Suppose the plane to be fixed, and 
the field to revolve round an axis perpendicular to it, taken for 
that of s, with unifomi angular velocity, a». 

Let^ be the normal foice due to the field, f that due to the 
indticed currents, 'fhen we have, as the effect of induction, — 

= o. 

dt dt 

As the effect of resistance — 

d^ - Z. ' 

dt 2ir dz 

and, therefore, for the whole variation ofj''— 

2v dz 

When the motion i> steady — 

<!y 

dt 

B being the angle through which the field has turned. Hence— 
(dy dy\ a dy' 

"U <*■ 

a result which agrees with Maxwell’s {23} of Art. 699. 

June 2r. — *' Effects of Different Positive Metals, &c., upon the 
Changesof Potential of Voltaic Couples.” ByDr.G. Gore, F.K.S. 

In this research numerous measurements were made, and are 
given in a series of tables, of the effects upon the mini mum - 
point of change of potential of a voltaic couple in distilled water 
(Roy. Soc, Proc,, June 14, 18S8), and upon the changes of 
electro* motive force attending variation of strength of its 
exciting liquid {i^td . ), obtained by varying the kipd of positive 
and of negative metal of the couple, and by employing different 
galvanometers. The measurements were made by the method 
of balance through a galvanometer, with the aid of a suitable 
tbeitno-clectric pile (Birm. Phil. Soc. Proc., vol. iv. p. 130; 
The Electrician^ 18S4, vol. xi, p. 414). The kinds of galvano- 
meter employed were, an ordinary astatic one of 100 ohms 
resistance, ‘ and a Thomson’s reflecting one of 5040 ohms 
resistance. 

Tlie following were the proportions of hydrochloric acid 
(HCl). required to change the potential of different voltaic 
couples in water 

Table I. — I/ydrockhrh Acid, 

Astatic OalvMometer. 

Zn + Pt between i in 9,300,009 and 9,388,185 
Cd + Pt „ I ,, 574. Ooo ,, 637,00a 

Mg-i-Pt „ i„ 5*6,666 „ S74.O0O 

Af + Pt „ 1,, ia,io9 M 15,00a 

Reflecting Galvanometer, 

Zn + Pt between i in 15, 000, coo and 23,350,000 
Cd + Pt „ I „ i,i6,,soo „ 1,SSO.OP9 

+ Pt .. I .. 77S.o$o „ ,ftjo,oob 

+ Ft I. t « 4».J68 >. dBiiPO 


With iodine and the astatic galvanometer the following 
proportions were required ! — 

Table II.— 

Zn + Pt between i in 3,100,000 and 3,521,970 

Mg + Pt „ I „ 577.71 1 M ^3»IS3 

Cd + Pt „ I „ 2.0,431 ,, 224,637 

With bromine and the astatic galvanometer : — 

Table I II. —Promine. 

Mg + Pt between i in 310.000,000 and 344,444,444 
Zn + Pt I „ 77,500,000 „ H.S4S*ooo 

Cd + Pt „ I „ 3i47o,n2 „ 3.875.000 

The nKagoitadcB of the minimum proportions of bromine 
required to change the potentials of the three couples in water 
varied directly as the atomic weights of the three positive met ale. 

With chlorine the following were the minimum proportioios 
required 

Table IV.^ — Chlorine, 

With the Reflecting GalvenonietcT. 

Mg -I- Pt between 1 in 27,062,000,000 and 32,291,000,000- 

With th2 Astatic Galvanometer. 

Mg -h Pt between i in 17,000,000,000 and 17,612,000,000 

Zn -I- Pt ,, I ,, 1,264,000,000 ,, 1,300,000,000 

Zn + Au I,, 518,587,360 550.5*3.022 

Cd + Pt „ I „ 8,733,sS5 ,, 9.270,833 

Zn + Cd ,i I ,, 55.43^ .» 7®>4^7 

In the case of chlorine, as well as that of bromine, the 
magnitudes of the minimum proportions of substance required to 
change the potential of magnesium-platinum, zinc-plntinuiU, and 
cadmium-platinum, varied directly as the atomic W'eighis of the 
])ositivc metals. 

The examples contained in the paper show that the prop:^rtion 
of the same exciting liquid necessary to disturb the potential of 
a voltaic couple in water varied with each different ix>i:itive or 
negative metal, and that the moie positive or more easily 
corroded the positive metal, or the more negative and less 
easily corroded the negative one, the smaller usually was the 
minimum proportion of dissolved substance necessary to change 
the potential. 

By plotting the results in all cases, it was found that the order 
of change of potential, caused by uniform change of strength of 
liquid, varied with each positive metal. 

The results also show that the degree of sensitiveness of the 
arrangement for detecting the minimum-point of change of 
lX)tcmml depends largely upon the kind of galvanometer 
employed. 

As a more sensitive galvanometer enables us to detect « 
change of potential caused by a much smaller proportion of 
material, and as the proportion of substance capable of detection 
is smaller the greater the free chemical energy of each of the 
uniting bodies (Roy. Soc. Proc., June 14, 1808) it is piobable 
that the electromotive force really begins to change with the 
very smallest addition of the substance, and might be detected if 
our means of detection were sufficiently sensitive, or the free 
chemical energy of the uniting bodies was sufficiently strong. 

“The Voltaic Balance.” By Dr. G. Gore. F.K.S. 

A Nezoand SimfU Aectun Expenment , — Take two small clean 
^glass cups containing distilled water ; simultaneously immerse in 
^each a small voltaic couple, composed of either unamalgamated 
magnesium or zinc witli platinum, taking care that the two 
pieces of each metal are cut from the same piece and arc i>er' 
fectly clean and alike. Oppose the currents of the two couples 
to each other through a sufficiently sensitive galvanometer, So 
that they balance each othet and the needle docs not move. 
Now dip the end of a slender glasb rod into a very weak aqueous 
solution of chlorine, bromine, iodine, or hydrochloric acid, and 
then into the water of one of the cutis* The voltaic balance is 
at once upset, as indicated by . the measurement of the needle, 
and may l>e shown t,o a large audience by means of the usual 
contrivances. 

The chief circumstance to be noticed is the extremely great 
de^ee of seoaitiveDeiw of the arrangement in certain cases. This^ 
is uvpwn by the following instances of the minimum proportions^ 
of substance required to upset the balance with an ordinary 
astatic galvanoaiater, and with a I'homson’s reflecting one cf 
3040 ohms resiitance. 

1. Zine and PlaHnum with Iodine, — With the astatic 
g^vauomielei', beiween i part of iodine in 3,100,000 and 
,3,531,970 of water. 


33fr 


NATtrMB 






a* Zinc untl Plmiinum with ifydrochl&ric Acid — With the 
astatic galvanometer, between i in 9,300,000 and 
parti ; and with the reAecting one, between 1 in 

23.350.000 parti* 

3. AfOjgutsium end P/aiinum wUh Bromine* With the 
aitatio guvanometer, between l in 310,000,000 and 344,444^444 
parte. 

and Platinum with With the astatic 

galvanometer, between i in 1,264,000,000 and 1,300,000,000 
parti. 

a. Magneeiumand Platinum with Chlorine* — With the astatic 
gmfvanoineter, between i in 17,000,000,000 and 17,612,000,000 
parU ; and with the reflecting one, between 1 in 27,063,000,000 
and;33^29i, 000, 000 parts of water. 

different soluble inbstance requires a different proper- 
tion> and with unlike substances the difference of proportion is 
extremely great. With solutions of neutral salts, the proportion 
of su balance required to upset the balance is large ; for instancy 
with chlorate of potash, a zinc-platinum couple, and the astatic 
galvanometer, it lay between I part in 221 and 258 parts of 
water. 

Ihe degree of sensitiveness of the balance is usually greater, 
the greater the degree of chemical affinity the dissolved substance 
has for the positive metal and the less it has for the negative 
one. 

By first bringing the balance with a maraeaium -platinum 
couple and the astatic galvanometer nearly to the upsetting-point 
by adding 1 part of chlorine to 17,612,000,000 parts of water, 
and then increasing the proportion to 1 in 17,000,000,000, the 
influetice of the difference, or of 1 part in 500,000,000,000, was 
distinctly delected. 

“ Magnetic Qualities of Nickel." (Supplementary Paper.) 
ByJ. A. Ewing, F.R.S., Professor of Engineering in iTniversity 
College, Dundee. 

The paper is a supplement to one with the same title by Prof. 
Ewing and Mr. G. C. Cowan, which was read at a recent meet- 
ing of the Society. It describes experiments, conducted under 
the author’s direction ^ two of his students, Mr. W. Low and 
Mr. D. Low, on the effects of longitudinal compression on the 
magnetic permeability and retentiveness of nickel. The results 
are exhibited by means of curves, showing the relation which 
was determined between the intensity of magnetisation of the 
metal and the magnetising force, when a nickel bar, reduced to 
approximate endlessness by a massive iron yoke which formed a 
magnetic connexion between its ends, was magnetised under 
more or less stress of longitudinal compression. Corresponding 
curves show the relation of residual magnetism to magnetising 
force, for various amounts of stress ; and others are drawn to 
show the relation of magnetic permeability to magnetic induction. 
Initial values of the permeability, under very fqcble magnetising 
forces, were also determined. The exponents were concluded 
by an examination of the behaviour of in magnetic fields 
of great strength. Magnetising forces racing from 3000 to 

13.000 e.G.S. units were applied by placing a abort bobbin with 
a narrow neck made of nickel between (ne poles of a large 
electromagnet, and it was found that these produced a practical 
constant intensity of magnetisation which is to be accepted as 
the saturation value. 

Paris. 

Astronomical Society, June 6.— M. Flammarlon, Presi- 
dent, in the chair. ^ — Various drawings and observations were 
sent by MM, Petit, Kengel, and G. VaUet.—M. Flammorion read 
a paper on the solar eclipses of the 19th century, shewing strong 
discrepancies between M. Oppolzer's charts and the results of 
observation. Replying to M. Oppert, M. Flammarion said he 
should not advise historians to base their investigations on those 
charts,— M. M. Cornillon sent drawings of a large sunspot from 
Ma^ 11 to 23. M. Schmoll said that this spot was just on the 
limits of visibility to the naked eye from May 16 to l8, — M. 
Gaudibert sent a drawing of the lunar crater Flammarion. A 
fine rill traverses this crater, and extends to Reaumur after being 
interrupted by syme hills.— M. Schmoll related an observation 
of the lunar crescent on May 12, the moon being 41} hours old. 
Its breadth was from 30'' to 3j^— M. Trouvelol presented to 
the Society a series of celestial photographs offered hy Prof. 
Pickering, of Harvard College. The photograph of the Pleiades 
is speciany interesting, and shows the straight trails of nebulous 
matter which form such a striking feature in the lost negatives 
obtained by MM. Henry.— Thanks were returned to Prof. 
Pickering, who was unanimously named honorary member of the 


Society on the proposition of M. Trouveloe and Cbtoefet 
Laussedat.— Colonel lAauedat explained his method Of 
puting solar eclipies gnmhlcally^ which is two or three tUnei 
more rapid than the usual numerical calculation. 

Amstkrdam. 

Royal Academy of Sciencee, June 30.— M. Beverinqk 
stated the results he has obtained from experiments on hybrid- 
ism or crossings with common barley {mrdeum vulgait^ AT) 
hexasHehon^ H* distichon^ //. ZeoentoHf and Af. trijureatum* 
made by him since 1884 on a large scale, and illustrated his 
subject with specimens, some dri^ and others preserved in 
spirits. He described the precautions to be talcen in such 
crossing experiments, and deduced the following conclusions 
(i) All the above-mentioned sorts of barley may be crossed 
with facility, indiscriminately. (2) The hybrids thus obtained 
are very perfectly self-fertile those produced from ff* vuigare 
(fern.) ana H* distichon (m.), and those from ff* vu^gare ^m.) 
and ff* Zeocriton (m.) even cleistogamous. (3) The hybrids of 
the first generation partake in general of a middle shape between 
the two parents. An exception to this rule was mode by those 
of.^. nudum (fern.) and ff* trifurcatum (m.), a great part oi 
which proved to belong to the not expected common inter* 
mediate form between ff vulgare and ff* distichon* A few 
specimens belonged to the expected cornutum form. (4) The 
seedlings from hybrids obtained by self-fertilization are very 
various. The speaker obtained, besides a few already known 
ones, some quite new varieties. It was remarkable that the 
third generation of a cross between ff. vulgare (fern.) and 
H* Zeocriton (m.) produced ff* hexastichon* (5) In the present 
summer, a cross effected in 1884 between//, distichon (fern.) 
and H* trifurcatum (m.) produced a form almost completely 
without awns. — M. Fiirbringer imparted the results of a research 
made by M. J. F. van Bemmclen into the origin Of the fore- 
limbs and of the lingual muscles in reptiles. 
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THURSDAY, AUGUST 9, 1888. 


THE ZOOLOGICAL RESULTS OF THE 
CHALLENGERS* EXPEDITION 

Report OH the Scientific Results of the Voyage of H.MS, 
^^Challengers* during the Years 1873-76, under the 
command of Captain George S, Nares, R,N.y F.R.S.f 
and the late Captain Frank T Thomson^ R,N Pre- 
pared under the superintendence of the late Sir C. 
Wyville Thomson, Knt., F.R.S., and now of John 
Murray, one of the Naturalists of the Expedition. 
Zoology— Vols/XXIlI., XXIV., and XXV. (Published 
by Order of Her Majesty's Government, 1888.) 

T he first two memoirs in Vol XXI II. are Reports on the 
Pteropoda by Dr. Paul Pelsenecr. Dr. Pelsenecr's 
Report on the Gymnosomatous division of the Pteropods 
was published in Vol. XIX., and we now have his Report 
on the Thecosomata and one on the anatomy of the 
whole group. 

In the first of these Reports all the certainly genuine 
species at present described are enumerated, and full 
details are given about all those which have been more 
or less imperfectly described. As the diagnoses of the 
families and genera of the Pteropods seem to have been 
copied from originals of a comparatively early date and 
without modification, it has been necessary on re-study 
to re-write these, so as to bring them up to the level of 
scientific accuracy. This monographic study of the sub- 
group of the Thecosomata has been based not only on 
the collections made by the Challenger^ but on those 
in the British and Brussels Museums, as well as those of 
several private collections. Like the Gymnosomata, these 
Thecosomata are pelagic Mollusks, which descend to 
certain depths to avoid too bright a light, and reascend 
to the surface of the water when the light is feeble or 
absent, and when the sea is calm. With a less highly 
otganized alimentary system than the Gymnosomata, the 
Thecosomata content themselves with humble prey, 
feeding mainly on Kadiolaria, Foraminifera, Infusoria, and 
even on some of the lower Algal forms. 

The Thecosomata were taken alive at seventy different 
stations, and while they include twenty-eight species, 
representing all the known genera, they have all been 
already described. Of those dredged from the deep sea, 
where “ Pteropod ooze” was found, some twenty four’* 
species could be distinguished, of which one was new to 
science. The total number of Thecosomata now known 
amounts to forty-two. 

While the generic titles given to living forms amount 
to thirty-four, these can well be included, according to 
the author, in the following eight 


^msoina, Cuvier. 
PeraclU, Forbes. 
Clio^ Linn. 
Cuvierina, Boss. 


Cavolinla, Abildgaard. 
Cymbnlia, Peron and Lesueiir. 
Cvmbutidpsis, geo. ndv. 
Giebsi, Fo^caL 


In an appendix to the account of the ^wdes of the first 
two el these genera, some account is given of the forms 
described by A. Adams as Agadina sUn^psonij and A. 
are proved to he Gastropod jfarvse., 

Sbeiis of Thecofoxnata have ip agreater 

Vol. XXXVIII.— Ha 980. 


depth than 1950 fathoms. Mr. J. Murray attributes this 
to the greater proportion of carbon dioxide in the water 
at greater depths, and to the ipore rapid solution of the 
delicate shells in sea-water under great pressure. 

The third part of Dr. Pelseneer’s Report treats of the 
anatomy of the whole of the Pteropods. With it this 
Report is now the most comprehensive treatise in exist- 
ence on the group. As a result of his studies he regards 
the Pteropods as forming not a primitive group, but, cm 
the contrary, a recent and specialized one— a terminal 
group. There are in it but a small number of species ; 
these exhibit only a slight variability, and they are prO^ 
foundly modified in adaptation to a special mode of 
existence. 

Since the days of Cuvier the Pteropoda have been re- 
garded as forming a distinct class among the Mollusca, 
of the same value as the Cephalopoda, Gastropoda, &c. ; 
but Dr. Pelsenecr regards it as proved that they are but 
Gastropods, in which the adaptation to pelagic life has so 
modified their external characters as to give them an 
apparent symmetry ; that even among the Gastropods tliey 
do not constitute a distinct sub-class, nor even an order, 
that they belong to the Euthyneura, and among these to the 
Pecti branch! ate Opisthobranchs, differing less from these 
than they differ from the other Opisthobranchs. The 
Thecosomata and Gymnosomata are two independent 
groups, not having a common origin, the former having 
descended from the Bulloidea, and the latter from the 
Aplysioidea. 

These Reports are illustrated with seven plates. 

The third Report in this volume is by Prof. G. J. All- 
man, forming the second part of his memoir on the 
Hydroida. The author has taken advantage of the 
opportunity .afforded by the typical character of the col- 
lection to make it the basis of a general exposition of 
Hydroid morphology, and this from the present stand- 
point of our knowledge, so that this Report is not a mere 
mass of descriptive and distributional details, but one 
which will have an abiding interest for the biologist. 

The rare occurrence in the collection of British species 
is striking, and would seem to indicate a peculiar definite- 
ness in the geographical distribution of the Hydro! ds. 

The few Gymnoblastic Hydroids in the collection belong 
to three genera— Sty lactis, Eudendrium, and Monocau- 
los ; the species (Af, imperator\ by which the last genus 
is represented, being perhaps the most Temaikable Hy- 
droid obtained during the Expedition. The stem, though 
only half an inch in thickness, was 7 feet in height, the 
hydranth extending, from tip to tip of the tentacles, to a 
width of 9 inches, so that, as regards size, all other 
Hydroids sink into insignificance when compared to it ; 
while the depth of about 4 statute miles from which it 
was brought up adds to the special interest of this 
marvellous animal. 

The families of the C^lyptoblastea were numerously 
represented in the collection, and among those of which 
fow examples bad hitherto been known are those to 
which befojeg the genem Cryptolaria and Grammaria, as 
well as a new and interesting genus, Perisiphonia. Idia 
hitherto pnly known by the poor description and figure of 
Lamouroux, |iroved, on the examination of good speci- 
menjS of the only species, /. pristis^ Lamx., to be con- 
structed en a type ^rte unique among the Hydroida. 
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Among other families largely represented was that of the 
HalecHdie, with not only many new species, but with a 
xiew genus, marked by the phenomenon that the colony 
is provided with bodies which admit of close comparison 
with the sarcostyles and sarcothecae of the Plumularinae, 

The curious gehus Synthecium, in which the gonangta 
Spring from within the cavity of the hydrotheca, is repre- 
sented by two new species, both from the Australian seas. 

Occur fine examples of the remarkable genus 
in which every branch of the colony 
the gonangium in Synthecium, from within 
uP^alMty of the hydrotheca. 

As regards the classification of the Hydroida, the 
author acknowledges that the time for a complete system 
has not yet come, such a one should in:lude not orily all 
Hydroid trophosomes with their associated gonosomes ; 
but all the existing Hydromedusa; should have been traced 
to their respective trophosomes, there are however many 
of these Hydromedusae not so traced, though we may be 
certain that their trophosomes exist. Of those Hydro- 
medusae into whose life history a polypoidtermhas never 
apparently been intercalated, a separate and well defined 
group must be formed. Thus the sub-orders may be neatly 
defined as (i) GymnchlasUa. No hydrothecte or gon- 
angia, Nutritive zooids when more than one forming per- 
manent colonics Planoblasts in the form of Anthomedusa;. 
(3) Calyptohlastea. Hydranths protected by hydrothccae. 
Sexual buds protected by gonangia. Nutritive zooids 
forming permanent colonies. Planoblasts in the form of 
Leptomedusa:. (3) E lent herab hist eoi. No hydrothec® 
or gonangia. Nutritive zooids not forming permanent 
colonies. No differentiated gonophores. (4) Hydros 
coraUia, A calcareous corallum (coenosteum) permeated 
by a system of ramified and inosculating ctenosarcal 
tubes from which the hydranths are developed. (5) 
Mofwpsea. Free Hydromedusas which are developed 
directly from the egg without the intervention of a polypoid 
trophosome. Auditory clubs with cndodermal otolites on 
the umbrella margin, and (6) Rhabdophora (Graptolites). 
Hydranths replaced by sarcostyles. Hydrocaulus 
traversed by a chitinous longitudinal rod. 

Thirty- nine plates accompany this portion of Prof. 
Allman^s memoir, the enlarged figures on these are all 
from the pencil of the author, while the figures represent- 
ing the forms of their natural size have been for the most 
pai‘t diawn from the specimens by Miss M. M. Daniel, 
and transferred to the stone by Mr. Hollick. 

The Report taken in connection with the previously 
published one on the legion of the Plumularinse con- 
stitutes a most comprehensive and valuable history of 
the Hydroids for which all biological students will feel 
their indebtedness to the author. 

'Fhc fourth Report is on the Entozoa, by Dr. O. von 
Linstow of Gottingen. The number of Entozoa collided 
was but small, and chiefly from the alimentaiy tract of 
birds ; four new species of Ascaris, three of Filaria, and 
one of Prothelmins, among the Nematodes, four species Of 
Taenia, and two of Tetrabothrium among the Cestoids, 
are described and figured in the two plates accompanying 
the Report. 

The fifth Report, also a short one, is by Edgar A. Smith, 
on the Heterop^. Although no new species are 
described, severd are indicated of which die material 


was not sufficient to enable the form to be described with 
certainty. 

A most useful and wonderfully complete synonymic 
list of all known forms of the group is given, and this 
Report will be found of the greatest value to all interested^ 
in the Heteropods. 

Vol. XXIV. contains the Report, by C. Spence Bate,. 
F.R.S., on the Crustacea Macrura, or rather on the larger 
portion of those found during the Expedition. This 
Report forms a volume of over 1030 pages, which is bouiid 
up separately from the 157 lithographic plates; and in the 
preparation of this great and laborious work and hs 
illustrations Mr. Spence Bate has occupied all his leisure 
during the last ten years. 

Of the enonnous ma«J of detail in this volume it would 
be impossible to give within our limits any intelligible 
account ; not only are the generic and specific diagnoses 
given with minute accuracy, but we are, in addition, 
favoured with a deeply interesting account of all that is 
known as to the developmental stages of the species ; for 
this latter purpose the notes and drawings from life of the 
late Dr. Willemoes Suhm have been largely and most pro- , 
perly used. The extreme imperfection of the records of 
the life-history of even some of our well-known forms is 
strongly insisted upon, and we would call attention to the 
subject in the hope that we may direct the energies of 
some of our younger biologists to this fertile field of 
research. 

The great and recognized experience of the author in 
all that concerns this section of the Crustacea makes his 
opinions, founded on so large a knowledge, as to the 
classification thereof, of importance. Accepting the- 
divisions of this sub-order of the Decapods, called by 
Huxley Trichobranchiata and Phyllobranchiata, though 
with a slightly different arrangement of some of the 
families, the author follows Dana in placing the Penaeidea 
in a separate division, with the name Dendrobranchiata,, 
“ while the Squillidse, Mysidse, &c.— that is, the Schizopoda 
originally, and later the Stomapoda of Latreille, Milne 
Edwards, and De Haan — arc arranged under the head of 
Anomobranchiata, which term was first used by Dana 
and afterwards by Heller ; it has therefore priority of 
date, and is less liable to misconception than the term 
Abranchiata ” of Huxley (p. 6). Afterwards we find, on a 
review of the forms included under the Dendrobranchiata, 
that the Schizopoda may be regarded as an aberrant 
group of this tribe. Prof Sars, who, it will be rememv 
bered, described the Schizopoda of the ChalUy^r 
Expedition (“ Zool. Reports," Part 37) thought it more 
appropriate for the present to assign to this group tbe 
rank of a distinct tribe or sub- order, there being several i 
well-marked characters distinguishing these Crustacea 
rather sharply from all other known Decapods." Mr, 
Spence Bate, however, thinks “ that with the exception of 
the vari^Ie condition of the pereiopoda^tbe several genera 
do not possess a single character that is not held in com- 
mon with son^ genus of the Macrura,” and conclaves- 
from excellent reasons given in detail “ that natural 
position of these ammals is that of an aberrant tifibe 
Of the Dendrobranchiata, more nearly allied to the 
degraded forms of the Pehteidea than to those of any othet’: 

group" (p, 47a)- 

Each of the three dlvisl0ns of the Maomra 
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two sections— ‘the Aberrantia and the Normalia. In 
the fortner section of the Trichobranchiata the family 
OhlalhKldae oectits, which will form the subject of a 
Ib^rt yet to appear by Prof. J. R. Henderson. 

The group Aberrantia of the division Phyllobranchiata 
consists of several tribes and fimilies that in their adult 
condition approach more nearly to the characters common 
to other divisions, but which nevertheless during the pro- 
gress of development pass through a stage common to 
the normal Phyllobranchiate Macrura. This aberrant 
group has long been known to biologists under the name 
of Anomura, and by some has been regarded as a distinct 
order of Crustacea. Here it is however regarded as a 
group of the Phyllobranchiate division of the Macrura, 
** for undoubtedly in their earlier stages they pass through 
a morphological change that is essentially Macrurous, in 
which the scaphocerite and rhipidura are both present 
as well-devoloped appendages, the latter of which they 
never entirely lose.*' 

This group will be reported on by Prof. John R. 
Henderson, although two new genera and several new 
species are described and figured in the present Report. 

It only remains to mention that with the exception of 
two out of the 157 plates all have been lithographed from 
the original drawings of Mr. Spence Bate. By this fact 
the value of this Report is intensified, as the author has 
been able to describe and figure what he has seen with a 
clearness and distinctness which far surpasses in effect 
the most brilliant work of the cleverest of artists. In an 
appendix Dr. Hoek gives a description, with figures, of 
Syhn challengeri^ a new parasite Cirriped. ' 

Vol, XXV. also contains but a single Report, that on 
the Tetractinellida, by Prof. W. J. Sollas. Perhaps no 
department of zoology has made during the last twenty 
years such rapid progress as the Sponges, and it is aston- 
ishing to think of the large number of forms that have 
been very fully examined during this period. Certainly no 
group has benefited more largely by the researches made 
during the expedition of the Challenger^ and it was the 
greatest good fortune that the collections made were 
submitted to such excellent workers as Polejaeff, F. £. 
Schulze, Ridley, Dendy, and Sollas. The joint Reports 
•of these authors, and the splendid series of illustrations 
which accompany them, form a complete history of this 
group up to the existing state of our knowledge, a ‘history 
which shows the worker what is not known as well as 
what is. 

The last of these Reports treats of the Tetractinellida, 
and in an appendix of a small group of Monaxonida, about 
the exact location of which there was for long some doubt. 
In Its monographic completeness it surpasses all the other 
Reports on the Sponges> while in the fullness of its 
moiphological details it may well serve as an Introduction 
to k knowledge of all the orders. 

Tlie Tctractlnellid Sponges of d\e CkdlUnger having 
been preserved, it was possible to medoe a thorough 
invesdgatton of their minute anatomy, a work involving 
•ah enormous amount of labour in ^cutting of thousands 
of fhin aectionsi and the separate examination of most of 
them. The iramber of species and varietCim Obtained by 
^ was 87, of which 73 aSre new bo sdenee. 

Tbese im arranged in 38 genera, of tS are new. 

there are eat specib inentti^^ whkktlr the^ 


total number of described species 294, and of accepted 
genera 81. 

Dividing the Sponges into the two classes of the Mega^ 
mastictora (with the single sub- class Calcarea) and 
Micromastictora, the latter is divided into the three Sub- 
classes of Myxespongim (Haiisarca, &c.), Hexactinellida, 
and Demospongiae. The subdivision of this last may be 
made primarily into two tribes : (i) the Tetractihdiida, 
(2) the Monaxonida. The former may be characterised 
as Demospongisc in which some or all of the solerei nrh 
tetraxons, trissnes, or desmas. The name TetraetkreUida 
was first proposed by Marshall (1876) in practicaBy the 
same sense as it is used now by Sollas. 

Into the details of the sub- orders and families of this 
tribe our space forbids us to enter. Their descriptions, 
with those of the genera, will be found in orderly 
sequence in the introductory chapter, while the descrip- 
tions of the species occupy 410 pages of the Report. 

In an appendix we have an account of the Sponges 
belonging to the Spintharophorous sub-order of the 
Monaxonida, which, under the impression that they were 
more nearly related to the Tetractinellida, had been 
omitted from Ridley and Dendy*s Report of the Sponges 
of this tribe. 

The figures of the Sponges on the forty- four chromo- 
lithographic plates accompanying the Report were drawn 
by the well-known artist, T. H. Thomas, R.C.A. The 
Sponge portraits are really beautiful studies from the 
originals. The figures representing structure were first 
traced by the author with the camera lucida, and wefe 
then drawn by Mr. Thomas direct from the preparation 
under the microscope. 


MA TTHE IV FONTAINE MA UR K 
A Life of M. F. Maury, US.N and CS.N, Compiled 
by his Daughter, Diana Fontaine Maury Corbin. 
(London : Sampson Low, 1888.) 

A MEMOIR of the illustrious founder of the science 
of the physical geography and meteorology of the 
sea, written by the tender and loving hand of his daughter, 
cannot fail to be of interest, not merely to that section 
of thinkers and workers who are engaged in the branch 
of science which Maury especially cultivated and adorned, 
but to the larger world who appreciate, and arc bene- 
fited by, the perusal of the biography of a man of power- 
ful and vitalizing imagination, disinterested labour for 
the public good, self-denying patriotism, and indomitable 
perseverance. 

Family memoirs ate too often apt to degenerate into 
a mere panegyric of pul^ic and private virtues, coupled 
with a disinterment of private matters which an un- 
biassed stranger would have too much tact and modesty 
to expose, and which often destroy all the effects of the 
accompanying eulogy. Mrs. Diana Corbin has, fortunately, 
succeeded in avoiding these pitfolls, and by a judicious 
blending of history, correspondence, and extracts from 
lectures, has enabled the reader to form his own judgment 
of the merits and services of her rmowned father. 

Descended from the French Huguenots on one side, 
and the Eni^ish Brotisstaats on the other, Maury seems 
to have uniM in hse own person the lively imagination 
we uncontdemAy avtodate with the former, together wish 
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the ao^newhat austere and unflinching determination of 
thfc latter ; and it was by the rare union of these two 
qualities that he was enabled to vivify the dry statistics 
which, until his arrival, lay buried in the log-books on 
the shelves of t^e Hydrographic Bureau at Washington, j 
like the ooze at the bottom of the Atlantic. 

An accidental fall from a tree, early in life, took him 
from the farm to school ; and a subsequent fall from a 
itage-COBch, which permanently crippled him, appears to 
ha^e eaercised a still greater effect on his career by divcrt- 
in|^ Itlln from his active physical service in the American 
M&vy, to the mental stu<|^ of the scientific branches of 
the profession. His ap^intment to the Naval Office 
at Washington, mainly through the publication of his 
anonymous “ Scraps from the Lucky-bag,” on naval 
reform, led to its subsequent development into what 
is now the world-known National Observatory and i 
Hydrographical Department of the United States. Here | 
it was that he inaugurated his sailing directions,” 
and elaborated bis famous wind and current charts,” 
the absolute commercial value of which, in shprtening 
voyages, was soon universally recognized, though, as 
usually happens, most tardily by his own country, where, 
though a Bill for remunerating their author to the 
extent of ^£5000 appears to have been brought forward 
(unknown to Maury) in January 1855, in the following 
month he was virtually placed in official disgrace, by 
being retired from the Active Naval List and having his 
salary reduced to ^300, 

This manifest injustice to a man, whose mind, if not 
body, was actively engaged in the highest branches of 
naval service to his country^, was, after persistent vindica- 
tion of his rights, repaired in 1858, when he was pro- 
moted to the rank of Commander, with back pay from 
the time of his retirement. 

While tabulating the observations for his charts, Maury 
fascinated the world by the publication of the “Physical 
Geography of the Sea and its Meteorology,” a book 
which, although some of its conclusions — such as an 
open sea surrounding the North Pole, and the crossing 
of the winds at the calm belts — have been found to be 
untenable in the light of more recent facts and research, 
still remains substantially trustworthy, and certainly im- 
equalled by any modern treatise embracing the same 
subjects. It would be difficult to adequately estimate the 
immense contemporaneous and subsequent value of such 
a work, written in the charming and enthusiastic style 
which characterized all its author’s productions. The 
present writer traces with gratitude his first attraction to 
physical geography and meteorology to this delightful 
book, of which most truly it can be said, that it realized 
Matthew Arnold's ideal combination, ** sweetness and 
light” 

By this book, Maury not only taught the world, but 
he pleased it at the same time, and he accomplished 
this rare result, without pandering in any way to mere 
popular taste, or forsaking the platform of truth. His 
popularization of a subject until then hardly dreamed of 
as a science resulted in the greatest achievement of his 
life, viz. the assembly, chiefly through his instrifmchtality, 
of the International Meteorolo^cal Congress at BrU^ls, 
in 1853, which marked the commencement of the present 
co-t^seration of nations in the work of both marine and 


land meteorology. Regarding the latter, indeed^ Maury 
uttered a prediction, on p. 350 of his “ Phyaical Geo-- 
graphy,” to the effect that ** the greatest move that can 
now be made for the advancement of meteorology is to 
extend this system of co-operation and research from the 
sea to the land, and to bring the magnetic telegi^h 
regularly into the service of meteorology.” 

At the present time, when the old question between 
the “ cyclonologists ’* so-called and the “ aspirationists ” 
seems likely to be renewed by M. Faye and some of 
his disciples, it is interesting to notice that Maury never 
accepted either the purely circular doctrine of Reid, or 
the purely radial thaory of Espy, but agreed with Thom 
and Redfield in thinking that the wind in a true cyclone 
blows in spirals, and he gave excellent reasons for his 
belief. 

Maury’s study of marine meteorology and physical 
geography not merely aided commerce by shortening 
passages, but enabled him to give material assistance to 
the laying of the first Atlantic cable to Europe ; and, in 
fact, it was to his prediction of the ** telegraphic plateau,” 
and acute suggestion of a cord instead of heavy cable 
for the deep-sea portion, that the viltimate success of this 
enterprise was mainly due. From the sea, Maury turned 
his attention to the Great Lakes and the land, and his 
ardent espousal of the cause of agricultural meteorology, 
and the lecturing tours he made on behalf of this subject 
in all parts of the States, not only led to the establishment 
of the present magnificent Weather Bureau of the United 
States, but incidentally to his own decease through the 
fatigue and exposure thus encountered. 

Maury’s early religious training and temperament ap- 
pear to have exercised a large influence on his public and 
private life. His physical geography is illustrated by 
frequent extracts from the Book of Job, and is instinct 
with the same spirit which prompted and pervaded the 
memorable Bridgwater Treatises. The following extract 
from his address to the University of the South will 
indicate this phase of his mind : — 

Astronomy is grand and sublime, but astronomy 
overpowers with its infinities and overwhelms with its 
immensities. Physical geography charms with its won- 
ders, and. delights with the benignity of its economy. 
Astronomy ignores the existence of man ; physical geo- 
CTapfay confesses that existence, and is based on the 
Biblical doctrine that the earth was . made for man. 
Upon no other theory can it be studied— upon no other 
theory can its phenomena be reconciled.” 

The Civil War unfortunately destroyed the continuity 
of Maury’s work at Washington, and altered the whole 
I course of his subsequent life. Impelled by a -spirit of 
pure patriotism towards the Sute of Virginia which had 
reared him, he threw up his post in the North, and 
devoted himself to the Southern cause. No one who 
reads the life before us, and his “vindication of the South 
and of Virginia” in the appendix, can doubt the pute 
unselfishness of his motives. He had everything to lose, 
and nothing to gain, from a material point of view, by 
his action, and well he knew it. Essentially a oian qf 
peace, and deeply attached to his work at Washington, 
we cannot but admire his voluntary resignation of aH to 
, a sense of duty. 

His acienti£^ abilities directed into a new 
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nel| led to the development of the electrical torpedo, by 
which he materially aided the South, and which he after- 
waida introduced into Europe, whither he was sent during 
the war, to purchase torpedo materials. 

His subsequent connection with Mexico, and his 
scheme for emigrating Southerners thither, though de- 
signed with a view to ameliorate the condition of his 
countrymen, and to open up a grand country, was never 
approved of by his friends, was politically a mistake, and 
terminated abruptly with the abandonment of the country 
by the French, and the assassination of the Emperor 
Maximilian. After this he returned to England, and, 
ultimately, to a Professorship in Virginia. 

All through his chequered life he mfiintained an un- 
faltering devotion to meteorology, aftd his latest efforts 
were directed to developing a comprehensive system of 
crop and weather reports throughout the States. 

The perusal of this interesting book leaves us with a 
deep impression of the comprehensive grandeur and 
philanthropy of Maury's mind. A rare spirit of devotion 
to science, not merely for the pleasure it always affords 
its devotees, but for the good it could achieve in the 
service of man, pervaded his whole life, and the addi- 
tional record here presented of work done and schemes 
initiated, will add fresh laurels to the imperishable fame 
of its subject. E. DouGiJts Archibald. 


OUR BOOK SHELF. 

Pflanzen-Teratohgie. Von Maxwell T. Masters, M.D., 

F.L.S. Ins Deutsche iibertragen von Udo Dammer. 

(Leipzig: H. Haessel, 1886.) 

It will be satisfactory to English botanists to find that a 
translation of Dr. Masters’s classical work on vegetable 
teratology has been called for in Germany. The present 
German edition is not, however, simply a translation, as it 
has received many additions fronrthe hand of the author. 
The work is thus of interest to English as well as to 
German readers, for it constitutes the most complete 
account in any language of abnormal structures in plants. 
The great value of such a record of teratological facts will 
be admitted by all botanists, however much they may 
difier as to the morphological significance of these 
phenomena. 

In the German edition, the number of figures in the text 
has increased from 218 to 243. As a few of the original 
woodcuts have been omitted, the number of new figures is 
somewhat greater than appears from the total increase. 
Besides the additional woodcuts, a lithographed plate 
has been added, drawn by the translator from original 
figures of Gdschke and Magnus. 

Some of the more important additions to the original 
work may here be noticed. At p. 35 a new section is intro- 
duced, on fasciation of the root, illustrated by a woodcut 
(Fig. 8) of the singularly fasciated aerial roots of Aerides 
Caspary’s view that only a single g[rowing point 
takes part in the formation of each fasciated root is 
cited. 

Fig. 66 (p. 155) shows a proliferous male^flower of a 
Be^nia, in which the stamens are entirely^ab^nt, and 
recced by flower-buds. The curious case of the develop- 
ment d flower-buds on the root in Pytus is illustrated by 
I^ig. 91, described at p. 188. A remarkable abnormally 
in a Fuchsia is shown in Fig. 98 (p. £o8). Here two 
stamens (one simple and the other bra^chea) have arisen 
in the axils of a pair of foliago-leaves, which are adherent 
torbe iii^or ovary. On p. 213 some figures have been 
added to further illustrate the formatkm of adventitious 


siliqus in Crucifers in the interior of the normal fruit. In 
Figs. 1 31, 132, and 133 (p. 257) three interesting cases of 
regular peloria in orchids are shown. 

A striking instance of pistillody of the stamens in a 
Begonia is figured on p. ^53 (Fig. 178). In this flower the 
stamens were replaced by open carpels each bearing a 
targe number of marginal ovules. A conspicuous abnor- 
msuity in an Anthurium is shown in Fig. 204 (p. 41 1), 
under the head of “ Polyphylly,” Here a great number 
of large foliaceous bracts are developed on the spadix, 
completely altering the character of the inflorescence. 

Two instances of polyandry in an Odontoglossuns are 
represented in Figs. 213 and 214 (p. 439). In the former 
of these cases all the six stamens of the typical Mono- 
cotyledonous flower are present 

It should be mentioned that the additional woodcuts 
are general! v reproductions of figures originally published 
by the author in the Gardener^ s Chronicle . In the 
plate added by the translator the most interesting figures 
are perhaps those illustrating a remarkable series of 
abnormal forms of the foxglove, the number of parts in 
a whorl varying from one to fourteen, and the flower in 
many cases being actinomorphic instead of zygomorphic. 
These figures, like most of those on the plate, are taken 
from papers by Magnus. 

It is much to be wished that the numerous observa- 
tions on teratology accumulated by Dr. Masters and others 
since 1869 could be embodied in a new and complete 
English edition. Until this wish is realized, the present 
German edition is likely to remain the most extensive 
treatise on the subject. D. H. S. 

Parish Patches. By A. Nicol Simpson, (Arbroath : 

Thomas Buncle, 1888.) 

This volume consists of a series of short essays, each of 
which gives expression to the author’s delight in some 
particular aspect of Nature. He presents no new ideas 
or observations, but he has so warm a love for what he 
calls the pastoral side of life, that most of his readers will 
find something to interest them in his glowing desenp- 
tions of scenes which appeal strongly to his sympathies. 
The work is well printed on good paper with wide 
margins, and it is carefully illustrated by engravings 
from drawings by Mr, John S. Fraser. 


LETTERS TO THE EDITOR. 

\The Editor dots not hold himself responsible for opinions 
expressed by his correspondents. Neither can he under- 
take to return, or to correspond with the writers of, 
rejected manuscripts intended for this or any other pari 
oj Nature. No seotiee is taken of anonymous communi- 
cations,] 

PunctSonleas Organs. 

I HAVE read with extreme interest the abstract, given in your 
number of July a6 (p. 310), of a paper by Prof. Ewart, on the 
** Structure and Development of the Electric Organ of Ra/a 
radiataP It bears upon a question of fundamental importance 
in biological science. Organic nature is full of organs, or of 
structures, which arc either wholly or partly fauctionless. Some- 
times they are called “aborted’^; sometimes “degenerated” ; 
sometimes “ rudimentary ” ; sometimes “ representative. ” But 
under whatever name, the Darwinian philosophy almost in- 
variably explains them as structures, or parts of structures, which 
must have once .been useful, and have become functionless by 
atrophy or disuse. 

This is a natuctl and necessary consequence of the doctrine 
which ascribes aH organic structures to utility as a physical 
cause, ytility as a mental purpose is kept out of sight. Utility 
in this lost aetiM explaina rudimentary structures by the uses or 
purposes whidi they are to serve in the future, or which, at 
least, they ate capable of serving in the future. In this aspect 
rudimentary structures become “prophetic germs.” But we 
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now know that Darwin denounced this interpretation of them, 
and ww that if the doctrine of prophetic germs coidd be 
established, his own theory would be reduc^ to rublinBh. 

Accordingly the more Mvanced Darwinians always consider 
funotionless orgaos or structures as relics of a past in which 
they were useful^ They are nevhr interpreted as utilities which 
are yet to be. 

1 have always thought that if the doctrine of development be 
ttue, functionless organs must be, as often as not, the germs of 
potential use, and not necessarily at all the remains of past 
■ctuai use. 

we want in this great question is physiological facts to 
indlt^te the one interpretation or the other. Hitherto 1 have 
ne^er met with a case in which any expert interprets fnnetion- 
less organsas structures on the way to usC* Perhaps no organ in 
any creature is more wonderful than the electric organs of certain 
fish. Any light cast upon their origin is a light cost on all organic 
apparatus. Here we have a case in wnich a distinguished 
pnyuiologist detects, or thinks he can detect, an organ in process 
of being built up for the discharge of a very definite and peculiar 
fimetion— a function for which it is not yet nt, or is but very 
imperfectly fitted. 

This fact does not tell against development or evolution. But 
H does tell, and tells fatfily, against the element of fortuity, 
which is inseparable from the idea of ** natural selection, and 
to which Darwin attached so much importance, at one period of 
his life, and to which many of his disciples attach equal import- 
ance still. The fortuitous element is, in fact, the main ground 
on which they value it. But everywhere, in reasoning and in 
observation, it is breaking down. Argyll, 


**SyiThapte8 paradoxu«.” 


Concerning Prof. Newton's remark in Nature, Jwly 26, 
p. 29S, on the occurrence of paradoxus in France, I 

Deg to communicate that I picked the following dates out of 
several journals 

May 2S : On the sand^downs of Noirmoutier, Di^i, and 
Olonne, in the VendtJe (several hundreds j three were killed). 

. May 31 ; Calais (ten specimens ; one w*as killed). 

Commencement ofjune; Nantes, Bretagne (one killed). 

Middle of June i North of the country. 

I am sure that we shall get much more news from France. 

Dresden, August a. A. B. Meyer. 


Milk V. Fire. 

In Mr. Rust’s note in Nature, vol. xxxvil p, 583, there 
is mention of a superstition that milk albne can extinguish 
a fire kindled by lightning'-a belief that existed in Cambridge- 
shire, and which is entertained by the Sudan Arabs. 

The Sinhalese (natives of Ceyfpn) have a simitar belief in the 
efficacy of milk. When an epidemic such as small -pox breaks 
out in a village, two games of a religious character, An Edlma 
(horn pulling) and PohgehUua (striking cocoa-nuts together], are 
played in public for a couple of days. Then the Kapurdla (lay 
priest), and those who have taken part in the. games, go in pro- 
cession with music, &c., to every house in tpe village, where 
arrangements have been made for the KapurAla’s reception. The 
house and grounds are cleaned ; the inmates wear newly- washed 
clothes ; and portions of the ceiling and fibor are covered with 
whitfi cloths. A lamp is lit at the threshold of the building. The 
K^tila carries on earthen pot containing either cocoa-nut 
witlc or water medicated with saffron leaves, and over which 
charms have been pronounced. On bis arrival at the door he 
chants a song about a fire in Maduripura (Madura, South India) 
which was quenched by the goddess Pattini with milk, Heihen 
pours the fluid from the earthem vessel upon the lighted lamp 
and extinguishes It. 

The Sinhalese use the expression “ May milk be pouted on 
him [or her],” when desiring to avert from some one an impend- 
ing ealaroity, or to counteract a curse or prophecy of evil 
pronounced a^inst him. 

The idea oTemployiitf milk to quench the fire of an epidemic 
(typified by the flame ofa lamp), and the idea of the deky pour- 
ing milk on an individual m order to protect him from mausnant 
Infinenoes, appear to be somewhat analogous to the Imli# 
milk alone will extinguish a confly;ration kindled by thh fire 
from faoaven. F. M. WlcKRAMAamoftA. 

Colombo Museonti Ceylom June 30, 


The Red Spot on Juf^er. 

An observation whh my 10-incb reflector, power on 
Aitgust 5, 1886, ehowed the red spot pasi^g the pum'a 
central meridian at about yh, 48m. Comparing this with thp 
first observation 1 obtained of this object during the present 
opposition, vie, on December 28, 1887, at 2oh. 23m., X Bnd 
that the rotation-period of the spot during the atoll, tflu 
25 m. elapsed during the perlo<l referred to was ph. 55m. 
40'34s- (533 rotations), which is slightly less than what 1 dernm 
from the preceding opposition, 1886-87, when the figures were 
ph. 55m. 40*5s. (609 rotations). 

If the entire interval is taken between observations eeoU^ 
here on November 23, 1S86, and August 5, 1888 (embracing 
620^ days), 1 find that the mean rotation-period has be<n 
9b. 55tn. 397s. (1500 rotations). This clearly proves that tl|e 
velocity of the spot is increasing, for at the opposition 6f 
1885-86 the period was ph. 55m. 4ris. (659 roUtKjos), and it 
had been increasing since 1879, when it was only ph. 55m. 3^ 
The inference now seems tenable that its accelerate modoD 
may so reduce the rotation-period in a few years that It wiU 
return to the rate it had in 1879. Tliere is also great prob- 
ability that the spot is affected by cyclic variations, the period of 
which may be determined by further observations. 

It is desirable to obtain views of the central passages of the 
red spot os late as possible in every opposition. A good telo- 
fcope directed to the planet at the following times will show the 
spot very near its mid-transit : — 



h. 

m. 



Aug. 12 

... 8 

36 

Sept. 

8 

17 ... 

7 

45 


*5 

24 ... 

... 8 

34 


20 

29 ... 

... 7 

43 


27 

Sept. 3 ... 

... 6 

S3 

Oct. 

2 


The low position of Jupiter during the present year has some* 
what hindered the successful observation of his more delicate 
features, and during the next opposition of 1889 the planet will 
be in 23^* S. declination, so that the study of his surface ought 
to be undertaken in southern latitudes, where the conditions are 
more favourable. W. F. DenNING, 

Bristol, August 6. 

Circlet of Light. 

The appearance described below was visible in Penrith and 
the surrounding district oq Thursday, the 2nd inst., from 5 p.m, 
nearly till sunset. Round the sun as centre, at a (fistance of 
about 28®, about three-quarters of a circle of light were visible, the 
lowest quarter being absent. About a quarter of a circle of 
equal size touched this circle'at its highest point. In the region 
of contact of the circles a space about 4* long and broad 
seemed common to the two cudes, as if they there overiappedt 
and this part was very bright, and bordered with red on. the Aide 
towards the sun. The remaining parts of the circles were fainti 
and only to be seen when the disk of the sun was hidden by ^ome 
obstacle ; they were about i'’ wide, 

Edmund Catchpoou 
Weslloigh, Weston-super-Mare, August 6. 


MlcbeU'a problem. 

The issue of Nature of July 19 (p. 272) contain^ a cow- 
municttiion from Mr. Sydney Luplon on “ MicheH's Prertriom.'* 
I regret the author has not seen my pai>er on the same subject 
published in the Afaffuetw, November 1887, 

Kandom Scattering of Points on a Surfisce.” 
put forward by the late Prof. Forbes to the wgument of MidbaU 
concerning the pbyiical conneciion of double stars lire ibm 
analyzed, and it u shown that the experiments by which PioL 
Forbes assnmed to invalidate it are on the contrary a very 
decisive expcrimentalproof for and illustration of this atgumM- 
Mr. Litton says, ** The probability of exactliy uniform SMbn- 
tion i-* Michell, however, seems to assume tbupmbgbl^ 
to be 1, or certainty.^' 1 hilly agree With the former part 
statembttt, never did Michell assume the obviously Wrtre- 
neoua view on the distribution of stars ascribed tO Mm 
Lmmm In me letter. It is tme ehM it k n oomman 
oafo of A>4# oottfoond random scUtteilim %llli 

ttowmn dbtv^brttfoii; bnt MiriieR has not follen 

Xiondeiw August 3, . .JostfH 
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Cloud Blcotiric PotenkiftL 

Ukper the above heading, in Nature of July 19 (p, 169), 
haa jttat come into my hands, Mr. £. IdoRgiRd Archibald 
CffitieuBS a statement of mine in Part IIL of ** DMchatiel," re- 
Mloctiiig electrified drops of water in a cloud. The following is 
the stieraent : — 

* * The coalescence of small drops to form Urge ones, though 
it inceeases the electrical density on the surfaces of the drops, i 
doea not increase the total quantity, and thtrtjon cannot directly 1 
it^uenci the observed potential,^* I 

At the word “therefore** I give a reference to a previous 
section, in which it is^ shown that the potential at a point is the 
stun of all the quotients //r. q denoting an element of the 
electricity to which the potential is due, and r the distance of 
this element from the point in question. Since the coalescence | 
of drops is without effect on the value of each q and its corre- J 
fiponding r, it cannot affect any one of the quotients ^/r, whose 
sum constitutes the potentiaU 

Mr. Archibald’s criticism is : — 

“ Surely this entirely omits the feet that the capacity of a sphere 
is equal to its radius, and thus, in the case of eight equal spheres 
coal^ing into one, not merely would the density be doubled, 
but the potential of the same quantity would be increased four 
times.** 

This criticism rests on two false assumptions ; — 

First, that the potential of a drop depends on its own charge only, 
and can therefore be computed by dividing its charge by its radius. 

Secondly, that the potential of the drops (which on this sup- 
position would be very different from the pitetitlal at a point 
midway between two drops) can be identihed with ** the observed 
potential.” J. D. Everett. 

Cushendall, Co. Antrim, August 3. 


r/fM ABSORPTION SPECTRA OF CRYSTALS. 

A LL who are interested in the difficult work now going 
forward in so many chemical laboratories, in connec- 
tion with the nature and constitution of those most 
complex mixtures known as ** rare earths,** and who 
recognize the extremely important influence which the 
solution of this subject must exert upon the very basis of 
our modern chemistry, will gladly welcome a new and 
exquisite means of investigation which M. Becquerel has 
rftceotly brought to light. 

As the reward of a most exhaustive study of the 
changes which are brought about in a beam of light by 
its passage through a crystal, M. Becauerel has discovered 
Che key by means of which he is enabled to interpret the 
subtle indications which the issuing rays afford as to the 
nature of the molecules among which they have been 
threading their way. It appears at first sight more than 
wonderful tliat these delicate indications can have led to 
precisely the same weighty conclusions as those arrived 
at from the renowned physico-chemical lesearches of 
Auer von Welsbach, Lecoq dc Boisbaudran, Demarqay, 
Soret^ Crookes, and Kniss and Nilson. Yet such inde^^ 
is ^ case, and it even appears likely that the new method* 
may be carried still further into the region be>T>nd that 
which has up to the present been reached by these 
exMimeiUers. 

In order to explain the nature of this discovery, it will 
be necessary to describe the experimental steps which 
have led M. Becquerel towards it. In the year j866 
Bunsen found what now appears to be the germ of a great 
litinciple^thot when a crystal of the smphate of the 
subsheace didymium, now known to be a most complex 
was traversed by a beam of plane-polaHzed Ught 
vibrating at an angle of 30° to the horiiontal djagbnaT of 
thejcmtal^ the absorption spectrum was sightly dififerent 
that which was obtained when the ray was poUrieed in 
a plane at right angles. This obsaCyadondid not attract 
tnuih stteation at the time« h beiag 
acitriatia nisditllestation of the phenomonan isf pleoc^ 

Sorhy, however, in 1869 again rec^oed toe question, 
wing found that in fiitons the ordihaty and extra- 


ordinary rays presented different bands of absorption. 
Since that time Becquerel himself has shown that the 
same applies to all birefractive crystals which give 
absorption spectra. 

With so much premised, we are now in a position to 
consider the main results of this more recent investigation. 
They may be very briefly summarized as follows : — 

(1) The bands in the absorption spectra of all crptah 
have fixed positions ; the intensity alone varies with the 
direction of propagation of the light. 

(2) In most crystals, the princi^ directions of absorp- 
tion coincide with the directions of optical elasticity. 

(3) in certain crystals the directions appear to be veiy 
different for different bands, but they always remain 
subject to the conditions imposed by the crystalline 
symmetry ; thus in monoclinic crystals one of the principal 
axes of absorption always coincides with the axis of 
symmetry, and the other two rectangular axes are situated 
in the plane of symmetry. 

Hence it appears to be a fact that the absorption of 
luminous radiations of fixed wave-length admits of three 
directions of symmetry. These directions appear generally 
to with the principal directions of optical 

elastic^, wil)h the exception of certain remarlcable 
auomaUes in particular crystals, Here, however, is the 
,u 4 iqle of the matt;er. Why these anomalies? Just 
as from a consideration of the deviations from Boyle*s 
law physicists have learned how to measure the size of 
those wonderfully minute entities familiar to us as mole- 
cules, so has M. Becquerel extracted a most important 
principle out of the anomalies to the law of absorption 
m crystals. 

It appears probable that absorption may be due to a 
physical phenomenon dependent upon the intermolecular 
movements. The intimate relation between phosphor- 
escence and absorption, notably in the compounds of 
uranium and certain of the rare earths, appears to show 
that in solids and liquids the radiations absorbed are 
those which vibrate in unison with the molecular move- 
ments. This conception is in fact nothing more than an 
extension to solids and liquids of the well -verified law oi 
the absorption by incandescent vapours. 

As the molecular elasticity varies in different directions 
in crystals not isotropic — that is, not belonging to the cubic 
system— so will the absorption vary ; and if, in two 
isomorphous substances, the directions of molecular 
elasticity do not exactly correspond, the directions of 
different absorption in the two substances will vary in 
like manner. Now it is quite true that many crystals of 
isomorphous substances— that is to say, substances of 
analogous chemical constitution crystallizing in similar 
forms — have their optic axes unequally inclined. 

If we crystallize two such substances together, in 
gradually increasing proportions of one of them, we find 
that the angle between the optic axes in the mixed crystals 
diminishes progressively until it reaches zero, after which 
the two axes again diverge in a fdane perpendicular to 
their original plane. Thus can we cause the infiu^|qe of 
each in turn to preponderate. 

Each chemidd. subsunce therefore exerts its own 
fluence, and the molecules retain the optical properties 
which they manifest when the substance crystallizes alone. 
Hence the propagation of luminous waves ts the resultant 
of the actions which each of the molecules composing 
the crystal exerts upon luminous vibrations. If the 
directums of a^rp^fon do not coincide with the axes of 
optical efostid^^ it indicates the presence of molecules of 
difl^reot substuices fo the crystal. From these considera- 
tions it will he evident that the anomalies are probably 
due to the coexistence in the same crystal of different 
mattere* geomeibricahy isomorphous, but optically unlike, 
and whkh h^nrh the aosorptioa poiiU of view behave as if 
each weie afoae. the use of spectroscope will there- 
fore enable U6 to rocegnise the individuality of differently 
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Absorbing molecules in tbe molecular grouplnffs^ which 
Other optical methods cannot indicate ; for the absorption 
due to one molecule is independent of that of a neigh- 
bouring molecule, while tbe phenomena of refraction only 
show resultant effects. 

Further, as experiment shows that in most crys^IiOe 
substances the principal directions of absorption coincide 
with the princi^ directions of optical elasticity^ and as it 
is probably rignt to assume that each molecule is subject 
to the same laws as the whole of the crystal, there is no 
reason to suppose that the directions of symmetry should 
different m the molecule and in the crystal, provided 
l^e latter presents no optical anomaly. One can there- 
fore assume that tbe principal directions of absorption in 
the molecules themselves coincide with their axes of 
optical elasticity, and that in mixed crystals the anomalous 
directions of absorption indicate the direction of the optic 
axes of the different absorbing substances. If this is 
reallv the cause of the anomalies in the direction of certain 
bands, each group of anomalous bands ought to belong to 
different substances, of which the existence in the crystal 
is thus revealed. 

To prove the truth of this beautiful theory, M. Becquerel 
points out the signi^cant fact that among the substances 
which he finds to be characterized by anomalous bands, 
several have been separated chemically into their 
components. 

We have, therefore, in the observation of anomalous 
directions of absorption a new method of spectral analysis, 
a method of determining in a crystal the presence of iso- 
morphous substances, optically dissimilar. We can even 
go further still, and recognize the existence of different 
substances^ although they may not manifest anomalous 
directions of absorption. For, suppose the same bands 
are noticed to occur in the spectra of several crystals ; if 
in one of these crystals two bands become maxima or 
minima at the same time for the same direction of vibra- 
tion, and if in another crystal one of them disappears for 
the direction which renders the other a maximum, one 
may conclude that the bands are due to two different 
molecules. 

This new method of analysis appears to be specially 
suitable for use in unravelling the mystery of the constitu- 
tion of the rare earths. If, as seems now almost certain, 
they consist of the oxides of a large number of element- 
ary substances, the difficulty experiencea in separating 
them points to the fact that these constituent oxides must 
fescmolc each other closely. It is therefore most prob- 
able that their salts will be isotnorphous, and the crystals 
of these salts may consequently be expected to give 
absorption spectra of great interest in the light of the 
foregoing theory. M. Becquerel has therefore subjected 
the crystalline salts of didymium to the test of experi- 
ment, with the important result that several substances 
have been detected which chemists have recently isolated 
chemically ; and also new substances have been identified 
as constituents, dt which chemical methods have not as 
yet neveaied the presence. 

It will be remembered that Auer von Welsbach, by 
fractional crystallization of the double nitrates of didy- 
mium and ammonium, obtained two solutions— one 
possessing a green colour, showing almost exclusively 
the three bands X » 482, 469, and 445, and which he 
termed praseodymium ; the other a red solutimi, giving 
the other bands of the didymium mixture except 
X — 475*5, which received the name neodymium, The 
study of the absorption spectrum of crystals of sulphate 
of didymium now shows that the two groups X *■ 483^ 
482^2 and X « 47r5-47o, which have anomalous diret- 
tions..,to a remarkable extent, are characteristic of 
praseodymium, while most of the bands of Beodytmum 
have directions quite different Again, on examiiilBg 
these same groups belonging to praseodymium in the 
crystals of double nitrate of didymium and potassium, 


it is noticed that the bands which appear to ha^ the 
same principal directions in the sulphate have in the 
double nitrate directions quite different^ characteriamg 
two distinct substances. Later experiments by De^ 
margay have indeed shown the possibility of chemically 
isolating two constituents— one exhibiting the band X • 
469, the other giving the bands of praseodymium. 

Hence the new method proves a most valuable test of 
the accuracy of chemical work. In multiplying the ob- 
servations, Becquerel concludes that didymium is, as 
expected, a mixture of a large number of subsunces, 
chemically different; among the identified constituents 
are almost all that have been already chemically isolated, 
and very probably others, notably one substance which 
is characterized by the band X ^ 57 ^ 7 - 

A remarkable confirmation of this new law of crystal 
absorption was obtained in the following way. When a 
crystal of the sulphate of nitrate of didymium is dissolved 
in water, the spectrum of absorption of the solution pre- 
sents curious differences from that of the crystal. Certain 
bands have remained permanent, but others are displaced, 
and some have entirely disappeared. This is readily 
explained if one admits that the crystal consisted of a 
mixture of compounds unequally acted upon by water. 
The most interesting fact, however, is that the bands 
which manifest these variations are precisely those which 
in the crystal present the anomalies. 

In conclusion, we see that by the employment of this 
new method of analysis we are enabled, without destroy- 
ing the crystal, as is necessary in chemical analysis, to 
recognize the presence of different chemical molecules ; 
and as we obtain three distinct spectra from the three 
directions of optical elasticity, the method is one of 
extreme sensibility. Every investigator likes to see bis 
work confirmed, and in this most difficult field of the 
rare earths we cannot have too many confirmations. The 
more points of the compass from which we approach it the 
better, for we are sure then of surrounding and finally of 
grasping the truth itself, in all its grand simplicity. 

A. E. Tutton. 


r//£ NEW VEGETATION OF KRAKATXb. 

great volcanic eruption of Krakat^ in August 
* 1883 will be fresh in most memories. It was at 

one time reported that the island had totally disappeared, 
but this was not so. Previous to the eruption, however, 
it was covered with a luxuriant vegetation, no trace of 
which existed after the event 
Dr. M. Treub, the Director of the Botanic Garden at 
Buitenzorg, Java, when at Kew last year informed the 
writer that he had visited the island the previous yean 
and intended publishing the results of his botanical 
investigations. This he has now done,^ and as the deri- 
vation of insular floras is a subject of great interest to 
many persons, the substance of Dr. TreuVs communka^ 
tion deserves a place in Nature. 

The existing portion of KrakatsCb Island is about three 
miles across, and has the form of a mountain rising out 
of the sea. On one side it is nearly perpendietdar mmost 
to the summit of the peak, which has an altitude Of about 
2500 feet, and on the other it presents a stM) slope. It 
is situated ten miles distant fiom the Isiana of Kbesae, 
the nearest point where there is terrestrial vmaatkm $ 
twenty miles from Siunatra, and twenty-one -nmea 

J ava. Verlaten and Lang Islands, lyifmr fnuch Uflsmr 
LrakattCb, were utterly desolated and den^doA df UMi 
vegetation by the great catastropher'^am were ew 
absolutely bare in 1886. 

WHh regard to tiie total destruction of vegetable jlUb hk 
the island, Dr. Treub asserts that there can be no doubt 9 
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ibe dtiraUe seed and the best jirotected rhUome 
most have lost all vitality durinf^ the intense heat, and 
a gem was left. The whole island from the summit 
^ die peak down to the water's edge is now covered with 
m )^tr of cinders and pumice stone, varying from one to 
sixty metres in thicknesa Furthermore, the possibility 
of the new vegetation having been conveyed thither by 
man is out of the question, because the island is 
uninhabited, uninhabitable, and difficult of access. 

Therefore, the present vegetation must be due to other 
agencies, of which three different ones may have operated 
— ^mely, winds, waves, and birds. 

Now, as to the composition of the vegetation met with 
on Krakatab by Dr. Treub in June t886, nearly three 
years after the eruption, the bulk consisted of ferns 
with isolated plants of Phanerogams, both on the shore 
and on the mountain itself. Eleven species of ferns were 
collected, and some of them were already common. They 
are all species of wide distribution, and it may be of 
interest to give their names ; Gymnogramme cah- 
melanos^ Acrostichwn scandens, Blechnum orientaUy 
Acrostichum aureum^ Pieris longifolia^ Nephrolepis exnl~ 
tala^ Aephradtum calcaratum^ N. Jiaccidum^ Pteris 
nquilina^ P. marginata, and Onychium auratum. 

It is not at all surprising that the spores of the fore- 
going and many other ferns should have been carried to 
the island by winds ; but, as Dr. Treub remarks, it is 
almost incomprehensible that they should grow under 
such extraordinarily disadvantageous conditions. Chem- 
ically and physically the volcanic matter covering the 
island is as sterile as could well be, yet the prothalLia of 
ferns readily developed. A closer investigation, however, 
revealed the fact that ferns were not the lirst organisms 
in the new vegetation of Krakatab, the cinders and 
pumice-stone being almost everywhere covered with a 
thin coating of Cyanophycem (fresh- water Algae) belonging 
to the genera Lyngbya, Tolypothrix^ &c.,— altogether six 
species. The presence of these Algae gives the surface of 
toe soil a gelatinous and hygroscopic property, in the 
absence of which Dr. Treub doubts the possibility of 
fern-growth. Thus these microscopic organisms prepare 
the soil for the ferns, much as the latter provide tne con- 
ditions under which the seeds of Phanerogams can 
germinate and grow. 

The phanerogamic element (flowering plants) of the new 
vegetation consisted, on the shore, of young plants of 
Caiophyiium Inopkyllum^ Cerbera Odollam^ Hemandia 
sonaray Scavola Kcenigiiy Jpom^xa pes-capray a species of 
Erythrinay two species of Cyperaci^y and Gymnothrix 
eUgans. With the exception of Gymnothrix eUgansy a 
common grass in Java, all the plants named are among 
those which take possession of newly-raised coral islands. 

In the interior of the island, on the mountain itself, 
Dr. Treub discovered Scavola Kanigiiy Toumofortia 
argmUiUy a species of Wollastcniay a species of Smecioy 
two species of Conyao, Fkre^mites Roxburghiiy and 
Gymn^hrix eUgsm. ^ ^ 

In addition to the foregoing Phanerogmt, Dr, Treub 
observed on the sea-coast seeds or fruits qi Heriiura 
lUtoraliSy Ttrminalia CaiappOy Cocos nuct/oray 
ionia sp€<;iosay and Pan^nus, These also are among 
commonest sea-shore and coral island trees throu^out 
the Malayan Archipelago and Polynesia. . 

A more interesting record of the processes of a new 
flora can hardly be imaginedf especially that in relation to 
the piieparatton of the soil by microscopic spoViferous 
plants. Of course this is not a new discovery ; but it is 
peifhaps the flrat actual observation of the renewal of the 
vm^tation of a vcflcanic island. 

, Dr. Treub intends visiting Krakatdb again, and report- 
tnjrfr^Uy on the progress of the new from, and his report 
wfO doubtless be lomced forward to with greet interest. 

W. MsMslbv. 


THENON^CHINESE RACES OF CHINA, 

A VALUABLE Report which has just been laid before 
Parliament contains an account of a Journev made 
by Mr. Bourne, British Consular Agent at Cbung^king in 
Szechuen province, through South-Western and Southern 
China, to study certain commercial questions in these 
regions. The journey lasted 193 days, and carried the 
traveller through the ^eat provinces of Yunnan, Kwangsi, 
Kweichow, and Szechueq. Mr. Bourne was constantly 
brought into contact with various non-Chinese tribes In- 
habiting these provinces, and his Report contains a large 
amount of information respecting their language 
habits. He also devotes a special appendix to them. 
He says that there is probably no family of the human 
race, certainly none with such claims to consideration, of 
which so little is accurately known as the non-Chinese 
races of Southern China, and he attributes this to the 
“ perfect maze of senseless names" in which the subject 
has been involved by the Chinese. The ** Topography of 
the Yunnan Province," published in 1836, gives a cata- 
logue of 14.1 classes of aborigines, each with a separate 
name and illustration, without any attempt to arrive at a 
broader classification. To Mr. Bourne it appeared that 
before the tribes could be scientifically assigned by 
ethnologists, they must be reduced to order amongst 
themselves, and that something might be done in this 
direction by taking a short vocabulary and obtaining its 
equivalent in the dialect of every trib« met with, when a 
comparison would reveal affinities and differences. Ac- 
cordingly he gives twenty-two vocabularies, containing 
the numerals up to 12, 20, 30, 100, 1000, father, mother, 
brother, sister, heaven, gold, hand, foot, sun, dog, horse, 
iron, &c. —in all, thirty-six words. In each case the date, 
place, the name by which each tribe calls itself, the name 
by which the Chinese know it, and the name by which it 
knows the Chinese, is given. A comparison of these 
vocabularies and a study of Chinese books lead him to 
the conviction that, exclusive of the Tibetans, there are 
but three great non-Chinese races in Southern China — 
the Lolo, the Shan, and the Miao-tsze. The vocabularies 
do not convey the whole evidence that these scattered 
people respectively speak the same language, for the 
Lolo, Shan, and Miao-tsze are all languaras of the 
Chinese type that make up for poverty of sound by 
“ tones” ; the resemblance is much more striking to the 
ear accustomed to these distinctions of sound than when 
the words are written in English, when the similarity of 
tone is lost. Among the 141 tribes described in the 
Chinese topography of Yunnan, with short vocabularies 
of the princi^ dialects, there arc very few, and those 
unimportant, that cannot be identified from the illustra- 
tions or letterpress as belonging to one or other of the 
three families or to Tibetan. As to the names of these 
..families, Lolo is a Chinese corruption of Lulu, the name 
of a former chieftain of the people, who call themselves 
Kersi), and has come to stand for the people themselves. 
Shan is the Burmese term adopted by Europeans for 
people who caB themselves ‘*Tai,” “Pu-nong,” ate. 
Miao-tsze, a Chinese wori, meaning ** roots,” is conflned 
l^thc mote accurate to the aborigines of Kweichow and 
Western Hueap. 

The Lolos were formerly called by the Chinese 
the ^^Tsaan boiharians,” a name taken from one of 
their chiefs. They’ call themselves Nersu, and the 
vocabularies show that they stretch in scattered com- 
munities as for as Ssu^ao, and along the whole southern 
border oTYunAan. They are also said by the Chinese to 
be found on the Burmese frontier. In a topography of 
Momien, a town not far from Bahmo, in the extreme 
south-west of Yunnan,, the following information is given 
about them, which is at least sumrising:— The old 
Tsuan (Lolo) of Mengsban do not die. When old, they 
grow tails, eat men, not distinguishing their own children, 
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]ove the hiU«, £ear the abodes of men, and run as strong^ly 
as wild beasts. The natives call them autumn foxes. 
But» still, they are not invariably to be found.*' Although 
it is not yet known where the Lolo came from, Mr. Bourne 
fives a notion of their present habitat. In the great bend 
of the Yangtsse^ in loj*-' E. longitude, between, that river 
mad the Anning, the Lolo are at home ; there they live 
to independence of China, under their own tribal chiefs 
And aristocracy. Thence they extend in a scattered 
as iar north as Wen chuan, in latitude 31* 15' N., 
and longitude 30' E, To the west they extend to 
Hie M^lcong; to the south they are found occupying 
here and there the higher ground, until the plateau breaks 
mto the plain, and they extend eastward to Kweiyang. 
They seem to be more numerous as Taliang Shan, their 
present home, is approached, and they form much the 
laisest part of the population of North-Eastern Yunnan 
SEiid North-Western Kweichow. Mr. Bourne adds about 
thirty names by which different tribes of Lolo are known 
to the Chinese. 

The Shans arc not found north-east of the city of Yun- 
nan, but they inhabit all the lower levels along the south 
Yunnan border*; and from the city of Kwang-nan along 
Mr. Bourne's route to the frontier of Kweichow province, 
they form almost the whole population. They must 
have been masters of the Kwangsi province ^fore the 
Chinese, as some of the Chinese official buildings in 
the province are said to have been erected on the sites of 
Shan palaces. It would be interesting, says Mr. Bourne, 
to know how the Slians reached Kwangsi, whether 
ti^ough Tonquin or across the Yunnan plateau. ^ The 
Shans in Southern Kweichow are undoubtedly immi- 
grants from Kwangsi, and did not cross the plateau. The 
Shan language is softer than Chinese or Lolo, with fewer 
gutturals and aspirates, and appears easy to learn. The 
iminemls show a curious resemblance in sound to the 
CnuMnese. 

The Miao-Use apparently are divided into a number of 
tcifaes speaking dialects of one language which is of the 
Ounesa sort. They occupy at present Eastern Kwei- 
drew and Western Hunan, being very numerous in the 
mth-east of the former province. They arc known to 
te Chinese by a multitude of names, but always with the 
fwcfix Miao, 

So far the appendix; but scattered throughout Mr. 
fioumts's elaborate report of his journey there are 
numerous interesting' references to these non-Chinese 
lacea. Near Maling, in Southern Yunnan, on a tributary 
of the Yangtsze, he came on a sandstone bluff containing 
atout twenty Mantzu caves. Most of the entrances, 3 to 
4 feet square, are cut in the vertical cliff some lo feet 
above the ground, so that they cannot be reached without 
a ladder. The face of the cliff is adorned in one or two 
by sculptures in relief, the most striking being a 
1 human fece. The valley was, no doubt, formerly 


the head-rquarters of a Mantzu tribe, for s<»iie mile^ lower 
down the site of the castle of a chief is pointed out The 
sculptured blocks that lie about bear witness to a con- 
siderable advance in civilization. The Lolosaredescnbed 
as having larger and more irregular features than the 
average Chinese ; the colour of. the skin seems much the 
same, but the eyes were deeper sunk. They are divided 
into three tribes, known as the black, white, and dry 
Lolos — a meaningless distinction, but corresponding 
apparently to a real tribal division. They believe in a 
liiture state of retribution, burn the dead, worship their 
soicestors with the sacrifice of an ox, and have no ithffs. 
Fewor pi€pes of brown paper were said to repiemt the 
BOtennalhies of the other world, and three sticks of 
bamboo their ancestors. A special Lolo vocabulary, with 
the written characters, procured from a or tribal 

•orcerew, in Ssu-mao, is carefully reproduced- I'his 
sorcerer was able read his prayer-book, but net to 
ea^oin what it meant. In his own opinion this ivas not 


important, as the ritual had been asras^ged beewwsn ^ 
ancestors and the gods, who knew ve^ well what wgs 
meant so long as he read the right section and gave the 
characters their proper sound. 

The Report it would be added contains numetmis 
and comprehensive tables of meteorological observatiiQiina 
and levels, although the rate of travelling prevented 
anything like a running survey being made. 


THE BATH MEETING OF THE BRITISM 
ASSOCIATION i 

*^HIS will be the fifty-eighth meeting of the British 
* Association for the Advancement of Science. 
Twenty-four j^ars ago — in 1864 — the Association met at 
Bath under the presidency of the late Sir Charles Lyeli 
So many other names are now missing, that the retro- 
spect is the reverse of cheering. Sir Roderick Murchison, 
Admiral Fitzroy, Dr. Whewdl^ Sir John F. W. Herschel, 
Sir David Brewster, Dr, William Farr, Prof. Fawcett, 
Dr. Livingstone, Capt. Maury, and Mr. Scott Russell, are 
only a very few of the numerous names of note that sfmng 
to the memory in connection with the last Bath meeting. 

But if this is the retrospect, the prospect is in every 
way most satisfactory. Under the genial presidency of 
Sir Frederick Bramwell, with the aid of very efficient 
local officers, a thoroughly successful meeting may fairly 
be looked for. Bath has the advantage of a good position 
for railway facilities. It is not more than 2^ hours from 
London, 2 from Exeter, ij from Cardiff, 14 from Birming- 
ham, and from Manchester. The endeavours of 
Local Executive Committee to obtain the issue of cheap 
tickets, as usual, have been crowned with success. As 
Bath— strangely enough — does not possess a Public Hall, 
a temporary building, to serve as reception-room and 
offices, is in course of erection, at a cost of some /700. 
The President's address, the evening discourses, and Sir 
John Lubbock's lecture to working men will be given in 
the Drill Hall. 

It is unnecessary to say anything as to the fitness of 
Sir Frederick Bramwell for the office of President. The 
following are the Presidents of the Sections Mathe- 
matics and Physics, Prof. Schuster; Chemistry, Prof. 
Tilden ; Geology, Prof. Boyd Dawkins ; Biology, Mr. 
ThiseJton Dyer ; Geography, Sir Charles Wilson ; Stat- 
istics, Lord Bramw^ ; Mechanics, Mr. Preece ; Anthro^ 
pology, General Pitt-Rfvers. 

Bath itself is so well known as to need very few words. 
The old Roman Bath and its adjuncts, recently uncovered, 
with other remains, will of course excite general interest; 
Attention will also be given to the new buildings erected 
by the Corporation to meet the increasing demand for the 
Ba.th waters. On every side the city is surrounded by 
objects that will interest the geologist, the arcHacologitt, 
and the lover of the picturesque. Provisional arranse^ 
fnents have been made for a set of excursions— half- 
day, on Thursday, September 6, and whole On 
Saturday, September 8— to Stantonbory, Stanton Drew, 
Maes Knoll; Dyrham, Sodbury Camp, Bannerdown; 
Stourton, Pen Pits, Whitesheet, Longledt ; Freme, 
WcHs, Glastonbury, Cheddar, Chepstow, Tintem, Boat 

? luaTries, Cirencester, Severn Tunnel, Tytberii^ftoa. 

hornbury, Berkeley, Ebbor Gorge, Wookey, am 
elsewhere. 


PBOF H CARV 7 LL LE WIS. 

T he loss to the geolo^cal world by the death of 
Henry Carvill l^wU 4 U ehenarlyi^eof 
in the midst of bis worLis greater than tbt^ may 
the more impoitant of hii results acqoireo during m W 
three years nave not been fully published* whin, Sft 
be began to study the glacial pfaenomenia 
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PenMylvaiiiiia, though numorous observations had been | 
tnwfe on the direction of the striae and the location of the ' 
anoodiiet, in the northern part of the States, nothing had 
hei^ attetnpted towards gathering the results into a con- 
gisteiit whole, or tracing the limits of the glaciation. In 
that year he succeeded in iraci^agreat terminal moraine 
from New Jersey to the Ohio frontier, and showing that 
beyond this line glaciation was absent, while within it the 
direction of the motion could be traced as well by the striae 
^ by the derivation of the boulders. Of the truth of these 
views he succeed in convincing almost all the American 
geologists who had studied the question. Fired by his 
sihibess in interpreting the glacial phenomena of his 
native country, and bdieving that the same key might 
be found to unlock the mysteries of European glaciation, 
he practically threw up his position in Pniladdphia, ancf 
devoted himself to the study of these phenomena in Great 
Britain. Devoting his summers from 1865 to the work, 
he visited — accompanied by his wife, whose active assist- 
ance he constantly enjoyed — almost every locality in Great 
Britain and Ireland where stride had been recorded or 
moraines were likely to occur. To reduce the whole of 
the previous observations to order was a task he had not 
yet succeeded in completing, but which he boldly under- 
took, and to continue which he had once more landed 
in England. Important results were, however, already 
obtained, and at the British Association last year he gave 
English geologists the hrstfruits, by presentir^ them with 
a map of England in which he had traced a great terminal 
moraine, as in America, on the north of which the striee 
and the dispersion of the boulders indicated a continuous | 
ice-sheet, while to the south the various glacial deposits 
were accounted for by extra-morainic lakes. He boldly 
advocated the view of the ice mounting up to the heights 
of 1100 feet in Moel Tryfaen and elsewhere, where the 
ice- sheet had crossed the sea, declaring that anyone 
who was acquainted, as he was, with the far greater 
results of ice-motion in Pennsylvania would have 
no difficulty in accepting this, and Minting out that these 
localities were everywhere on the line of the great terminal 
moraine. So startling a generalization could scarcely be 
accepted all at once, and there were many things to 
account for before the history even of this greatest ice-sheet 
could be considered complete. Had Prof. Lewis been spared 
to us, he was prepared to devote himself to the completion 
of this work. He has left a laige mass of notes and draw- 
ings bearing on it, which must now wait for some Elisha 
capable of taking up his mantle. Every glaciaiist is no doubt 
more or less satisfied with the account he can give of the 
glacial history of his own district ; but to thegeneral ^olo- 

S 'st ,^wh<He has hitherto presented a chaos of confiicting 
stories, fit only to bewilder him. In tbc clear account 
given by Prof Carvill Lewis of one great portion of that 
bLstofy, light seemed at last to dawn, and the hope was 
raised that glacial Chaos would cease. This ho|^ now 
seems quenched for a time. 

Peof Lewis was born in Philadelphia, November 16, 
1S5JU ^nd took his B.A. d^ree in 1873 in the University 
of Pennsylvania. From 1879 to 1884 he was a volunteer 
member of the Geological Survey of the State. In 1880 
he w(is dected Professor of Mineralogy in the Academy 
of Natural Sciences, Philadelphia, and in r883 Professor 
of Qfiology in Havenord College. His work was by no 
means confined to his ^cial studies^ the most important 
of his minor works being the discovery of tht? matrix of 
the diamond in an ultra-basic volcanic rock in, contact 
whh a carbonaceous tuff. The prediction that, if such 
was the origin of diamonds, th^ might be found in 
nvetemrixes, had just been fiilfiHed in Rbstia ; and he had 
lakety^idsit^ miocafity in Gavohna, where the aasne >0011- 
dkkiiia obtain, but had not proceeded ittnher when he 
s^etoped by death. During tbe last three years he 
lee vmtete in Heidelbi^, atudyii;^ microscopic 
Pdrpg^aphy with Prof* Boaenbuicn. } 


Those who knew him personally, were charmed with 
the beautiful frankness of his nature, his love of Jxuth, 
his invariable possession of a reason for what im said, 
and his total l^k of pride or assumption of authority. 
They saw in him a type of what a genuine student p£ 
Nature should be, tempered and refined by gasetnl 
culture. Few who knew him at all but must feel they 
have lost a feiend, and an example. 

He married in 1882, and leaves a wife and one 
daughter. 


SON.XBT* 

TO A HIGH SOPRANO 
Act&mpanyin^ herself on i/io Piano. 

T he larks who sing at Heaven’s high gate despair 
To match thy notes so piercing-sweet and true 
That, pure as in night’s hour fresh-fallen dew, 

Vouch thou art good, e’en as thou art most fair. 

Why seek with gems to deck thy radiant hair, 

Thy flashing, ruling, fingers to indue 
With rubies’ blaze or Opal's orient hue — 

Thou canst in nobler wise thy worth declare. 

Oft shall the rapt enthusiast in his cell 
Intent on Nature’s all-pervading clue 
Pause, to bid Memory with her magic spell 
Restore that heavenly, loved, lithe mrm to view 
And in fond fancy hear thy voice anew 
Till life to gladness breathes its last farewell. 


New College, Oxford, July 20. 


NOTES. 


J. J. s. 


I The annual meeting of the British Medical Association was 
I opened at Glasgow on Tuesday, the 7th intt. Prof. Gairdner, 
the President, delivered an address on The Physician as 
Naturalist,” Speaking of the methods of education necessary 
i for the training of a physician, Prof, Gairtlncr urged that medical 
students do not at present receive adequate instruction in physics. 
“ When we consider,” he said, ** how completely modern science 
has demonstrated the subordination of living bodies and pltysto- 
logical processes, not to a wholly detached set of laws termed 
vital, but to all the most elementary laws of matter ; and, 
further, the correlation of all the physical forces throughout Hie 
universe, so that the living body and its environment act and 
react on each other throughout infinite space and time, it will be 
readily admitted, I think, that some kind of systematized in- 
struction in physics, and not a mere elementary examirtailon in 
mechantoi, should be an essential part of an education with a 
view to the medical profession. And when we further consider 
-that most 6f the great advances in medical diagnosis in the 
present day, through the stethoscope, microscope, laryngoscope, 
ophthalmoscope, sphygmograph, electricity as applied to muscle 
and nerve, dec., involve applications of pure physics Avfaidi arc 
neither mmotc from practice nor yet very easily mastered by the 
beginner; and that, in the case of electricity and other phyrieal 
reagentfi, even heat and cold, we are every day extending 
the domain of these sciences in therapeutics, and atill mom 
perhaps in preventive medicine and sanitary science, their claim 
for an extended recognition in teaching seems to be enormously 
enhanced. I am persuaded that in a very few years the physical 
laboratory will become an absolutely essential preliminary step 
in the education of the physician of the future, and that those 
who have not undergone this training will be hopelessly distanced 
in the race-" 

* 7a the fleet fluihber of atvkr will appear the Original pf this soanat 
TV A YfHHg tody with a Coniraiio Voice. 






Otgulidng Committett ^ .SeetlmK A Md G the 
Btkiih AuocUtlon tiave arranged a jokit disGsmsion on tlghtniag 
eonductora, to be held at tbe Bath meeting in September. Mr. 
W. H, Preece, F.R.S., will open the discnegion, and Prof. . 
Oliver J. Lodge, F.R.S., will! defend the position he laid down 
this year before thp Society of Arts. 

AoREEABtv to a resolution of the International Congress of | 
Hydrology and Climatology held at Biarritz, in October 1886, 
the second triennial session of the Congress wilt be held in 
Paris next year, at the beginning of October, in connection with 
the Exhibition there. The President of the Committee is M. £. 
Renou, Vice-President of the French Meteorological Society. A 
preliminary programme has been issued, setting forth the questions 1 
to be discussed under ( 1 ) scientific hydrology ; (2) medical hydro- 
logy ; and (3) climatology. The subscription of membership is 
13 f^rancs. 1 

The new Marine Biological Laboratory at Wood’s Holl, 
Massachusetts, was formally opened on the day appointed, 
Tuesday, July 17. Several members of the Board of Trustees, a 
few students, and a half-dozen or more of guests were present, and 
spent the morning in exanjioing the new building and its equip- 
ment, and in visiting the laboratories and aquaria of the United 
States Fish Commission. At two o’clock the whole party dined 
at Gardiner Cottage — the domestic head-quarters of the new 
enterprise — which a generous citizen of Wood’s Holl, Mr. J. S. 
Fay, has kindly put at the disposal of the trustees. Shortly after 
three o’clock the Director, Dr. C. O. Whitman, delivered in the 
XAkbonitory an opening address upon the history and functions of 
marine biological laboratories, referring especially to the Penikese 
School and to Prof. Baird’s labours in this direction. Prof. C. 
S. Minot then said a few words on behalf of the trustees. Some 
eight or ten students are already at work in the Laboratory ; and 
Scimee says that the responses from colleges and from students 
make it certain that next year there will be at the institution a 
large and enthusiastic gathering of investigators and students in 
biology. The building, according to Sagncfy appears to be 
admirably adapted to its purposes. It is plainly but strongly 
toilt, uf wood, two stories high, and with a pitched roof. The 
roof and sides are covered with shingles, unpainted. There is a 
commodious and convenient basement under the western half of 
the building, intended for storage, for the safe keeping of alcohol, 
boats, oars, and the like. The lower floor of the Laboratory is 
intended for beginners, ahd for teachers and students who are 
learners but not invest igaton. The upper story is for investi- 
gators only. The equipment includes work-tables, spedally 
designed, and placed before the large and numerous windows. 
Each student is provided with a Leitz microscope, a set of re- 
agents, watch-glasses, dissecting pans, and the dishes and other 
things indispensable to good work. The Laboratory owns boats, 
dredges, nets, and other tools for collecting. A UnalJ library 
has been provided, and, under the progressive and efficient 
management of Dr. C. O. Whitman and Mr. B. H. Van VIeck, 
a season (hat promises to be highly successful, and most im- 
portant in the history of American biology, has b«en auspiciously 
begun. 

Mr, Henry O. Forbes, the New Guinea explorer, author of 

The Naturalist in the Malay Archipelago,” hn been selected 
by the Ixmdon Coromiasioin to succeed the late Sir Julius von 
Hoast as Director of the Canterbury Museum, New {eailand. 

Some time ago a good deal of Interest was aroused by a con- 
troversy as to the effects of light on water-colours. The Com* 
mittee of Council appointed a Committee of artists to consider 
the subject ; and Dr, W. J. Russell apd Captain Abney were 
invited to hovestigate the scienlifle aspects of the question. A 
Blue-book has just been issued, containing the first report of 
these two gentlemen. 


m mgret to Teeerd the death of Miu GlaaviBei who w«tt 
well known in South AAica as the Curvhv of the Afhniiy 
Museom, Grahastwtown, Cape of Good Hope. This clever and 
aeoomplisKed young tady discharged her duties as Curator nurtt 
consdentiouilyand ably, and did much to promote an interest in 
science in her native town and country. 

A NSW gas, possessing some remarkable properties, has boitt 
discovered by Prof, Thorpe and Mr. J. W. Rodger, in the 
research laboratory of the Normal School of Science. It is Ur 
sulpho-fluoride of phosphorus of the composition PSF|, and is 
termed by its discoverers thiophosphoryl fluoride. Thfl|i||^^ 
method for its preparation consists in beating pentasalphl<tu of 
phosphorus with lead fluoride in a leaden tube. It may also be. 
obtained by substitutiitg bismuth fluoride for the fluoride of lead^ 
the only diflference between the two reactions being that the 
second requires a higher temperature than the first. Again, 
when sulphur, phosphorus, and lead fluoride are gently wanned 
together, an extremely violent reaction occurs, but if a large 
excess of the fluoride of lead be employed’ a tolerably steady 
evolution of the new gas occurs, the excess of the lead salt appear- 
ing to act as moderator. It is an interesting fact, throwing con- 
siderable light upon the constitution of the sulpho-fluoride, that 
it may be obtained by heating together to 150" C. in a sealed 
tube a mbeture of the corresponding chloride — thiophDS];dioryl 
chloride, PSCI^, a mobile colourless liquid-— and trifiuoride of 
arsenic. The simple exchange of chlorine for fluorine here brings 
about a striking physical change, from a highly refracting liquid 
to a colourless gas. And now for the remarkable properties of 
the gas. In the first place, it is spontaneously inflammable. If 
it be collected over mercury, upon which it exerts no action, in a 
tube terminating above in a jet and stopcock, and the latter be 
slowly turned so as to permit of its gradual escape, the gas 
immediately ignites as it comes in contact with the air, burning 
with a greenish -yellow flame tipped at the apex with blue. If, 
however, a wide tube containing the gas standing over mercury 
be suddenly withdrawn from the mercury trough, the larger mass of 
gas ignites with production of a fine blue flash, the yellowish-green 
lint again being observed as the light dies away. Thiophosphoryl 
fluoride is readily decomposed by the electric spark with deposi- 
tion of sulphur. If a quantity contained in a tube over mercury 
be heated for a considerable time, complete decomposition 
occurs, sulphur and phosphorus both being deposited upon the 
sides of the tube and gaseous silicon tetrafluoride }efr. From a 
spectroscopic examination, dissociation was shown to occur at the 
lowest temperature of the electric spark. The gas is slowly dis- 
solved by water, and appears to be somewhat soluble in ether, bat 
alcohol and benzene exert no solvent action upon it. FimiUy, 
the colourless, transparent gas was reduced to a liquid, some* 
what resembling the suli^o-chloridc, by meaxu of Csdnetet*! 
liquefaction apparatus, 

A VOLCANIC eruption, which began on August 3, in the Island 
of Volcano, one of the Lipari Group, is said to have done on Im- 
mense amount of injury. The greatest damage has been caused 
on the property of an English company under the mamifeinei^t 
of Mr. Harleau, the estate being completely destroyed,^ 

Wa have received the Year-book of the MieteordlOglcal 
Observations of ihe Observatory of the 
the year 1886, being the fifth of the scries, It contoias obtOv- 
vatlons taken three times daily, with means and monthly 
summaries according to the international sohemet hourly oiwer* 
vations of the self-recording instruments, and £so-simUes of the 
sunshine records ; also additional observations, suehai esrth*li«aB-; 
pecature, eva^ration, underground water, Ac., as In piwvkhil 
years. The principal idteration U the omission of the oobdrimMis 
baregratns : these are now given only in cases o( ^ecfal intetelt^ 
owing to the expense of the reproduction. ‘ We have 
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«3q^r«i«ed our approve] of this method of dealing with con* 
^uouB records, as opposed to the costly reproduction of the 
e^es in their entirety. 

The "Annuaire of the Municipal Observatory of Montsouris 
for the year t888, just published, a volume of 613 pages, i8mo, 
contains a large amount of useful information, relating to the 
meteorology of Paris, and the microscopical examination of the 
organisms in the air and water. The report shows that the site 
of the Observatory is favourable for determining the climate of 
Pa^ with exactitude ; some of the therinometric differences 
b^iiveen Paris and Montsouris are very marked. The amount 
of rainfall also is somewhat greater at Montsouris, owing probably 
to better exposure than at Paris, but the differences are not 
greater than are frequently found with gauges placed near each | 
other. The tables contain monthly means of temperature from 
the year 1806, and of rainfall since 1689 ; the values prior to 
1873 are those referring to Pafis. Self-registering thermometers 
were first used in 1835 ; up to this date the minimum tempera- 
tures were taken as the readings at sunrise, and the maximum 
readings, as those at 3 p.m. The yearly extremes of temperalure 
date back to 1699. 

We learn from Scitnee that the famous Bahia or Bendego 
meteorite, described by Mornay and Wollaston in the Philosophical 
Transactions for 18 16, and by Spix and Martins in their 
“ Travels in Brazil," was landed in Rio de Janeiro on June 15, 
and is now in the collection of the Brazilian National Museum. 
The transportation of this great mass of iron, whose weight was 
variously estimated from six to nine tons, and which has been 
(bund to weigh 5361 kilogrammes, was rendered possible by the 
recent completion of a line of railroad passing within 115 kilo- 
metres of the Bendego Creek, where it has lain since the 
unsuccessful attempt to remove it to Bahin in 1785. Credit for 
the removal of the meteorite is due chiefly to Chevalier Jose 1 
Carlos de Carvalho, who gratuitously took charge of the j 
technical part of the operation, and to Baron Guahy, who paid I 
all the necessary expenses. The Brazilian Government also I 
cordially associated itself with the undertaking. After about three | 
months spent in preparing material and in studying the route to be I 
traversed, the march began on November 25, 1887, and the 
meteorite was placed on the railroad on May 14 of the present 
year, A road had to be opened for this special purpose, as those 
existing in the region are only mule paths ; and over one hundred 
streams, one with a width of 80 metres, had to be crossed by 
temporary bridges. The route lay over several chains of hills 
and one mountain range, in which an ascent of 265 metres had 
to be overcome with a grade of 32 per cent. 

The Canadian Institute, Toronto, has issued a ** sociological 
circular," asking co-operation in the task of collecting trustworthy 
data concerning the political and social institutions, customs,*' 
ceremonies, ibc., of the Indian people of the Dominion. Suit- 
able papen npon the topics indicated will be published in the 
Xnatitute 'S Proceedings. The Canadian Pacific Railway carries, 
h«c of .charge, packages intended' for the Institute's Museum^ 
whkh is daily. 

The fCew Bulletin for the months of November 1887 and 
Jamty 1888 supplied valuable information, derived from 
Of^al sources, respecting the capabilities of certain colonies for 
the psodtiction of fruits. The Bulletin for Novembeir 1887 was 
wholly devoted to a comprehensive report on the fruits of 
Canada. The Bulletin for January t888 was devoted to 
reports lumiiahed by their respective Governments on the fruits 
of Victoria, South Austral!^ Western Australia, Tasmania, 
Kew Zealand, Cape Cdony, and Maurkhts. In the Bulletin 
lor the pubUearion of sneh reports is con - 

ihmed, A summary of information is p r ei moted relating to the 


fruit productions and fruit resources of the West Indian coloirieB 
— ^Jamaica, Bahamas Islands, Barbados, St. Lucia, St Vincent, 
Grenada, Tobago, Trinidad, and British Guiana. 

The Report of the Comptroller-General of Patents, Designs, 
and Trade Marks for the past year states that the total number 
.of patents applied for was 18,051, being an increase of about 
900 on the year before ; of designs, 26,000 as against 24,000 of 
the preceding year ; and of trade marks, 10,586, being a decrease 
of 91 from the preceding year. 

The American Statistical Association publishes some inter- 
esting figures on the amount of water-power employed in the 
United States. In 1880 there was a total water-power equal to 
1,225,379 horse-power used for manufacturing-purposes, this 
being 35*9 per cent, of the total power thus employed in the 
States. The annual value of the water-power thus utilized is 
set down at 24,000,000 dollars. The New England States 
alone use 34*5 per cent, of the whole water-power of the coun- 
try, and altogether the Atlantic States use over three-fourths of 
the whole. 

According to a return of the Board of Trade on sea-fisherie® 
in the United Kingdom, the total amount of fish landed on the 
English and Welsh coasts, exclusive of shell-fish was, in 1887, 
about 301,000 tons, of the value of about iTSi 780,000. Shell- 
fish taken in that year were of the value of 324,000. For the 
year 1886 the figures were — fish landed, 320,000 tons, of the 
value of ;£‘3, 688,000, and she) I -fish of the value of ;£’269,ooo. 
Thus, while there was a decrease in weight of about 19,000 
tons, there was an increase in value of about ;£^9o,ooo, and in 
the shell-fish an increase of 55,000. 

In a Report of M. Renduel to the French Minister of Marine, 
he attributes the gradual decline of the sprat -fisheries of France 
to the methods hitherto pursued in fishing. The sprat seine- 
net, he says, is most destructive. When thrown out fully, as is 
usually the case, and then towed towards the shore, it drags the 
bottom over an enormous area, and brings to land not only the 
sprats, but shoals of other fish not yet fully develo ped, and quite 
unsalable. The French newspapers say, with a little pardon- 
able exaggeration perhaps that thousands of cubic metres of 
winter fry, which would give in summer millions of cubic metres 
of edible fish, have been used as manure in the fields, in order 
to force grass and cereals. So far has this been carried, that 
the non- migratory fish are almost exterminated in many places. 

In the Report of the British Consul at Tunis to the Foreign 
Office, he says that the sponge fishery is a very important branch 
of industry in that country. There are in all about 400 Greeks, 

’ 500 Sicilians, and I4cx> natives engaged in the pursuit. The 
diving apparatus was formerly in use, but it has given way to a 
kind of dredging instrument similar to that UKd in the Oyster 
fishery. The same Report says that the tunny fishery Is n 
monopoly of the State. The fish enter the Mediterranean in 
the spring, and one body of them stcj|^es the coast at Cape Boa. 
Here the net-fishing begins. The b^ts gather around the nets, 
and the fish are harpooned and dragged into the boats, as many 
as 600 being thus frequently taken in one haul. They are then 
cut up and preserved in olive -oil, packed in tins of variou4i sizes, 
and solder^ up. About three-fourths of the fish are thus 
treated, and sent away to Italy, where they meet a ready sale. 
The rest are either eatea fresh, or salted and sent away to Malta 
pr Sidly. Between aoo and 300 men are engaged in this work, 
which is of the annual value of j£'Eo,ooo. 

A VERY rtre fWh, J^agy»dus {Aiepisaurus) ferox, has just been 
caught in the Kmrisdfjord, in Iceland. It is 5 feet 9 inches long, 
with small sharkdlke fins, those on the back being about a foot 
in length. The bead is pointed, and the teeth long and sharp. 
It ap^ared to He asleep on the surface of the water, and a fisher- 
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mu caught it by its tail, when it attempted to bite him. Pinpf. 
Lhtken states that hitherto only three specimens of this (Uh have 
been caught, vis* one at Madeira, one in Greenland, and one 
previously in Iceland It is believed that this is the mysterious 
fish the fax'dl, ue, the eel with a mane, of which the Fvoe 
fishermen stand In tfuch awe. 

The Assistant Superintendent of the Forest Department of 
Penug has tried the raising of mahogany-trees from seeds, but 
with what success is not yet known. He also tells us that a 
trial venture in cuUivating. patchouli has proved very successful. 
Experiments in growing olives, oranges, citrons, d^c., have 
proved encouraging, and trials with European vegetables show 
that tomatoes, carrots, lettuce, onions, celery, &c., can be 
successfully cultivated in the Straits Settlements. 

In “The Fodder Grasses of Northern India,” just published 
at Roorkee, Mr. J. F. Duthie gives an instructive account of the 
more imjKtrtant kinds of grasses that are used in the plains of 
Northern India either for fodder or for forage. Several of the 
plains species extend up to considerable elevations on the 
Himalaya, but Mr. Duthie has omitted all mention of those 
which ore exclusively Himalayan. The area of country to which 
the work refers, and which coincides with that over which 
bis botanical researches generally will in future be conducted, 
extends from the north-west frontier, and includes the Punjab, 
the North-West Provinces, and Oudh, Sindh, Rijputina, Central 
India, and the Central Provinces. 

A NEW edition of the Catalogue of Lewis’s Medical and 
Scientific Library has just been issued. It includes a classified 
list of subjects, with the names of those authors who have dealt 
with them, 

The first University of Siberia has just been opened at Tomsk, 
It has for the present only one Faculty, that of Medicine. How 
urgently necessary the establishment of this Siberian Faculty of 
Medicine has become may be seen frotn some figures sent to the 
TUm^s the other day by its St. Peteisburg Correspondent. The 
practice of one doctor is supposed to extend over each of the 
following districts, with their respective populations : — Tobolsk, 
ia9,785 stjuare versts, 1x0,323 inhabitants; AkmoUnsk, 87,833 
square versts, 80,062 inhabitants ; Semipalatinsk, 85,705 square 
versts, 100,225 inhabitants. In short, there arc* only twenty-tw'o 
doctors over an enormous territory of 2,815,547 square versts. 

In the article “ Lord Armstrong on Technical Education,” in 
our last issue, an unfortunate slip occurs at p, 314, in the second 
column, which destroys the force of the argument : 74,000, not 

jfa4,ooo, should have been stated as the snm which h was pro- 
posed to spend on the erection of a new chemical department 
of the Zurich Polytechnicum. 

The additions to the Zoological Society's Gardens during the I 
post week include a Purple-faced Monkey (Stmttff/i/Afefts Ituco^ 
prynimts d ) from Ceylon, presented by Mr. Martin J. Cole ; a 
Rhesus Monkey {Mdcctcus, rhesus A ) from India, presented by 
Mr. Reginald S, Knott ; three Black-eared Marmosets [HapaU 
fmiciUata) from South-East Brazil, presented hy by Mr, J. A. 
Deintje; a Chipping Squirrel (Tamias sMatw) from North 
America, presented by Mrs. MatveUf ; a Common Squirrel 
{Sdurus t^tsi^aris) British, presented by Mr. R. Gram Watson ; 

A Tayra (Ga/ictis harhara d ) from South America, pi^esented by 
Mrs. J. H. Pollard ; a Lesser Sulphur-crested Cockatoo 
sulphttrea) from Moluccas, presented by Mr. J. Wolfe Batty ; a 
White-backed Piping Crow {Gymmrhina leuconoia) from Aus- 
tralia, presented by Miss Alice Rutherford ; a Herriiqf Gull 
(Lm*us isrgttUaius\ British, presented by Mn. Huihwaite ; an 
Ashy-headed Gull {Lanes eirrhoesp/taius)^ a — — B ittern 
(.ffK/emVfrr— — ) from South America, presented by Dr. A. Boon^ 


C.J 4 .Z,S. $ a Common Kestrel {TinnunaUns 
British, presented by Mr. W. A. W. Jones ; a Smooth Sns)^ 
{CoroHsfia lavis) from Hampshire, presented by Mr. £* ^ 
Meade- Waldo ; a Rhesus Monkey {Afaeacus rhesus d ) fipom 
India, a Common Boa [Boa constrictor) from South America, an 
ibculaplan Snake [Coluber asculafnC) from Langemsefawatbadb, 
Germany, deposited. 


OUR ASTRONOMICAL COLUMN. 

Encke's Comet. — Kneke's comet was picked up at 
Observatory on August 3, its place at 6h. rom. 56'fis. being 
recorded as R.A. ]2h, 12m. 59s. ; Deck 17° 27’ 46" S. Thw 
compares with Dr. Backlund's ephenieris [f 4 str, Nach., No. 
2843) as follows t O - C ; R.A. -f* 4m, 438. ; S. Ded. + 34' 52". 
The ephemeris for the next few days runs as below : — 
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The brightness at discovery is taken as unity. 


The Mass of Titan.— *The values which have been deduced 
for the mass of Titan by dififerent astronomers showing a wide 
diveisity, Mr, G. W. Hill has undertaken, in Goulfs Astro- 
Hotnual Journal^ No, 176, a new determination of this constant 
from the influence of Titan on the motion of Hyperion, 
Assuming Hyperion to be in opposition to Titan, at tne same 
time that it is in perisaturnium, then, at the end of the half- 
synodic period— vis. 3i*8i828o6d. — it would be in conjunction 
with Titan ; and but for the action of Titan, 4^, the angle the radius- 
vector makes with the direction of motion, would = 90* 8' 51” '85, 
But the influence of Titan reduces this to a right angle, and this 
effect may be used to discover the mass of that Iwdy, Com- 
puting the motion of the line of apsides during the half-synodic 
period from opposition to con)unclion, all powers but the first 
of the disturbing force being neglected, the value of Aw corre- 
sponding to the argument jrSxSaSd. was found to be -2634'' 
instead of - 5898", as given by observation. The moss, there- 
fore, of Titan would require to be changed from i/x 0,000, the 
value assumed at first, to 1/4466. The eccentricity of the ortilt 
of Titan, 0 028, had been neglected, and that of Hyperion 
taken as o'l. With this better value for Titan's maso, the path 
of Hyperion from opposition to conjunction is then traced by 
mechanical quadratures, no powers of the disturbing forces being 
neglected. The two unknowns to be determined were — the velo- 
city with which Hyperion should start from opposition, and the 
mass of Titan ; and the two determining conaitions— that ibs 
conjunction should take place 31 '8j828d, after opposition, nad 
that Hyperion must be then moving at right angles to ita 
vector. The resultitw mass » found to be 1/4714, and thx 
osculating elements ot Hyperion at opposition — 

Daily n = '2^942 

log^ * o'o823532 
e * 0*0994706 

Prof, Newcomb, in one of the “Papers for the Use df the 
American Ephemeris, ” vol. ill, part 3, has also desorlbed the 
pertorbations of Hyperion arising from the action of Titatt, Attd 
the moss of Titan as 1/12,500, but Mr. cW 

hat this value should have been divided by 3. M. Tlssexdttd* 
front a similar inquiry, 1/10,750 [Comtes tome 

No. 9), stands out in strong contrast with Prof, Hlll*s 
bttt Prof. Ormond Stone, on the ortwbaod, who had 
a larger result* has more Imely, after oorrection of in 
Miiiwsdgtttioii, brought it down to a value olomdy iqwwd^^^i 

with that of Piwt Hil 
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: ths dlmtfbtf ^ Tltoa 0^75— the lvalue ffhren 

i^Wpfflitiiwtty hy Scfairt»Mr, If end Sffttvt^—the deMuy of 
Wfflite would he about one-tliird that of the earth. Pteker- 


m weHite would he about one-third that of the earth. Pteker- 
hagW diameter^ deduced from fiietometric oheervations of the 
aiAtttte on the aisumptum thet tea albedo waa equal to that of 
dmyffaaaty, would involve a deaetly weedy /bar titnes that of 
the earth. It would mem clear, th w w far g, that Titan poaaemes 
e much greater density than Satttvn, but that its surface is less 
h^fhly mieetive. 

Naisbs of Minou PtAMETa.— Minor planet Na 276 has 
been named Adelheid, and Na ayS PauUcuu 


ASTRONOmCAL PHENOM^EPTA FOR THE 
WEEK 188S AUGUST 12-18. 

f]pOR the reckoning of time the civil day, commencing’ at 
' T‘ Greenwich mean midnight, counting the hours on to 24, 
as here employed. ) 

Af GremitfUh on August I2 

Son rises, 4h. 4301. ; souths, i2h. 4m. 43 '8s. ; sets, I9h. adtn- : 
right asc. on meridian, ph. 30'2xu. ; deal* 14" 47' N. 
Sidereal Time at Sunset, i6h. 53m. 

Moon (at First Quarter August 14, lyh.) rises, loh. 14m.; 
souths, i6h. 8m. ; sets, 2ih. 4901. ; right asc. on meridian, 
I3h. 34 5m. ; decl. 4* 16' S. 


Ptaa«t. 

Riiei. 

Southii. 

SeU. 

Riabt aic. and declination 
00 meridian. 

Mercury.. 

h. m. 

3 *9 

h. m. 

11 18 . 

h. «. 

. 19 7 . 

h. m. 

• 8 43 -S • 

. ro ti N. 

Venus ... 

5 *9 - 

12 41 . 

• *9 S 3 • 

. la o’4 . 

. M II N. 
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*2 33 

17 9 • 

. 21 45 . 

• *4 35 'o • 

. Id 38 S. 

Jupiter 

13 50 ... 

18 13 . 

.. 22 36 . 

. IS 40-0 . 

. t8 50 S. 

Saturn ... 

3 5 « 

II 31 . 

. 19 ri . 

8 56*4 . 

.18 1 N. 
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9 50 ... 

15 aS . 

.31 6 . 

.. 12 53*7 ‘ 

• 5 4 S. 

Neptune.. 

23 50^,.. 

d 37 . 

. 14 24 ■ 

4 i ‘8 . 

.. 18 59 N. 


* liicticstei tbst the rising is that of th« preced.ng evening, 
h. 

... 31 ... Mars in conjunction with and 6” 49' south 

of the Moon. 

4 ... Mercury in conjunction with and ©"39' north 
of Saturn. 

... o ... Jupiter in conjunction with and 4* f south 
of the Moon. 


Varis^h Stars* 


Star. 

\T«ari. 

R Comm 
SVlfginU ... 
ftUhm ... 
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R Scttti 
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t vypmlis 
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THE SCIENTIFIC VALUE OF VOLAPUK 

'T^HE Committee appointed ly the American Philoii^hlca] 

^ Society, on October 21, 1867, to examine into the scietttifre 
value of VolSpUk, presented the following Report at the meeting 
of the Society held on January 6^ 1888 

' Your Committee proposes, first, to consider the desLrafaility of 
a univeraal language ; secondly, what should be its charactei- 
istics ; and, thirdly, whether that invented by the Rev. Mr. 
Schleyer, called by him VotapUk, meets the requirements. 

I. — Tl^t in the vastly increaied rapidity of interchange of 
thought in modem times, some general medium of ititercom- 
munication would be welcome, is unquestioned. Wherever 
there are close commeTcial relations between nations speaking 
different tongues, such media are sure to arise from the neces- 
sities of daily life. Thus, the Lingua Franca in the Mediterra- 
nean, and pigeon English ’’ in the Chinese ports, are dialects 
which have sprung out of the ui^ency of business needs. These 
mixed languages are called ** jargons,’^ an 1 have a very high 
interest to the scientific linguist, as illustrating the principles of 
the evolution of human speech. The English language is a 
jargon of marked type, and illustrates what was stated by W. 
von Humboldt early in this century, that from such crossings 
and mingling of tongues are developed the most sinewy and 
picturesque examples of human language. This consideration 
shows that in adopting or framing a universal language we need, 
not hesitate to mould it from quite diverse linguistic sources. 

The presence of a number of these jaigons in difierent parts 
of the world testifies to the desirability Tor some one simple 
form of discouirse which could be of general adoption. Another 
and higher testimony to the same ertect is the need now fre 
quently and loudly expressed for a uniform terminology in the 
sciences. For many years it has been urged, both in this country 
and in Europe, that the neologisms required by the sciences be 
derived according to a uniform plan from the Greek, and that 
those heretofore obtained from Greek or Latin be brought into 
one general form. There is no practical difficulty about this 
except that which arises from the Chauvinism of some nations 
which are blinded by egotism or narrow notions to the welfare 
of the whole. Such a tendency is observable in Germany, a 
Country once noted for its cosmopolitan sympathies. Its medical 
teachers, for example, have of late frequently dismissed the 
terms of Iheir science derived from the Latin and Greek, in 
order to substitute in their place long, awkward, and inhar- 
monious Teutonic compounds. No effort at a uniform inter- 
national scientific terminology can be successful if the learned In 
each nation be governed by national prepossessions. 

Another obstacle to a universal tongue, and which at the 
same time is a cogent argument for the adoption of one, is the 
sentimental love of local dialects and forms of speech by those 
who have imbibed them in infancy. To-day there are active 
Societies organized for the preservation of the Welsh, the 
Armorican, the Basque, the Finnish, and the Flemish. For 
many generations nearly all learned writings in Europe were in 
Latin. In the eighteenth century the Latin threatened to be 
superseded by the French. The Transactions of the Academy 
of Sciences of Berlin were in French ; sj were the articles by 
the Russian Professors ; and in th»i earlier decades of the present 
century French prevailed in the Reports of the Royal Northern 
Society of Anti<^aries, and inmostsueutific publications in Slavic 
and Northern Teutonic countries. This is the case no longer. 
Every little principality claims that it should print what it has 
to tell the world of science in its own dialect, and claims that 
the world of science should learn this dialect. Thus we have 
on the Ust of our scientific exchanges publications in Roumanian 
and Bohemian, in Icelandic and Basque, in Swedish and Hun- 
garian, in Armenian and modern Greek, in Japanese and in 
Portuguese, without counting the more familiar tongues. Eyen 
a linguist by prefresion, such as Max Miillcr, has exclaimed 
against the ve^ Babel, the confusion of tongues, which exists 
;in modem sdenrifio literature. He has sounded an earnest 
1 appeal to the temed writers of the world to express themselves 


. writers of the world to express themselves 


in one of the halMozen languages which man of wide 

I education ia supposed to read— to wU, the English, French, 
I German, Spaniuk, ItaUan, or Latin. 

j But even wtto the advantage of a well-developed inter- 
I national aolenlific terminology, it is a good deal to ask of a 
j student of acienc^ that be mould spend the time to acquire a 
I reading knowledK^ tongues. In many cases it is 

I wholty impossiblBibr Uok of time. But time could always be 
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Spared to learn one Unguafl^, if that were enoughi particularly 
if this one were exceptionally simple and easy in Its grammar* 

Again» the commercial and (ravelling world demands one 
tongue only, in addition of course to that which its members 
learn in infancy, a tongue facile to acquire, and adaptable to 
their peculiar wants. The time is not far off when one system 
of weights, measures, and coinage, one division of time, one 
code of intematiodal law, one mode of quarantine and sanita- 
tion, one costume, will prevail throughout the civilized world, 
and along with this unification of action must and will come a 
unification of speech. It is not only desirable, it is certain to 
arrive ; and, as beings of intelligent self-consciousness, looking 
before as wdl as after, it becomes us to employ our faculties to 
direct the course of events: so that this one universal language 
be not left to blind chance, but be framed and adopted of 
deliberate choice, and with the wisest consideration. 

II. — Convinced, therefore, that the time is ripe for the pro- 
mulgation of a general form of speech for the civilized members 
of the race, we will now inquire what should be the require- 
ments of such a tongue to merit the recommendation of this 
Society. 

We begin by the observation that the Aryan stock is now, and 
has been for 2coo years, the standard-bearer of the civilization 
of the world ; hence, a universal language should be based upon 
the general linguistic principles of that stock. In the Aryan 
stock the six principal living tongues in the order of their im- 
portance and extent may be ranged as follows ; English, French, 
German, Spanish, Italian, Russian. It should m the atm of 
the proposed general tongue to ally itself to these somewhat in 
the order noted, as thus being more readily acquired by the 
greater number of active workers in the world at the present 
time. 

The elements of all languages arrange themselves to the 
linguist under three headings — phonetics, grammar, and lexico- 
graphy ; in other words, the vocal, the formal, and the material 
characteristics of the tongue ; and under these three headings 
we will sketch the traits uhich should make the projected 
universal language. 

(i) Phonetics , — We believe all will assent to the following 
propositions ■ 

The orthography of the universal language should be absolutely 
phonetic. 

Every letter in it should always have the same sound. 

This sound should be one common to all the leading Aryan 
languages, and hence present no difficulty to a person speaking 
any one of them. 4 

biphthongs, digraphs, and double consonants should all be 
omitted as misleading. 

The meaning should never depend on tone, accent, quantity 
of vowels, nor rising and falling infleciions of the voice. All 
these are inadequate and unnecessary expedients of the linguistic 
faculty. 

The vowels should be limited to the five pure vowels : a, r, 1, 
0, u, pronounced as in Italian, and all impure or modified 
vowel sounds, as the German a, d\ the French m, the English 
u (as in use), o (as in not), and the neutral vowel u (in hut) 
should be discarded. All the Aryan longues named possess 
the five pure vowels, but not all the impure and neutral 
vowels. 

In the consonantal scheme all gutturals, aspirates, lisps, and 
nasals should be omitted. Thus, the German ch, soft or hard, 
the Spanish z, the English h and th, the French n ; and likewise 
all double consonantal sounds, like the Spanish //, rr, 
the German hn, pf, the Russian schisch, the Italian ss, rr, &c., 
should find no place. Of all the Aryan languages the pure 
Castilian Spanish comes the nearest to such an ideal phoneti- 
cism, and It approaches very near indeed, a few consonantal 
heresies and the accent being its only drawbacks. 

In the written alphabet of such a language there should be, 
end there would l>e no occasion for, any diacritical marks what- 
ever. The so-called l^ttn or Roman handwriting and type 
should be employed, but with the omission of every sign which 
would require the writer to take his pen from the paper in the 
middle of a word, or else return to it in order to complete it. 
Hence the i should have no dot (as is the case in German), nor 
the j\ and the / should not be crossed. No accents should be 
needed, and no apostrophes. 

The sounds of the language should not only be eaay, they 
should also be fairly agreeable to the ear ; and combinations 
should be sedulously avoided which in any of the leading 
tongues have indecorous or degrading associations. 


Brevity is of great importance, and eavit word should he 
reduced to its sunplest discriminative sound, consistent With 
sonorousness and lucidity. 

(2) Lexieo^athy ^ — The vocabulary of the universal ianguife 
should be basea primarily on the vocabulary whidi is common w 
the leading Aryan tonjnies. There are 1500 words in Gemm 
which are almost or quite the same in English ; there are more 
than this number common to English, French, Italian, ahd 
Spanish. A selection should be made from these shnilar or 
identical word-forms as the foundation of the lexicon. At least 
a thousand words in common use will be found to be the same 
in all these languages, when we allow for the operation of 
simple and well-knOwn phonetic laws. Let the learner be 
taught these laws, and he will at once know a good share of all 
the more usual terms of daily intercourse in this new language, 
and he will pronounce them correctly without a teacher, because 
it will contain no sound which is strange to his ears, and each 
word would be spelled as it is pronounced. 

This existing common property of words, once assorted and . 
presented in the orthography above set forth, would form one 
element of the lexicon ; another will be those words obtained 
from an international scientific terminology, to be decided upon 
by the Committees of International Congresses, appointed for 
that purpose. 

Commercial and business terms are already largely the same, 
and there would be little difficulty in obtaining a consensus of 
opinion about them which would prevail, because it is of direct 
pecuniary advantage to business men to have such a uniformity. 

There remain the terms in art, literature, poetry, politics, 
imagination, &c., to be provided for. But in the opinion of 
this Committee it does not seem desirable at this time to urge 
the formation of a vocabulary which would be exhaustive. Much 
of it should be left to the needs of the future, as observed and 
guided by the International Committees who should have the 
care and direction of the universal tongue. These Committees 
should, by common consent, hold the same relation to it that 
the French Academy has, in theory at least, to the French lan- 
guage, enlarging and purifying it by constant and well-^osen 
additions. As in France, eadi writer would enjoy the privil^e 
of introducing new terms, formed in accordance with the prin- 
ciples of the tongue, and such terms would be adopted or not, 
a.s they should recommend themselves to other writers in the 
same field. 

(3) -By far the greatest difficulty is presented by 
the formal or grammatical features of such a proposed tongue. 

We may best approach this part of our task by considering 
how the grammatical categories, or ** parts of speech," as they 
are called, are treated in the various Aryan tongues, and selecting 
the simplest treatment, take that as our standard. 

It may indeed be inquired whether in the grammar we might 
not profitably pass beyond the Aryan group, and seek for 
simpler methods in the Semitic, Turanian, African, or American 
languages. But it is a sufficient answer to this to say that there 
is no linguistic process known to these remote stocks but has a 
parallel m some one of the Aryan dialects ; and if such .a pro- 
cess is very slightly developed in these dialects, this is probably 
the case because such a process has been found by experience 
to be unsuited to the modes of Aryan thought. 

Returning to the grammatical categories or ‘parts of speech* 
we find them usually classified as nine, to wit : article, noun, 
pronoun, adjective, verb, adverb, preposition, conjunction* 
iDtj^ection. 

The last of these, the interjection, is of no importance ; and 
as for the first of them, the article, we find that the Latk and 
the Russian move along perfectly well without it, and hem we 
may dismiss it, whether article definite or article indefinite, as 
ne^lcss in the universal language. 

The adjective in Latin has gender, number, and case, and,, in 
most living Aryan languages, has number and gender ; but in 
English it has neither, and, therefore, true to the cardinal prin- 
ciples of economy in the formal portions of SMech, in the uni- 
versal language it should have neither. More thim this, id 
colloquial English and German, and always in English in tise 
comparative d»ree, there is no distinction between the adjective 
and the adverb ; and upon this hint we perceive the inutility 
of the distinction and dismiss it as operose Theomn^ 

parison of adjectives should be by words equivalent to and 
most, as is practically the case in the Romantfe laiupMfeffi 
I never by comparative and su])erlatlve termlnati^ us m 
English and German, as our endeavour should alwu^ ^ 

> marntain the theme unchanged. 
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ThU nducea our dJm pArU o/fipeech to six, which are proved 
to be enough, by the facts quoted* 

The noun in German oodeigoes changes for gender, number, 
and case. Of these the gender in all Aryan tongues, except 
£nglii& and modem Persian, is an absurdity, without applica^ 
to the object, and a most serious impraiment to learners. 
C^mmatical gender, therefore, should be absolutely dismissed, 
and material gender expressed by the feminine adjective of sex, 
as in English and most American languages (bear, she- bear, rat, 
she-rat, &c.). 

The Greek has a singular, a dual, and a plural number. The 
dual has dropped out of modern tongues, and in many instances 
the plural is grammatical only and not material. Indeed, as in 
most American languages, so often in English and German, the 
pUiral form is not used even when the plural number is meant, 
^us, we say, ten head of steers, six dozen herring, sechszehn 
Stuck Cigarren, seeks Uhr Abends, &c. It is probable, there* 
fore, that*both gender and number could be usually dispensed 
with in nouns. 

With regard to the caae of nouns, it will be observed tlrat the 
tendency of all the Teutonic and Romance languages has been 
to get rid of them : French and Spanish have succeeded com- 
pletely ; the English retains the genitive, the German the 
nominative, genitive, dative, and accusative, in some instances. 
The cases have been supplied by the use of pronouns and pre- 
positions, and we shall be wise to respect this tendency as 
indicative of linguistic progress^ It is historically clear that to 
attempt to restore the case-endings of nouns would be to steer 
directly against the current of linguistic evolution. There has 
even been an effort both in En^ish and German to dispense 
with the genitive by substituting a posseisive pronoun for the 
case-ending, as **John his book,*’ “Ludwig sein Pferd** ; 
while the Berlin dialect of the lower classes has often but one 
termination for both genitive and dative, where pure German 
has two. 

The use of the possessive pronovin to indicate the genitive is 
simple and logical ; it prevails in most American languages and 
most jargons ; and is (juite adapted to the end. In fact, some 
dialects, such as the French Creole of Trinidad, Martinique, and 
St. Thomas, contain no pronominal adjectives, and make out very 
well by placing the personal pronoun, like any other attributive 
case, after the noun, as /w /?, “his book,” literally, “book 
he.” It might be queried whether the universal language would 
not gain in ease and simplicity by adopting this method of 
placement* 

The dative, or rjgime inditrefe, could be supplied in a similar 
manner by a pronoun in ati oblique form. There is no necessity 
for more than two oblique cases of the pronoun, and they can 
be added to all nouns as a substitute for prepositions, when 
needed for clearness. 

The pronouns of the modern tongues, and especially of their 
colioqutal dialects, demonstrate that the relative, interrogative, 
and demonstrative forms can be blended without loss of 
lucidity. The German def\ the English Mu/, are both relative 
and demonstrative ; the French pti and fa are both relative 
and interrogative in Creole.., 

The reflexive pronoun is used very unnecessarily in most 
modem Aryan tongues. There is no logical propriety in the 
French me casse Je bras. The use of such a. form should be 
greatly restricted. « 

The verb has tense and mood, number and person. It is con- 
jugated in all Aryan languages, sometimes re^larly, sometimes 
Irregularly, and it has many forms. In studying its history, 
however, no one cun overlook its steady tendency towards sim- 
pliflcation of the form of the theme and the adoption of the 
periphrastic method of conjugation, or that by auxiliaries. By 
this process the verb loses sol inflections and is reduced to a 
single form ; person and number are expressed in the subject, 
and mode by auxiliaries. TbU should be the process 
adopted by the universal language, with perhaps the exception 
that the simple past and future m^ght be expressed by termina- 
tions, every verb being absolutely re^lar. The future termina- 
tion is now lost ill English and German, and even the past 
termination is ofien dispensed with in both tongues, as “ I give, ” 

I did give,” “ ich that geben ” ; but as both are vigorous in 
the cultivated Romance tongues, these formal element! might be 
ooneeded, 

A very delicate question relates to the sulyitantive verb “ to 
be.” Shall we omit it or express it? The thtin rarely intro- 
and there are numerous tongues in which it has no 


I equivalent. On the other hand, modem Aryan speech has de- 
veloped it inarkedly ; the Spanish has its ser and estar^ the 
German its sein and werdtn^ expressive of shades of meamng 
included in our verb “to be.” This prominence of the expres- 
sions for existence seems to be connected with marked psycho- 
logical advances, and a ripening self-consciousness, os has been 
lately set forth by a profound French critic of language, M. 
Raoul de la Grasserie. We should be inclined, therelore, to 
respect this expression, and allow it in a universal language the 
prominence it enjoys in most Aryan tongues of modern type. 

The prepositions ofler great difficulties in modem languitg|e8. 
The most of them can m omitted by making all verbs which 
have an active meaning govern their object directly, and have 
the direct object follow the verb and the indirect object placed 
later in the sentence. The phrase, “ Give to the child a spoon,” 
would be just as intelligible in the form Give spoon child,” if 
we remember that the direct precedes the indirect object* 

The simplifleation of grammatical forms here proposed involves 
an equal simpUfleation in syntax, and this is an enormous gain* 
But it involves also the Io^s of freedom of position, so con- 
spicuous a feature in Latin, and by some so highly esteemed. 
But philosophically considered, this freedom of position is 
solely a rhetorical and artistic gain, not a logical superiority. 
Grammarians even of the classic^ tongues are perfectly aware 
that there is a fixed logical arrangement of words in a sentence, 
and this, and this alone, is the only arrangement which a uni- 
versal language should adopt. This arrangenient may he briefly 
given os follows] subject before predicate, noun before its 
adjective, verb or adjective before qualifying adverbs, immediate 
object before remote object. This is the logical course of 
thought, and should be the universal form of expression. It 
was a dubious advantage to the Greeks and Latins that their 


numerous inflections permitted them to disregard it. ^ 
Those languages which rely largely on position obtai 
grace by a recognized value assigned to alterations o 


obtain rhetorical 
ms of position ; 


and this would apply equally to the scheme proposed. 

Other questions will arise in the projecting of a universal 
language. Shall we adopt postpositions as well as preposi- 
tions ? Shall we indicate inflections by internal vowel changes ? 
Shall we have free recourse to affixes, suffixes, and inflxes? 
Shall we postfix conjunctions, like the Latin? Shall we 
manufacture entirely new roots from which to form new words 
and derivatives ? 

To all these questions your committee replies with an 
emphatic negative. All such processes are contrary to the 
spirit which has pervaded the evolution of the Aryan languages 
for the last two thousand years, and their adoption would 
violate the indicated rules for the formation of a universal 
Aryan speech. 

in. In applying the principles which have been above set 
forth to the creation of the Rev. Johann Martin Schleyer, we 
find something to praise and much to condemn in his attempt. 

Mr. Schleyer first published a sketch of his proposed uni- 
verr«al language in 1878, and the first edition of his grammar in 
1880. It has been welcomed with applause in Germany, and 
eflbrts have been made with some success to introduce it into 
France, England, and America. 

His scheme is evidently the result nf conscientious labour and 
thought, and he manifests a just appreciation of the needs of the 
time; but unfortunately the theory of construction he has 
adopted is in conflict with the development of both the Teutonic 
and Romance lan£>uages, and full of difficulties to ;he learner. 

Beginning with its phonetics, we find that he has retained the 
impure German modified vowels n, w, the French J (<6M), 
as well as the aspirated A or rough breathing. He has eight 
vowels and nineteen consonants where five vowels and sixteen 
consonants should suffice ; elsewhere he extends bis alphabet to 
thirty-seven letters* He also introduces various diacritical marks 
indicating accent, tones, vocal inflection, and quantity, all of 
which we consider needless and obstructive. lloubJe consonants 
are numerous, and the Volapiik is both written and printed 
with undersot^g and Italic letters, necessary to facilitate its 
GomprehLArion.^ 

Tne lexicography is based largely on the English, about 40 
per cent, of Uw words being taken from that tongue, with pho- 
netic modifioAHnis. These modifications do not regard the 
other Aryan lugua^, and various sounds of the VolapUk 
alphabet cottW not be pronounced by a member of any Aiyan 

^ ThwQ remarks srs faftHdupoa the Mvcmh edition of Schleyer's ** Mittlere 
Crammatik der yr(ive»sl^»ache VoUpOk** Konetnm. tSSy). 






imdm whbout st>eciftl oral ttachlng. 
4«fect 


This we reserd as a UiaX 


Udoreover, many words are manufactured ftfom endrelir new 
radfcslaf capricioiwy» or even fhntaskioaily foroed, and tms we 
condemn. 

The article is omitted which is well ; but the noons are in- 
deoted through u genitive^ dativci and accusative case, and a 
ptural number* The signs of these cases are respectively a, a, i, 
.and of ihe plural s, 

DimiautiveSf comparatives, and supcriatives are formed by 
prefaces and suffixes, and on the same plan adverbs are formed 
from adjectives, and adjectives from nouns. Thus, si/^/t silver ; 
siUjSkt silvery ; silejikum^ more silvery ; sihfikun^ most silveiy ; 
jiUfiko^ silverly. It will be observed that, while this process is 
not dissimilar to tluit once frequent in the Aryan sto^ it is not 
analogous to that which the evolution of that stock indicates as ' 
iu perfoctod form. 

In the conjugation the subject follows the verb, I 

am ; where := am, ~ I. This we object to as contrary to 
the logical arrangement of the proposition, We are surpnsecl 
to see the German third person plural (St^) retained by the 
author as a ** courteous ** form. It should be the hrst duty of a 
Universal language to reject such national soleoisms. 

The tense is indicated by prefixes a, e, i for the imperfect, 
perfect, and pluperfect active, o and u for the two futures. 

The passive voice has the prefix A the subjunctive by the 
suffix /u, the optative and imperative by the safe vr, the rafioi- 
tive by the suffix bn. Abstracts are formed by adding aL as 
money ; monal^ love of money, avarice. These sumxes 
arc to be placed in Axed relations to the root, and hence often 
become Infixes. 

The excessive multiplication of forms lends to Volapdk an 
appearance totally un- Aryan* The verbal theme is modified by 
sixteen suffixes and fourteen prefixes. There are a ** duratWe ” 
tense, and a jus.nve ** mood, conjunctive, optative, gerund, and 
supine forms, all indicated by added syllables, reminding one 


of the overloaded themes of Turanian tongues. This mechanism 
is sot only superfluous, but if any lesson may be learned from the 
history of articulate speech, it is precisely the opposite to what 
Che universal language should and must be. 


same tonguo, We. Miww tbxt the period it now near when 
once mm a unity of ^pwfth dan be cstablidted, and this stpeneh 
beiMme that of man evefywhete in the civitim world the 
purpoaea hereUr let fbnlt« 

Y<mr Committee thtmfbre offert the following resolution-^ 

— ^That the Ihresldent of the American I^hiloso{ducal 
Society be requested to indose a copy of this Report to all 
learned bodies with which the Society ts in official relations, and 
to such other Societies and individuals as he may deem proper, 
with a letter asking their co-operation in perfecting an inter- 
national scientific terminology, and also a language for learned, 
commercial, and ordinary intercourse, based on the Aryan 
vocabulary and grammar in their simplest forms ; and to tMt 
end proposing an International Congress, the first meeting off 
which shall be hsM in London or Pans. 


D. G. BnrKTON, Chairman^ ) 
Henry Phillips, Jun., [ 
Munrob B. Snyder, ) 


CommiUte, 


The meaning is largely derived from placemen^ as will be j 
aeen in the following example, in which gHdikn is the neuter 
adverbial noun ‘‘goodness,” das Gute j plidos^ fron English 
“ please, *’ the third singular indicative. 

Gudikbs plidbs (hdb. 

Gnodne^ pleases Cxod. 

Pluhs God^ i(udik, 

Ic pleases God the good (the good God). 

Plidbs gud)k Code, 

It pleases well God. 

And so on. It is acknowledged by the author that obscurities 
may easily aritic from these transpositions, and there is much 
•dependence on accents and tones. 

rrom this brief comparative examination of the evolutionavy 
tendencies of the Aryan tongues and the scheme of a uniyemal 
language as offered in the works of Mr. Schkyer, it is plainly 
evident that the two are in absolute opposition. 

Volapiik is synthetic and complex; all modem dialects be- 
come more and more analytic and grammatically simple ; the 
iormal elements of Volapuk are those long since discard^ as 
outgrown by Aryan speech ; its phonetics are strange in parts 
to every Aryan ; portions of its vocabulary arc made up 
46r the occasion ; and its expressions involve uaavoldable 
•Olwcurities. With an ardent wish for the formation and adi^- 
cion of such a universal tongue, and convinced as we are that 
now is the time ripe for its reception, we cannot reoemniefld 
VoUpiik as that which is suited to the needs of modem thought. 
On the contrary, it seems to us a distinct retrogrmsion in 
•linguistic progress* Nor in this day of combined aouvitiea does 
it appear to us likely that any one individual can ao appreciate 
the needs of civilised nations os to frame a tongue Id suit them 
all. Such a task should be confided to an Zhtotnalioftal 
Committee from the six or seven leading Aryan nationatltie&. 

In conclusion, your Committee would respwitftitly suggest that 
it would eminently befit the high position and loag-estabBsl^ 
ii^atation for learning of the American Philosophical Society^ 
^ take action in this matter, without delay, and to send an 
official proposition to the learned Societies of the world to nnlto 
dn an International Committee to devise a universal language Tor 
•business, epistolary, conversational, and scientific pui^ptw. As 
*he timeiMice was when the ancestors of all Aryans spoke the 


The following Supplementary Report was also read on the 
same occasion : — 

The former Report having been recommitted, your Commit- 
tee avails itself of the opportunity to explain more clearly the 
aim of the previous paper, to meet some of the objections 
oBered against particular statements, and, at the request of seve- 
ral members, to enlarge the scope of the Report, so as to 
embrace a brief eonsickration of the two other universal lan- 
guages recently urged upon the public, the ** Pasileiwua " of 
Steiner, and the “ intemational language^’ of SamenhoL 

The aim of the Committee was strongly to urge the desira- 
bility of taking immediate steps to establi^ a universal language, 
both for learned and general purposes. These steps, it assever- 
ated, should be taken by the learned world as a body ; the form 
of language adopted shouid be indorsed by the scientific Socie^ 
ties of all nations ; by their recommendation it should be intro- 
duced into schools and UnlYblsities, and competent private 
teachers would soon make it familiar to all who would have 
occasion to use it. The Report distinctly states that it is in 
nowise expected that this international language wit) supplant 
any existing native tongue. It is to be leamra in addition to 
the native tongue, and not in place of it. 

The aim of the grammatical portion of the Report was simply 
to maintain three theses : first, that the pronunciation of the 
proposed tongue should be so simple that it could be learned by 
anyone speaking an Aryan language, without the necessity oT 
or^ instruction ; secondly, that Its grammar should be simplified 
to the utmost ; and thitdly, that its lexicon should be based oh 
the large common property of words in the Aryan tongues. 

Your Committee repeats and insists that these are the mdifr 
pensable requisites to any such proposed international tongue. 
It do^s not insist that the individual suggestions and recom- 
mendations contained in the Report should be urged at aft 
hazards. They were advanced ratner as hints and illustrations; 
than as necessary conditions. Nevertheless, they were not 
ofifered hastily, and your Committee desires to refer to oome of 
the main arguments advanced against them. This it is prepared 
for the better, through the complaisance of Profs. Seidensticker 
and Easton, who have forwarded to the Committee, at ifis 
rcouest, abstracts of their remarks. 

Both these very competent critics attack the principle of 
deducing the grammar of the proposed language firom the latest 
evolution of Aryan speech, to wit, the jargons. Prof. SeideO- 
sticker accuses such a grammar of “poverty,*’ and addsi **A 
higher organism is of necessity more complex than a lower one." 
Prof. Easton denies that the later is the better form ; or, to 
use his own words, that the change from an inflected to «b 
analytic toil^e marks an advance in psychologic apprehension.^* 

These cruicisms attack a fundamental thesis ed your Com- 
mittee, and as they doubtless express the views of very mauy^ 
they must be met. ; 

In our opinion, they rust upon a radical mieconception of W 
whole procftsi of linguistic evolution. Tbe crucial test ofthe 
development of languid Is that the sentence shall express ^ 
thought intended to be conveyed, and mthing PMr 4 * Whieet 
this can be attained simply by tne order of words in the semencot 
without changes in those words, such Changes are not 
utoleas, are burdensome, and impede the mind* Ml pW- 

X atic mfl^oDs, whether of nouns, adjectives, or verH:aie 
i of lower Unmiisttc organlaatlon* of a haibaric coMiMoa Of 
ipee^i, and are thrown aside as uselesi lumber by the hem . 
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liOgiUatiic Cacttlty in th« evoltttiott of ju^gons. Compare a 
l^iinaenu^ from Cioero, with it« traaslation into Englnh, 
which iti a jargon of marked type, and note how much U dropped, 
and with what judioious economy : Ji^manis tquiHbus. littm 
Letters are bro^ht to the Roman knighti/^ 
Qne word here will serve to iHustrate all. In Latin the sp^ker 
must think of the adjective Ramams os masculine, not feminitke, 
or neater ; as pluml, not sin^lor ; as a dative, not a nomina- 
tive, accusative, or vocative form ; as agreeing in ail these points 
with the noun it qnaliftes ; and finally, as of the first, and not 
of the second, third, or of some irr^ular declension. All this 
needless labour is saved in the English adjective Rtnan by the 
method of position or placement. And so it is 'with every other 
word in this sentence. The evidence, both from theory and 
from history, is conclusive that the progress of language, linguis- 
tic evolution, means the rejection of idl oaradigms and inflections, 
and the speclalUotion of the process oi placement. 

Prof. Easton maintains that this method (that of placement) 
'‘introduces an element of great difficulty into the language," 
and also doubts the acceptance of the logical order stated in the 
K^rt. 

To the first of these objections the obvious answer is that the 
method of placement is that uniformly adopted in alt jargons 
and miaed tongues, which is positive proof that it is the least 
difficult of any method of expressing relation. As to the logical 
order referred to by the Committee, it is surprising that any 
exception should be taken to it, as it is that stated in the common 
classical text-books. 


Some related minor points remain to be noticed. In oppos- 
ing vocal inflection, signs, and accents, in their Report, the 
Committee referred only to the written, not to the spoken lan- 
guage. The phonetic formation proposed is insisted upon only 
to the extent that no sound should be introduced which would 
be strange to the six leading Aryan languages. The substi- 
tution of placement for prei^ositions, which they recommended, 
was meant as illustrative merely. The particular statement that 
the Berlin dialect (of the low.er class) has but one termination 
for both genitive and dative is upon the authority of Dr. and 
Mrs. Seler, of Berlin, the former a professed linguist, the latter 
l)om and raised m that city. The question whether, in the 
German expression, seeks Vhr Abends^ the word Ukr is a singu- 
lar form with a plural meaning, is contradicted by Prof Seiden- 
sticker ; but, in view of the strictly analogous Spanish expression, 
las sets koras de la tarde^ the Committee maintains its original 
opinion. 

Passing from these specific animadversions, there were some 
general (^jeccions whicn should be answered. Various speakers 
maintained that the project of on international language is im- 
possible of realization ; others asserted that it was unnecessaiy ; 
others that, even if realized, such a tongue could have no figurative 
or artistic wealth of resources. 

To these strictures it is replied that within eight years Vola- 
pUk is claimed to have acquired 100,000 studrats^ within a 
month it has attracted attention all over the United States; 
within a week a number of German merchants have announced 
tOjilieir foreign correspondenu that in future it will be used in 
their business communications. If this is the cose with so im- 
peril a language, backed by no State, no learned body, not 
even by the name of any distinguished scholar, what would be the 
progress of a tongue perfect in adaptation, and supported by all 
these aids \o its introduction ? In a decode it would be current 
omotm 10,000,000 people. That it would be barren in figurative 
meanmgs, or sterile in the expression of the loftier sentiments, 
is inconceivable, because, formed though it would be of de- 
liberate purpose, the inherent, ever-active linguistic faculty of 
the race would at ouce seize upon it, enrich tt, mould it, and 
adapt it to all the wants of man, to the expression of alt bis 
loves and bates, his pasrions and hopes. 

Vour Committee closes with a reterenoe to the remaining two 
tongoes now ctoimants for uuivenal adoption. 

" Pasiteogua 'I' ** Tongue of All*') was 

btioduced % P. Steiner, in with a smalt granAmar and 
dictHBttmy^ jMhUdtel in Gorman. The ^'intemarional Imu- 
gaaga *' of L. Samenhof, of Warsaw^ is an arrival of the 
.preshufiyeax, muliia exiflakied by him in a small volume, Issued 
m tFemdi, in his native city^ uadfr the paemloRym of ** Dr. 


So^ Shese have imreued the, oorreet path in the tiMnnarioiiof 
th^ voeabidmry ; they both prooeei on the ]den of coHecting 
fil^ttsdafidnamonts^lWAs^laiign^^ tbotr fiirm as 

lUaeaa;|MwsibleooiwAs»^ wMh mdnciegifm Usm agreeable 


phoneticisni, and when the some word has acquired diverse sig- 
nifications, selecting that which has the broadest acceptation. 
Ihe plan of Dr. Samenhof is especially to be recommended in 
this respect, and may be offered as an excellent example of 
sound judgment. It is remarkable, and remarkably pleasant, to 
see how easy it is to acquire the vocabulary of either of these 
writers, and this is forcible testimony how facile it would be to 
secure on ample and sonorous stock of words, practically familiar 
to us alreaiiy, iar the proposed universal tongue. 

Unfortunately, the al|;^abets of both employ various dia- 
critirol marks and introduce certain sounds not universal to the 
leading Aryan tongues. These blemishes could, however, be 
removed without much diffi culty. 

It is chiefly in the grammar that both err from the principles 
strenuously advocated by your present Committee. The Fasi- 
lengua has an article with three genders, (o^ ta^ /r, corresponding 
to the German drr, die^ das ; it has also three case-endings to* 
the noun, besides the nominative form, which itself changes 
for singular and plural, masculine and feminine. In the verb 
the tenses are formed by suffixes, six for the indicative, four for 
the subjunctive ; while a number of other suffixes indicate 
participles, gerunds, imperatives, &c. 

In the same manner, Dr. Samenhof expresses the relation of 
the elements of the proposition in the sentence " by introducing 
prefixes and suffixes." "AH the varying grammatical fornw, 
the mutual relation of words to each other, are expressed by the 
union of invariable words "(" Langue Internationale," p. 13). 
He acknowledges that this is " wholly foreign to the construc- 
tion of European [he means Aryan] languages,*’ but claims that 
it yields a grammar of such marvellous sini{^icity that the whole 
of it could be learned in one hour. In reality, it is what is 
known to linguists as the agglutinative process, and is found in 
the Urol-Ahaio tongues, in high perfection. 

It will be seen at once that the ^rammatic theories of both 
these tongues are directly in oppositmn to that advocated in the 
present and the previous Reports. These are both distinct re- 
trogressions to an earlier, less developed, and more cumlwirsome 
form of language than that which dispenses with paradigms and 
inflections of w kinds. 

Nevertheless, these repeated efforts go to show that an inter- 
national language is needed, that it is asked for, that it is coming, 
and justify the proprie^ of this Society, which, as far back as 
the second decade of this century, marked itself os a leader in 
linguistic science, taking the van in this important and living 
question. 

After discussion, during which amendments to the resolu- 
tion originally proposed by the Committee were offered by 
Prof. Cope and Mr. Dudley, the Society adopted the following 
resolution by a unanimous vote — 

/^rWnr^f-rThftt the President of the American Philosophical 
Society be requested to address a letter to all learned bodies 
with which this Society is in official relations, and to such other 
Societies and individuals as he may deem proper, asking their 
co-Ofperatioi^ in perfecting a language for learned and commercial 
purposes based on the Aryan vocabulary and grammar in their 
simplest forms ; and to that end proposing an International 
Congress, the first meeting of which shall be held in I..ondon or 
Paris. 


THE LICK OBSERVATORY. 


l^E reprint from the Daily Alta California the following 
extracts from a private letter from Prof. Holden to a 
gentleman in San Francisco^ giving details regarding the first 
astronomical observations mode at the Lick Observatory 


" The tack Observatory is beginning to present a verv diffiszent 
i^pearaoce, both bv night and by day, from the one it [adely had 
during its period of construction. At night the windows which 
have so loug dark show the lamps of the astronomers 

gleaming thisough them. The shutters of the observing slits are 
open, and the various instruments are pointed through them at 
the sky. The actual work of observing has begun, and the pur- 
pose lor which the Observatory was founded — to he * useful in 
promotiftf is is the way of being accomplished. Prof. 

itda of Ann Arbor, has comoienoed the long took 
Whidh hiri ^b«nn disigiiAd to him-^-noioely, to fix with the vesy 
highest degree of preciston possible, to modern science, the 
position of the ^^ Amdatneutol stais' with the Repi^old meridioxs 
cirol«*>^Ttie tUhe^nrioe for railway use is now conducted by 




356 


NATURE 




Mr. Hill (late assUitmtlt to Prof. Davidson), which leaves Mr. 
Keeler free to make the necessary studies of the g;reat star 
metroscope, which is one of the most important accessories of 
tM 36-iQch equatorial. Mr. Barnard is assiduously observing 
comets and nebulse with the fine ladnch equatorial, and p;ettiag 
the fi^otographic appliances in readiness to be used with the 
peat telescope. He has already discovered twenty new nebulee, 
mund in the course of his sweeps for new comets. To show you 
some of the advantages of our situation here, I may tell you that 
Prof Swift, of Rochester, has a fine 16-inch equatorial by Alvan 
Clark, and has discovered many faint nebulae by its use. Two 
nigVits ago Mr. Barnard was examining some of tne^ excessively 
faint objects by means of the 12-inch telescope (which gives only 
a little more than half the light of Prof. Swift’s), and in the field 
of view where Prof, Swift had mapped only one nebula Mr. 
Barnard found three, two being, of course, new. This is due 
not only to the observer’s skill and keenness of eye, but in great 
measure to the purity and transparency of our atmosphere here. 

**The Eastern astronomers have given up the observation of 
Olbers’s comet, which is now only aoout 7/100 as bright as last 
year, hut Mr. Barnard has succeeded in following it up to last 
night, when it finally became too faint to be seen even here. 
These observations, which are several weeks later than those of 
other Observatories, are of real value, as they determine a larger 
arc of the comet’s orbit, and enable its motion to be fixed with a 
much higher degree of accuracy. Mr. Keeler is just reducing 
his observations of the faint satellites of Mar&, made with the 
large telescope during the past months. You can gain some 
sort of an idea of the immense advantage of the great telescope 
in suen observations, when 1 tell you that the brightness of the 
satellites as observed by him was only about one-sixth of their 
brightness at the time of their discovery. We can» then, 
make. satisfactory observations of oTjjects which are six tinus 
fainttr than those very minute satellites of Mars were when 
Prof. Hall discovered them in 1877 with the great telescope 
at Washington. I am becoming familiar with the performance 
of the large telescope and learning how to net the very best 
work from it. It needs peculiar conditions ; but when all the 
conditions are favourable its performance is superb. I am, as 
you know, familiar with the action of large telescopes, having 
ohterved for many years with thereat refractor at Washington, 
but I confess I was not prepared for the truly magnificent action 
of thH, the greatest of all telescopes, under the best conditions. 
I have had such views of the bright planets (Mars and Jupiter), 
of nebulee, the Milky Way, and some of the stars, as no other 
astronomer ever before had. Jupiter, especially, is wonderfully 
full of detail that I had not begun to see before. The disks of 
his moons can be readily noted in smaller telescopes ; but here 
they are full and round, like those of planets. ^ 1 am almost of 
the opinion that the curve of Jupiter's shadow might be seen on 
the surfaces, under favourable circumstances, when the satellites 
suffer eclipse. There is reason to believe that the satellites of 
Jupiter, like our own moon, present always the same face to 
their planet. This can be studied here to great advantage if 
the disks present any of the markings which are reported by 
other observers. 

The Milky Way is a wonderful sight, and I have been much 
interested to see that there is, even with our superlative power, 
no final resolution of its finer parts into stars. There is always 
the background of unresolved nebulosity on which hundreds and 
thousands of stars are studded — each a bright, sharp, separate 
point. The famous clu*«ter in Hercules (where Messier declared 
he saw * no star ’) is one mass of separate individual paints. 
The central glow of nebulosity is thoroughly separated into 
points. I have been specially interested in lookii^ at objects 
which are familiar to me in other telescopes and m compar^ 
our views with the drawing made by Lord Rosse with his giant 
6 foot reflector. Theoretically, his telescope should mdre 
than ours, for his collected the most light. But the 
(sharpness) of his is far behind our own, as we constantly see. 
For example, the ring nebula in Lyra is drawn by Rosse 
with no central star. At Washington, one smaH star can be seen 
in the midst of the central vacuity, but here we are sure of seeing 
three such at least. These are interesting on account of their 
critical situation in the nebtila, not simply as stars. 

The great Trifid and Omega nebulm are wonderfiil objects 
here. Not only is a vast amount of detail seen here whi^ can- 
not be seen elsewhere, but the whole aspect of them is chan^. 
Many points that are doubtful with other telescopes are perfeetly 
simple and clear here. I have always considered that one of 
great practical triumphs of this telescope would be to settle, 


once for all, the doubts that have arisen and that will arise elsa^ 
where. Now, 1 am sure that we shall be able to do thU, and In 
a way to end controversy. 

course you understand that the period of construction 
here is not yet quite over, though, I am thankful to say, it is 
nearly end^ We have been making our observations, so far, 
under great disadvantages, and now that we see the way out of 
most of them, and look forward to work uninterrupted ^ 
machinists and constructors, we begin to realire the opportunity. 
It really takes time to understand how to utilise it in the very 
best way. A great telescope is not like an opera-glass, which 
can be taken out of one's pocket, and which is at once r^y for 
use. It is a delicate and a complicated machine, which demands 
a whole set of favourable conditions for its successful use. 
Every one of these conditions has lo be studied and understood, 
so that it can be commanded and maintained. We have been 
busy, night and day in this work, and in completing the thousand 
arrangements and contrivances which are essential in order to 
turn this vast establishment from a museum of idle instruments 
into* a busy laboratory, where the inner secrets of the sky arc to 
be studied. We feel sure now that in a comparatively short 
period we shall be in foil activity. In the meantime every one 
of us is doing his best under the conditions. 

“We expect to open the Observatory to visitors every Saturday 
night from 7 to 10 o'clock, beginning next Saturday, July ja, 

“Edward S. HoldeIn.^' 


, SCIENTIFIC SEEIALS, 

S/uIies from the BiologUal Laboratory of Johns Hopkins 
University t vol. iv. No. 4, June 1 888. — On the life- history of 
Rpenthesis mccraydi (n. sp. ), by W. K, Brooks, Ph.D, (plates 
J'li'e *887, Dr. Brooks found at Nassau, in the 
Bahamas, a few specimens of a Hydromedusa belonging to the 
Eucopida;, hearing upon each one of its four reproductive organs a 
number of Hydroid blaatostyles from which young Medusa; were 
produced by budding ; a method of reproduction which has no 
parallel among the Hydroids, if, indeeo, it occurs elsewhere in 
the animal kingdom. While in their endlesb diversity the Hydro- 
medusae present nearly all imaginable phases of development, 
yet in all hitherto recorded cases the life -history of each species 
from the egg to the second generation of eggs is a history of 
progression, but this Nassau Medusa is an exception to the 
general rule ; the bodies which are carried on the reproduciive 
organs of the Medusa are true blastost>les, so that there is a re- 
capitulation of larval stages without sexual reproduction. This 
remarkable form had on its first discovery been referred to 
Oceania, but is really an Epenthesis. The Medusae carry on 
their reproductive organs campanularian Hydroid b]astostyl«s, 
inclosed in chitinous gonangia. These blastostyles do not multi- 
ply by budding or from Hydroid cormi, although they produce 
Medusre by budding. The ectoderm of the blastostyle is produced 
by ordinary gemmation, and is directly continuous with the 
ectoderm of the Medusa, but its endoderm has no direct com- 
munication with the medusal endoderm, its germ-cells arising by 
the process termed sporogenesis by Metschnickoff. — ObservaUons 
on the development of Cephalopods : homology of the germ- 
layers, by S. Watase (plates 16 and 17). In thu most important 
paper the history of the formation of the germ- layers is traced, 
and many disputed points are settled.— On the development of 
the Eustachian tube, middle ear, tympanic membrane, land meatus 
of the chick, by Dr. F, Mall (plates 18 and 19). Confirms Prof. 
His’s demonstration, controverted by Fol and others, that the 
branchial clefts are not fissures. — On the branchial clefts of the 
dog, with special reference to the origin of the thymus gland, 
by Dr. F. Mall (plates 19-21). — On experiments with chidn 
solvents, by T. H. Morgan. Recommends the Labaraque solution 
(potasshim byperchlorite) as a solvent for chitin. 

Notes the L^dtn Museum^ vol. x. No. 3, July |888«— 
Among the longer articles may be mentioned On the £iotyUdse 
of the Leyden Mu^m, by the Rev. H. S, Gorham. About 
seventeen are hew, induding four for which it has been necesmy 
to make new genera, —On some new Phytophagous Colecptm 
from Brasil, by M. Jacoby. — On the Shrews of the Matbyaa 
Archipelago, by Dr. F. A. Jentink.— On the habits and anatom 
of Opisihacomus erisieUus^ by Dr. C, G, Young. In tbisDapeir 
there are no toferences to the rarioos memoirs already puhlM^ 
on the mtatmy of this bird.-^n some new or ItuW^kncn# 
Longiooms (Pachyteria), by C, Ritsema. — On ^rds fram w 
Coi^o and £k>uth*Westm Africa, F. Bittlkofor. 
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^Hrely ^)rpothetical, as might have been shown at any time by 
atimuiatiDg the facial nerve in the sVult, and observing the aoK 
|Hilate. 

We have found that stimulation of the peripheral end of the 
divided fnciaJ nerve in the internal auditory meatus failed to 
'Cause even with n^oRt powerful currents the slightest movement 
of the soft palate, altaough the face was thrown into violent 
spasm. The true motor nerve supply of the levator palati is, 
according to our observations, the Xlth nerve {vid^ infra), 

IXtk Ne^'vt, Ghsiopharyng^a!,~^K^^ exciting this nerve, in 
addition to the movements of the pharynx, which we attribute to 
the contraction of the stylopharyngeus, and possibly to the 
middle constrictor of the pharynx, we have oDserved certain 
movements of the palate, as follows : — (i) Stimulation of the 
nerve while beneath the stylo-hyoid ligament and uncut, gave in 
two instances elevation of the palate on the same side, and in 
one instance on both sides. We suppose that everyone will 
•consider with tis this movement to be reflex in origin, but wc 
nrost add [2) that in one case we saw elevation of the palate to 
the same side when exciting the peripheral end of the cut 
nerve. In this latter case, perhaps, the result may be explained 
by the close neighl>ourhood of the pharyngeal plexus and the 
possible e cape of current thereto, and under any circumstances 
this is but n single exceptional observation, so that we lay no 
stress upon it. Finally we never saw movement of the soft 
palate when the glos^opbaiyngeal nerve was stimulated within 
the cranial cavity. 

AVA Nervt. Vagns. — In stimulating the uncut nerve outside 
the skull, below the level of its junction with the hypoglossal, 
rhythmical movements of swallowing were produced, which 
occurred at the rate of twenty- five times in thirty -five seconds. 

In one observation all the constrictors of the pharynx were 
thrown into action, when the peripheral end of the cut nerve 
was stimulated outside the skull. 

The rhythmical movements of swallowing obtained by stimu- 
lating this nerve must be due to, of course, the simple reflex, the 
stimulus acting on the nerve in the centripetal direction, and 
that this was the case is proved by the fact that no movement was 
obtained when the peripheral end of the cut nerve was stimulated 
inside the skull 

The superior laryngeal branch on being stimulated gave 
rhythmical movements of swallowing at the rate of seventeen 
times in fifteen seconds, but when the nerve was cut and its 
peripheral end stimulated, only very slight movement was pro- 
•duced in the larynx, evidently by contraction of the crico-thyroid 
muscle, 

XM Nirve, Accessary to Vagus. — In discussing the motor 
functions of the Vllth nerve, we stated that the hitherto received 
idea of the soft palate being supplied by the facial nerve was, 
according to our observations, entirely erroneous. We find that 
the levator palati is supplied entirely by the Xlth nerve.* 
When the peripheral end of the cut nerve was stimulated inside 
the skull, ^evation of the soft palate on the same side was 
invariably seen. The path by which the fibres from this nerve 
reach the palate is probably through the upper branch of the 
pharyngeal plexus. 

Xilth Nerve, When the entire nerve was 

excited outside the skull, just below the point where it is joined 
by the first cervical nerve, the longue was flattened posteriorly 
on the same side, and the tip protruded also on the same side, 
while in no cose was there any heaping up of the tongue. 

At the same time the depressors of the hyoid bone were 
tiirowtt into action, and in some cases tl^ dragging downwards 
of the hyoid completely prevented the tongue from being 
protruded. 

The movements described above were repeated without alter- 
ation when the peripheral end of the out nerve was excited at 
the same place. 

It must be particularly noted that the movements of the tongue 
were purely uni-lateral, and this was proved to be the case 
beyond douht by two experiments, in ^hlch the tongue was 
diwded longitudinally in the middle line to the hyoid bene, when 
the movements were seen to be entirely confined to the side 
stimulated. 

When the cut nerve was excited within the skuU a different 
result was obtained, the tonw was flattened behind, and pro- 
truded towards the same side, but there was no action in the 
depfwon of the hyoid. 


z I dMimta odd hsM that Dr. F«luc Seiaoa, in tluoounwof wmeeipflri* 
^uaetkm tbotsia tae 


r the Xlth nerva,- 


It has always been Uelcl that the depressors of the hv^ bone 
receive their motor ttervu supply from the hypoglossal 
the de^ndens noul, but, as will be shown farmer on, occordliig 
to our observation, these muscles are supplied by the first and 
second cervical nervCsi and it is Only when the hypoglossal is 
stimulated below the p^nt where it is joined by the Wnch from 
the first cervical nerve, that any movement is produced in the 
depressors of the hyoid. 

B. Spinal Division, 

Our observations of the motor functions of the first three 
cervical nerves as regards their influence on the hyoidean muscles 
have been made when the nerves have been excited — 

(oi) In the spinal canal 

(A) In the neck immediately upon their exit from between the' 
vertebral transverse lu-ocesses. 

The nerves in the spinal canal were separated from the spinal 
cord and thoroughly dried, the efficacy of the precautions taken 
against spread bemg evidenced by the difference in result 
obtained by exciting each root. 

The effects obtained by the methods a and A were identical 

/st Cervical Nerve. Branch of Union with the Hypoglossal, 

In the description of the XI 1 th cranial nerve, we have stated Us 
the result of our experiments that the depressors of the hyoid bone 
are not thrown into action when this nerve is stimulated within 
the skull. On cart^fully dissecting out the branch from the I$t 
cervical nerve to the hy|)oglossal we find on excitation of it that 
there is no aMVement m the tongue, but the depressors of the 
hyoid bone JlSfc strongly contracted. Of these muscles the 
sterno'hyoia and sterno- thyroid were always especially aflected, 
while the omo-hyoid was less frequently seen to contract and in 
some cases not at all In the cases wJiere this muscle contracted, 
in one experiment the anterior belly alone acted, and when bodi 
bellies contracted the movement in the anterior was in excess of 
the posterior. 

Jl mi Cervical Branch to the Descendens Nom.—-On stimu- 
lating this nerve the depressors of the hyoul were thrown into 
action, l>ut the muscles involved were not affecled in the same 
way as was the case with the 1 st cervical nerve. The muscle 
which was most constantly set in action by excitation of the Ilnd 
cervical nerve was the omo-hyoid and especially its posterior 
belly. The sterno-hyoid and sieruo-thyroid also took part in de- 
pressing the hyoid bone, but it was especially remarked in half 
the cases, that their action was notably le,«s powerful than that of 
the omo-hyoid. In one experiment in which a very weak 
current was employed, the omo-hyoid was alone seen to contract. 
Wc are consequently led to conclude that while the sterno-hyold, 
stemo-thyroid, and omo-hyoid muscles are all set in action by 
excitation of the 1 st and Ilnd cervical nerves, the first two 
muscles are relatively supplied by the former nerve, while the 
Ilnd nerve is especially connected with the omo-hyoid muicle. 

Descertdens i\oni. — We prefer to mention here the results of 
exciting this nerve, inasmuch as we regard its motor fibres to ht 
derived entirely from the Ist and Ilnd cervical nerves. This 
nerve (ordinarily regarded as a branch of the XTIth cranial}, 
when stimulated above its junction with the branch from the Ilnd 
cervical nerve, produced contraction of the stetno-hyoid and 
sterno -thyroid muscles, and where the current emplo]^ was ' 
weak there was no contraction of the omo-hyoid, imt this 
movement was superadded on increasing the strength of the 
current. 

We ought here to mention the opinion held by Volkmonn (Uc* 
at . } that fibres ascend to the hypoglossal from the spinal rami 
communicantes by the descendens noni. 

///rd Cervical Nerve. —On stimulating the branch from this 
nerve, which forms the Ilnd cervical nerve just before the msh- 
thus formed is connected to the descendens nonl, there woe Uo 
action ssen in the depressor of the hyoid bone ; (t therefore seeihs 
certain that these muscles are supplied with motor fibres solely by 
the branches from the Ist and Ilnd cervical nerves. , 

June 14.—*' On Meldrum's Rules for Handling Ships W the 
Southern Indian Ocean.*' By Hon. Ralph Abereromby, 
F.R.Met.Soc. Communicated by R. H. Scott, F.R.9. 

The results of this paper may be summarised os foUnwtv-^ ' 

The author Cixamlnes oritioally certain rules given bv Mt 
Meldrum for handling iihipe auring hutrlcanes in me Shttth 
Indian Ocean, by meaht both of publi^ed observsdSbbe 4^ 
from personal inspection of many unpublished records te Hie 
Cfi>servatoiy at MtuttUius. The result confirms the vsllil^ of 
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Mr. rules ; and the author then develops oertaia 

esjf)i«fiAti(ins» which have been partially given by Meldrum, adds 
slk^Uy to the rules U^e handling ships, and correlates the whole 
tm modem methods of meteoroiqgy, 

JU an example, a hurricane is taken which blew near Mau- 
ritius on February ii, 13 , and 13, i86i, and the history of 
every ship to which the rules might apply is minutely investi- 
gated. The result, dividing Melaruxn^s rules shortly into three 
parts, is as follows : — 

Rule X. Lie to with increasing south-east wind till the baro- 
meter has fallen 6-ioths of an inch. Seven cases, luVe right in 
every case. 

Rule 2. Run to north-west when the barometer has fallen 
6 ioths of an inch. Three casein, two failures, one success. 

Rule 3. Lie to with increasing north-east or east wind, and a 
falling barometer. Seven cases, rule right in every instance. 

Ride 2 was exceptionally unfortunate in thU ca&e, as the path 
of the central vortex moved in a very uncommon and irregular 
manner. At the same lime, in any case, it appears to be about 
equally hazardous tp follow this rule or to remain hove to. 

The following new statements are then examined in detail - 

The shape of all hurricanes is usually oval, not circular. An 
elaborate examination is made of hurricanes on 60 different days, 
in 18 different tro]>ical cyclones in various ports of the world, 
with the following results ; — 

(1) Out of 60 days, cyclones were apparently circular on only 
four occasions, and then the materials are very scanty. 

(2) The shape was oval on the remaining 56 days, but the 
ratio of the longer and shorter diameter of the very rarely 
exceeded 2 to 1. 

(3) The centres of the cyclones were usually disptaced towards 
some one side. No rule can be laid down for the direction of 
displacement, and in fact the direction varies during the pro- 
gress of the same cyclone, llic core of a hurricane i-. nearly as 
oval as any other portion, 

(4) The longer diameter of the ovals may lie at any angle 
with reference to the path of the cyclone ; but a considerable 
proportion lie nearly in the same line as the direction of the 

(5) The association of wind with the oval form is such tlwl 
the direction of the wind is usually more or less alonjj the iso- 
bars,* and more or less incurved. This is the almobt invariable 
relation of wind to isobars all over the world. 

From an exaniinatiun of the whole il is proved conclusively 
that fto rule is possible for (lelermitiin^ more than approximately 
the position of the central vortex of a cyclone by any obsert'a- 
Horn at a sinf^le ictation. 

The relation of a hurricane to the south-east trade is then 
discussed, and it is shown chat there is always what may be 
called ** a belt of intensified trade wind ** on the southern side of 
a cyclone, while the hurricane is moving westwards. In this 
belt a ship experiences increasing south-east winds and squalls 
of rain, with a fallir^ barometer, but is not within the true storm 
field. The difficulties and uncertainties as to handling a ship in 
this belt arc greatly increased by the facts that the longer diame- 
ter of the oval form of the cyclones usually lies cast and west, 
and that there is no means of telling towards which side of the 
oval the vortex is displaced. 

The gi'caler incurvature of the wind in rear than in front of 
hurricanes in the Southern Indian Ocean is next considered, and 
then facts are collected from other hurricane countries confirma- 
toiy of Meldnim’s rules for the Mauritius. 

KxUpping and Doberck in the China Seas find little incurva- 
ture of the wind in front, but much in rear of typhoons. 

Mr. ^Vill 80 ^ finds in the Bay of Bengal (bat nofth-east winds 
prevaH over many degrees of longitude to the north, in front 
a cyclone ; and this is analogous to the belt of intensified trade 
so characteristic of Mauritius hurricanes. 

Phohre VJfiet finds at Havana that the incumture of hurricane 
winds is very slight in front, and very great in roar. 

Thenuthor then details further resiBaroheB on the natuie of 
cyclones, which bear on the rules for handling ships. ' 

(x) Indications derived from the form and motion <>t clouds. 
It k shown that the direction of the lower clouds ts usually more 
nearly eight points from the bcariag Of the vortax than the sur- 
face Ufind ; but as the direction varies with the height of the 
clo^, and as this height can only be estimated, tluslact is not 
of much value. 

{^) Ltek&ng at the vertical sucoessiaiiiof wjlsid oorreots, if the 
mvMhnt the upper clouds over the south-east trade is more from 


. the east, then thu cyclone will pass to the north of the observer ; 
but if the upper clouds move more from the south than the 
surface wind, then the hurricane will pass to the south of the 
Observer. 

(3) As to the form and uosition of clouds : so soon as the 
upper regions commence to ue covered, the direction in which 
the cirrus veil U densest gives approximately the bearing pf the 
! vertex. Later on, the characteristic cloud bank of the hurricane 
appears, and the greatest and heaviest mass of the bank will 
appear sensibly in the direction of the vortex, 
j The irregular motion of the centre of a cyclone is next dis- 
' cussed, and it is shown that the centre often twists and sways- 
about, in some cases even describing a smalt loop. 

From this and other facts it U shown that the attempts which 
have been made — 

(s) To estimate the track of a cyclone by projection. 

(2) To estimate the distance of a ship from the vortex, either 
by taking into account the entire absolute fall, or by noting the 
rate of fall, can lead to no useful result. 

A series of revised rules for handling ships in hurricanes is 
given. Comparing these with the older oms it will be 
remarked — 

(1) That the rule for finding approximately the bearing of the 
vortex is slightly modified. 

(2) That the great rules of the “laying to” tacks rcmaiiv 
unaltered. 

(3) That the greatest improvement is the recognition of the 
position and nature of the belt of intensified trade wind on the 
dangerous side of a hurricane, where a ship experiences increas 
ing wind, without change of direction, ami a trailing barometer. 
The old idea that such conditions show that a ve.sscl is then 
necessarily exactly on the line of advance of a hurricane is- 
erroneous. She may, but she need not be ; and under no cir- 
cumstances should she run till the barometer has fallen at least 
6’ioihs of an inch. 

(4) There are -certain rules which hold for all hurricanes ; but 
every district has a special scries, due to its own local peculiari- 
ties, Those for the South Indian Ocean are given in this 
paper, 

Paris. 

Academy of Sciences, July 23. — M. Janssen, President, 
in the chair. — The President announced the death, on July 19, 
of M, H. Debray, member of the Section of Chemist 17, whose 
name will always be remembered in connection with the laws 
determining the tension of dissociation, the density of the vapour 
of sulphur, and other researches throwing much light on many 
obscure chemical phenomena. — Note on target practice, by M. 
J, Bertrand, In continuation of his previous communication 
{Comptes rendus of February 6, 1888), the author here shows 
that the actual results of 1000 experimental shots correspond 
closely with the theory as expressed by the general equation 
-f 2Kxy -h k'-y''- — H. The practice wa-s at a distance of 
200 metres with ten riffes of like model, each marksman firing 
ten shots with each rifle. — Kemavks on the quantitative analysis- 
of nitrogen in vegetable soil, by MM. Berthelot and G. Andrti. 
I'he analysis of nitrogen in ground contaijiing nitiates presents 
some apparent difficulty. But the results of the researches here 
described show that in the case of ground poor in nitrates, the 
^analysis may be safely and rapidly executed with a blend of lime 
and soda. — ^On the luminous bridges observed during the transits 
and occultations of the satellites of Jupiter, by M. Ch. Andre. 
As in the transits of Venus, these optical phenomena are here 
shown to be entirely due to the optical surfaces of the instruments 
modifying the direction of the luminous waves. They are, in 
fact, a result of diffraction in the instruments of observation. — 
Measurement of the coefficients of thermic conduct ibility for 
metals, by M. Alphonse Berget. The author here applies to red 
copper, brassi iron, the same method he has already adimted 
for mercury {Com^Us rendus, July 3$, i8Si7, and July x6, 18S8), 
with the following tesults : red copper, ^ i 0405 ; brass, 
k =; D'26k5 ; irott, ^ st o'isfiy. — Magnetic determinations in the 
basin of the "West Mediterranean, by M, Th, Moureaiix. Having 
been chiugcd by the Minister of Public Instruction to collect the 
elements needed for the preparation of magnetic charts for this 
region, the author obtained in the period from April 19 to 1 une 
2 %t as many as ninety measures of declination and fifty- 
fime of incthxatkm for fifity-two stations. The results are here 
tabulated for those stations, of which four are in Corsica, thrae 
in Italy, two inWha, one in Tripoli, seven in Tunisia, twenty- 
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in Al^ria, one in Morocco, eight in Spain, and one m 
France. In a future communication will be given the magnetic 
chart! constructed from these observation!. — Analysis of the 
Xile waters, by M. A. Muntz. At the request of M. Antoine 
d*Abbadie, the author has examined several specimens with a 
view to determiqing the proportion of nitrates contained in these 
marvellously fertilizing waters. The results show that, while the 
proportion is variable, it does not exceed or even equal that 
found in the Seine and some other rivers. The analysis gives 
4'03 mgr. per litre for nitric acid, which is derive partly 
from the soil, partly from the tropical rains which cause the 
periodic^ floods. The nitrates are not regarded as the chief 
Cause of the great fertility of Egypt, which is more probably due 
to the chemical properties of the sedimentary matter deposited at 
each recurring inundation. — Researches on some salts of rhodium, 
by M. E. Leidl^. The author here determines the constituents 
and formulas of the chloronitrate of rhodium and ammonia, the 
sulphate of rhodium sesquioxide, the oxalates of rhodium and 
potassium, of rhodium and sodium, of rhodium and ammonium, 
and of rhodium and barium. — On a new method of quantitative 
analysis for the lithine contained in a large number of mineral 
waters, by M. A. Carnot. The process here described is effected 
bv means of the fluorides, and is based especially on their 
different degrees of solubility.— On the chloride, bromide, and 
sulphide of yttrium and sodium, by M. A. Duboin. The 
paper deals with the preparation and properties of the crystallized 
annydrous chloride and bromide of yttrium, and the crystallized 
sulphide of yttrium and sodium. — On the ouantitative analysis of 
glycerine by oxidation, by M. Victor Planchon. A detailed 
account is given (with further applications) of Messrs. Fox and 
Wanktyn's new process of analysis, based on the fact that 
giveerine, oxidized by the permanganate of potassa in a strong 
alkaline solution, is transformed to water, carbonic acid, and 
oxalic acid, according to the equation given in the Chemical 
News of January 8, 1886.— On anagyrine, by MM E. Harilyand 
N. Gallois. The authors claim to have first discovered this 
extract of Ana^ris ftcHda^ a poisonous leguminous plant ranging 
over the whole of the Mediterranean basin. They here describe 
it! toxic properties, and determine the formula of anagyrine as 
Ci^HigNaOj. — Action of aniline on epichlorhydrine, by M. Ad. 
Fauconnier. Some month.! ago the author announced that he 
had obtained by the action of aniline on epichlorhydrine an 
oleaginous ba!e, the chlorlwdrate of which corresponds to the 
formula CisH^oNbCIiO. He has since prepared this base in the 
'crystallizea state, and has also obtained some derivative^, which 
have enabled him to determine its constitution and true formula, 
CaH,(OH)(NH.CflHj)3. Instead of dianilglycerine, as first 
si^ested, he now proposes to call this base oxipropylene- 
di^enyldiamine, which has the advantage of indicating its 
composition. — M. Pierre /alocostas describes the constitution of 
sptmgine ; MM. Arm. Gautier and L, Mourgues ded with the 
• volatile alkaloids of cod-liver oil (butylamine, amylamine, 
hexylamine, dthydrolutidine) ; M. Massol gives a process for 
neutralizing malonic acid by means of the soluble bases ; and 
M. H. Moissan describes the method of preparation and the 
properties of the fluoride of ethyl. 

Berlin, 

Physiological Society, July 20. — Prof, du Bois-Reyroond, 
President, in the chair. — Dr. Benda explained his views on the 
structure of striated muscle -fibres in connection with the state- 
ments recently laid before the Society by van Gehnchten. He 
took as his starting-point the wing-muscles of insects, which are 
composed of fibrillae permeated by transverse partitions ; each 
division of the fibre consists of a hollow cylinder of isotropic 
substance filled with contractile anisotropic material. The 
latter shrinks under the influence of reagents, leaving above and 
below a disk of Isotropic substance. In the muscles of the body 
in insects, and in those of the higher animals, the isotropic disks 
of neighbouring fibrUlse are fused into continuous layers, between 
which the smiut cylinders of anisotropic substance, run perpen- 
‘dicularly. When the muscles are resolved by the action of 
reagents into Bowman's disks, the cleavage of the fibrils takes 
place either across the anisotropic cylinders or the isotropic 
disks.— Dr, Hermans spoke on the relative toxicity of oxalic, 
mtlootc, succinic, and methyl-succinic acids, and of their sodium 
salts, lie hod been requested by Prof. Henry, who bod studied 
the chemical and physical properties of these acids, to investigate 
the relative toxic action of this series of acids, and hod found 
that the strongest acid-— namely, oxalic— was the most poisonous. 


One milligramme of this acid sufficed to kill a frog ; of matonlc add, 
whose physiological action, as well as that of methyl-suednic 
acid, had not been investigated, x to 3 mgr. were necessary ; of 
succinic acid, ^to 4 mgr.; and of methd-succlntcacid, 6 to 7 mgr. 
The toxic action of the acids diminished thus as the molec^r 
weight increased. When the sodium salts of these acids were 
used instead of the free acids, the toxicity was the same in the 
case of oxalic acid, but was much less in the case of the other 
three acids. — Dr. Sklarek gave an account of the recently 
published observations of WeUmann and Ischikawa on partial 
impregnation of the Daphnidcc. 
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CEL TIC HE A THEN DOM. 

The Origin and Growth 0/ Reiigion as Illustrated by 
Celtic Heathendom, The Hibbert Lectures for 1 887. By 
J. Rh^s. (London : Williams and Norgate, 1888.) 

P ROF. RH'f'S has made an important contribution 
in this volume, if not to the development of 
religion in general, at all events to the study of Indo- 
European mythology. Almost for the first time, the 
religious legends of the Kelts have been subjected to 
scientific treatment, and the resources of scientific 
philology have been called in to explain them. The 
Keltic languages and mythology have long been a happy 
hunting-ground for the untrained theorist and charlatan : 
in the Hibbert Lectures for 1887 we find at last etymo- 
logies which can be truMed, and a method of investigation 
which alone can lead to sound results. 

The method employed by Prof. Rhps is the compara- 
tive method of science. The literature of the Keltic 
nations does not begin until after the triumph of 
Christianity ; and apart from a few Gaulish inscriptions, 
and the questionable assertions of Latin or Greek writers, 
our knowledge of Keltic paganism must be derived from 
such traces of it as we may detect in a later and hostile 
literature. These traces consist for the most part of the 
myths and legends preserved in Irish manuscripts or 
Welsh romances. 

By comparing the Irish and Welsh legends one 
with another, and analyzing the primitive meaning 
of the proper names round which they centre, Prof. 
Rh^s has attempted to recover their original form 
and signification, verifying his conclusions not only 
by an appeal to etymology, but also, wherever it is 
possible, to the evidence of the Craulish texts. Without 
doubt, a considerable number of his conclusions are 
merely hypothetical, and in some cases his interpretations 
depend on the exercise of the same Keltic imagination 
as that which inspired the old story- tellers, but, on the 
whole, he has laid a broad and solid foundation of fact, 
which must be the starting-point of all future researches 
in the same field. He will himself be the first to acknow- 
ledge the tentative and theoretical character of much of 
his work ; indeed, the readiness with which he admits in 
his appendix that he has changed his opinion in regard 
to certain questions is a witness to his possession of the 
true scientific spirit, which is always open to conviction. 

The lectures appropriately begin with an account of 
Gaulish religion, so far as it can be gathered from the 
scanty evidence of the monuments. Then follow chapters 
on the Zeus of the insular Kelts, as well as on the Culture- 
hero and on the Sun-hero, the two latter of whom Prof. 
Rh^s endeavours to keep apart, though the attempt does 
not seem to me to be more successful chan it has been in 
the case of other mythologies. The suggestioot indeed, 
that the Keltic Culture-hero may have been a deified 
mah^like the Norte Woden, the Greek Prometfaeas, or the 
Ind^ Indra, has little in its favour ; at all events, if 
In^ra or Pfometbeut were of human origin^ the Sun-god 
hove been of humon origin also. The myths told 
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about 'Uhc Culture-hero” are precisely similar in charac- 
ter to those told about “ the Sun hero.” 

The last lecture is occupied with those figures of Keltic 
mythology which are not directly connected with cither the 
beginnings of civilization or the adventures of the solar 
orb. Here Prof. Rh^s has done important service for the 
historian by sweeping away the foundations on which the 
so-called early history of Ireland has been built. The 
races who have been supposed to have successively 
efifected a settlement in the island belonged to the world 
of mythology. The Tuatha dd Danann, or “ Tribes of the 
goddess Danu,” were long remembered to have been the 
fairies; the Fomorians, or ‘‘submarine” monsters, were 
supernatural beings whose home was beneath the sea ; 
and a human ancestry is denied even to the Fir-bolgs or 
“ Men of the Bag.” I am not sure that Prof. Rhys docs 
not sometimes go too far in refusing an historical character 
to the personages and events recorded in Keltic tradition ; 
the recent revelations of early Greek archaeology are ’a 
useful w.arning in this respect, and the Keltic Professor 
himself is obliged to admit that by the side of the 
mythical Emrys and Vortigern there were an historical 
Ambrosius and an historical Vortigern. A story must 
have a setting in time .and place, and the internecine 
quarrels of the lively Kelt afforded frequent opportunities 
for attaching an old story to the heroes and circumstances 
of the day. It is not so many years ago since Atreus and 
Agamemnon were relegated to the domains of mythology ; 
yet we now know, from archaeological exploration, that 
the legends in which they figured were based on 
historical fact. 

In a book so rich in new ideas and information it is 
difficult to select anything for special notice. Bearers of 
the name of Owen, however, will be interested by finding 
it traced back to the Gaulish agricultural god Esus, 
whose name is connected by Prof. Rh^s with the Norse 
dss, “ a god,” and the Professor is to be congratulated on 
his discovery of the origin of King Lud, the Lot of the 
Arthurian romances. Lud is the Welsh Llftdd, in Old 
Welsh Lodens, who bears the title of Llfidd Llawereint, 
or “Lud of the Silver Hand.” The initial sound of Lliidd, 
however, is due to that of the epithet so constantly 
applied to him, the primitive form of the name having 
been Nfidd, which appears in the Latin inscriptions of 
Lydney as Nodens or Nudens, a sort of cross between the 
Roman Mars and Neptune. Nodens, again, was the 
Irish Sky-god, “ Nuada of the Silver Hand,” and a myth 
was current which explained the origin of the title. 

Equally worthy of notice is what Prof. Rh^s has to tell 
us about “ the nine-day week” of the ancient Kelts. He 
shows that like the Latins they made use of a week of 
nine nights and eight days, and he points out that traces 
of a similar mode of reckoning time are to be found in 
Norse literature, Whether he is right in ascribing the 
origin of such a week to a habit of counting the fingers of 
one hand admits of question, and 1 do not see how the 
Irish divinity Maine who presided over the day of the 
week can be. Welsh Menyw, if, as we are told, Maine 
owes his ori^;kl to secht-mainy itself borrowed from the 
Latin septimamk eeven-day week. Prof. Rh^s believes 
that he has Ibtmd a further resemblance between the 
ealendjir of (he primitive Kelts and Scandinavians, in the 
fhet that the year in both cases began at the end of the 
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autumn. But no argument can be draw^n from the fact in 
favour of the Uieory which places the primxval seat of the 
Aryan race within the Arctic Circle, since the civil year of 
the Jews also began with the ingathering of the harvest 
at the time of tile autumnal equinox, and no one would 
propose to transfer their forefathers to the distant north. 

The points of likeness between the mythologies and 
religious conceptions of the Kelts and Scandinavians, to 
which Prof. Rhps has drawn attention, are numerous and 
striking. How many of them go back to an age when 
the ancestors of the Scandinavians and of the Aryan 
Kelts still lived together it is impossible to tell, but several 
of them can most easily be explained as due to borrowing. 
It is now well established that Norse mythology and 
religion were influenced not only by Christianity but also 
by the mythology and religion of the Kelts, with whom 
the Norsemen came into contact in the Hebrides, in 
Ireland, and in the Channel Islands, and in a comparison 
between Keltic and Scandinavian legends this influence 
must always be allowed for. 

I must not part from Prof Rhys's learned and im* 
portant lectures without exercising the privilege of a 
reviewer by objecting to certain of his conclusions. 
These relate to the Keltic allusions to a Deluge, and 
to the stories of a contest between the gods and the 
monsters of the lower world. Whatever may be the 
origin of the Keltic myths which are supposed to refer to 
such events, they cannot be compared with the Indian 
legend of the deluge of Manu or with the story of the 
conflict between th‘2 gods of Olympos and the Titans. It 
has long since been pointed out by Lenormant that the 
Indian legend was borrowed from Babylonia ; and its hero, 
Manu, has nothing to do with the Kretan Minos. Apart 
from the unlikencss of the vowel in the first syllable of 
the two names, Minds seems to be a word of Plioenician 
origin. , The conflict between the gods and the Titans, 
again, has now been traced to Babylonia. Like the twelve 
labours of Hcrakles, the Babylonian epics have been 
recovered in which the story appears in its ^earliest form, 
before it was passed on to the tirceks through the hands 
of the Phcenicians, The Titans and HerakJes were 
alike figures of Semitic, and not of Aryan, mythology. 

I have left myself space to do no more than draw atten- 
tion to two very interesting questions suggested by Prof. 
Rhys's lectures. It is in Scandinavian rather than in 
Latin mythology that he finds p,:iKillels to the myths and 
legends of the Kelts. Nevertheless, linguistic science 
teaches us that the Keltic dialects had most afiinity to 
Latin and not to the Scando-Teutonic languages. Was 
Latin mythology, then, so profoundly modified by some 
foreign system of faith, such as the Etruscan, as to have 
lost a considerable part of its original character even 
before it passed under the influence of the Greeks? 
Was it, in fact, Etruscai^ued before it was Hellenized ? 
The other question , relates to the causes which have 
reduced tlse gods of a former age to the human kings and 
princes of later Keltic legend. The same transformation 
characterizes the traditions of ancient Persia, as it also 
characterizes Semitic tradition. In the case of Persiai 
such unconscious euhemerism seems to have been brought 
about by a change of creed. Was this also the reason 
why in Keltic story the ancient Sky-god became Nuada 
of the Silver Han 4 ? If the old theology woitid bava 


remained practically unchanged until the coiiverliioh of 
its adherents to Christianity, and the growth of moat of 
the mythology beneath which Prof. Rhys has discovered 
the forms of dishonoured deities would have,.^ken place 
in the centuries which immediately followed fall of 
the Roman Empire. They are the same centuries, be it 
remembered, which divide the history of Britain into two 
portions, separated from one another by a veil of myth. 

A. H. Sayce. 


HAND-BOOK OF THE AMARYLLIVEM, 
Hand-book of the AmarylUdm. By J. G. Baker, F.R.S. 

203 pp. (London; George Bell, 1888.) 

OINCE Herbert’s Amaryllidaccje,” published in 1837, 
there has not been any work brought out containing 
descriptions of all or approximately all the species of * 
Amaryllidaceous plants until the appearance of this little 
work. Herbert’s volume has long been both rare and 
out of date, and some such book as the present was a 
desideratum. Neither could anyone be found who has a 
better or more extensive knowledge of the bulbous plants 
than Mr. Baker, whose monographs of the LiliacccC and 
Iridaccic are well known to all lovers of these groups. 
The work before us is the result of twenty- three years’ 
study, and embodies descriptions drawn up not only 
from herbarium material, but especially from living 
plants- some grown at Kew Gardens,^ others from the 
conservatories and gardens of profes^hal and amateur 
cultivators. It is intended as a y^^king hand-book for 
gardeners and botanists, and as subh seems suited for its 
purpose. 

The group of Amaryllideas is one which has suffered in 
popularity from the modern rage for Orchids. A glance .at 
the volume will show that many species were introduced 
into cultivation from fifty to a hundred years ago, and arc 
now quite lost from our gardens. In those days Cape bulbs 
were very popular ; and Masson at the close of the last 
century, and Cooperand others in later years, introduced 
many beautiful and curious plants now known to us only 
by their dried specimcn,s and drawings. Of these the 
curious South African genus Gethyllis is a striking 
example, six out of the nine species here described being 
only known from Masson's sketches and specimens, 
and this in spite of the numerous careful and energetic 
collectors we have now at the Cape of Good Hope. 

*One leason for this disappearance of species is the very 
narrow limits of their distribution in many cases, although 
it appears that the individuals are often abundant when 
the right locality is reached. Witness, for example, the 
little Tapeinanthgs of Spain and Morocco, discovered' by 
Cavanilles in 1794, and lost again till two years ago, 
when it was re-discovered in profusion by Mr. Maw, who 
has stocked our gardens with it ; and very similar are the 
cases of the strange green-flowered Narcissus of Gibraltar 
and the Lapiedra, known to Clusius as early as i574,./suid 
still a great rarity even in herbaria at the present day. 
When it is remembered that these three plants grow in 
localities close to our own shores, it is not surprising thpt 
many of the more distant South African species fign^by 
Jacquin in his sumptuous works, as well as omy A^dgtth 
and Peruvian species, are still ahseot teiia our gaed^ 
aftd 
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. Beilis th« rarity of som« of tlt^se plants, they have a 
hat>it of entirely diaappoaring alter dowering, and indeed 
in many cases they will only appear at irregular and long 
intervals, ^ich also conspires to make them .difficult to 
procure, collectors are necessarily anxious to know 

the time of the year at which they should be looked for in 
dower, and this the author has where possible added to 
his description. 

The volume includes, besides the typical Ama^yllide^x^, 
the Alstroemeria; arid Agavese, but the Hypoxideas asy^ll 
Vellozieae are omitted on the grounds that they have be^ 
elsewhere fully dealt with. This we think a pityy as it 
would have made the work more complete to have included, 
these groups ; but this will hardly affect cultivators, with 
whom the Hypoxids are rarely found favourites on ac- 
count of their comparatively insignificant dowers and 
general similarity, while the Vellozias, though they would 
be welcome additions to our stoves on account of their 
beautiful dowers, yet baffle our gardeners 011 account of 
their bulkiness and slow grow'th. 

In the Agaveae it will be noticed that of many species 
(in fact, nearly one-tliird) only the foliage is known. For 
garden purposes perhaps the form and number of the 
leaves may be sufficient, at least for identification ; but it 
cannot be considered satisfactory 10 publish as new 
species, and endow with scientific names, plants of which 
the inflorescence is unknown. The author, however, has 
but done his duty in incorporating these species into his 
work. 

One may hope that the publication of this compendium 
will stimulate our amateur gardeners to turn their atten- 
tion more carefully to this comparatively neglected group. 
Already for some time signs have not been wanting to 
show that they are rising into favour again to some 
extent. The Narcissi, Hippeastrums, and Crinums are 
undergoing elaborate cultivation and hybridization by the 
best of our gardeners with the highest success, and if this 
hand-book contributes to the study of this group it will 
have done its work. H. N. R. 


BOO/C SNBLF. 

Another World j or^ The Fourth Dimension, By A. T. 

Schofield, M.D. (London ; Swan Sonnenschein, 1888.) 
This work consists of seven chapters. The first four— the 
land of no dimensions, the land of one dimensioti, the 
land of two dimensions, and the land of three dimensions 
—consist of large extracts from “ P'latland,^^ with a run- 
ning commentary upon them, bringing out their salient 
facts. Indeed, had not “ Flatland ” been published, the 
author admits his own book would not have been written. 
In, Chapter V., the land of four dimensions is mathe- 
matically considered, and here we have stated, from 
analogy, the ^lations of a being in one dimension with 
that atkive him and its inhabitants, e.g, one in the third 
dimension (our world) with the fourth ; and in Chapter VI. 
the land of four dimensions is considered in relation to 
ours of three. Chapter VII. considers generally the land 
of four dimensions, with facts and analogies. The fourth 
dimension is not discussed on the lines of Mr. Hinton’s 
“ What is the Fourth Dimension but after the mathe- 
matical side of the question has been considered, our 
author '‘further considers the actual facts around us 
b^ng on the question, and compares the deduced laws 
of thb fourth dimension with some of the claims of 
ChtiiHatiHy as stated in the Bible,” Here we must close 
our honeO-^as we cannot go into an examination of these 


topics in our columns— with saying that there is much of 
interest in the pages before us, and for some readers the 
speculations of the later chapters may have as much 
interest as the mathematical certainties of the earlier 
chapters have for others. 

Euclid s Method y or the Proper Way to Treat on 
Geometry, By A, H. Blunt. (Shepshed : Freeman, 
1888.) 

This booklet consists of an introduction (pp. 3-10), and 
the method of treating on geometry (pp. 10-23). We let 
the writer speak for himself : — “ In this small work I have 
attempted to show the proper way to treat on geometry, 
and which I conceive was the method of Euclid ; for it 
will be seen that the results are right from the way in 
which they are arrived at, and that they agree with 
Euclid’s resiults. It is certain, I think none will deny, 
that when Euclid composed his‘ Geometry,’ he did every- 
thing in it under the guidance of reason and knowledge 
of what the true method consists in ; but since he has not 
expressed or shown those reasons (and it would not have 
been proper, nor would it have been necessary to have 
done so in his * Geometry ’),they therefore appear to have 
been known but very little to anyone else since his time, 
as is evident from the expressions and unjust fault- 
finding made against him in the writings of modern 
geometers, which greatly betray their own ignorance of 
the true method. So long as the true method remains 
unknown, it is not to be wondered at that men should 
busy themselves in finding faults with Euclid, his work 
being so complete and perfect as to leave them but little 
else to do. Not that 1 would be understood to mean 
j that his works ought to be accepted in blind submission 
as everything perfect, or that no faults, if there are any 
in it, ought to be pointed out ” ; and so on. Ex ped4 
Henulem I The author’s remarks are made sincerely, 
and for a certain order of mind his explanations are likely 
to clear up many points in the Definitions. It is to these 
only that he confines his attention in pp. iO''23, and he 
gives good reasons why Euclid should have taken them 
in the order he has taken them. This was his object ; 
write, then, Q.E.D., and Vivat Euclides ! 

On the Distribution of Rain over the British Isles during 
the year 1887. Compiled by (L J. Symons, F.R.S. 
(London : Edward Stanford, 1888.) 

Mk. SvMUNS’s “ British Rainfall ” is so well known that 
we need only say of the present issue that it is in na 
respect inferior to the preceding volumes of the series. 
The marked characteristic of 1887 was the prevalence of 
droughts. According to Mr. Symons, the year has had 
no equal for widespread deficiency of rainfall since 1788. 
Naturally, therefore, much space is devoted in this volume 
to the subject of droughts ; and in one cliapter — on 
-I “ Historic Droughts ” — he has brought together, from a 
variety of sources, a large amount of information that 
ought to be as interesting to historians as to meteorologists. 
In the preface Mr. Symons calls special attention to 
important additions which have been made to our know- 
ledge of the rainfall of the Lake District. These have 
resulted from a grant of £42 ^s, made by the Royal 
Society from its own funds in 1 886. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responsible for opinions 
expressed by his correspondents, Reither cam he under- 
teute tv return, or to correspond with the xoriters of, 
rejected moHuscripts intended for this or any other part 
or NaTUKS. No notice is taken of anonymous communi^ 
cations.] 

Tbe *'Taitt«ron*’ of the Philippine Islands. 

A t.BtTER, which I have just received from our Corresponding 
MemSer, the energetic traveller and naturalist, Prof, J. B. Steere, 
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of Abu Arbor, Michigan, U.S.A., announces that he has made 
a remarkable zoological discovery in the Philippine Islands. In, 
the interior of the little-known Inland of Mindoro he has pro- 
cured specimens of a strange animal, which, although much 
talked of in the Phili])plnes, is little, if nt all, known elsewhere. 
This is the Tarnaron of the natives, a wild species of the family 
Bovtdee, allied to ^he Anoa of Celebes, which Prof. Steere 
proposes to call Anoa Its general colour is black, 

the hairs being short and rnther fine. A greyish white stripe 
runs from near the inner comer of the eye towards the base of 
the horn, There is also a greyisli white spot above the hoof on 
aU the feet, and a greyish white patch on the inside of the lower 
fore-leg. The height of the male nt the shoulder is about 3 
feet 6 inches, the length from the nose to the base of the tail 
about 6 feet 8 inches. The horns are about 14 inches long. 
Prof. Steere obtained two males and one female of this animal, 
of which his full description will be read at the 6rst meeting of 
the next session of the Zoological Society. The discovery is of 
much interest, as giving an additional instance of the similarity 
between the faunas of Celebes and the Philippines, which was 
already evident from other well-known cases of parallelism 
between the natural products of these two countries. 

P. L. SCLATKR. 

Punctionlest Organa. 

Ik reference to the Duke of ArgylPs letter, I should wish to 
say that I am not aware of any reason for regarding the electric 
ovg'an of any Skate as a ** prophetic structure/’ using that term 
in the sense given to it by the Duke. And I should be very 
glad if he, instead of confining himself to a simple assertion 
that it is so, would explain the reasons which lead him to re- 
gard it as being so. It might then be possible to combat those 
reasons; 

Further, I think it U only right to say that my own 
observation of the progress of the doctrine of evolution during 
the last quarter of a century leads me to a conclusion dia- 
metrically oppased to the Duke’s in regard to the balance of 
evidence in favour of, or opposed to, the doctrine of creative 
design in variations on the oue hand, and that of the non- 
significance of variations on the other hand. 

I do not hesitate to say that what may be called “pure*^ 
Darwinism— the doctrine of the origin of species by the natural 
selection in the struggle for existence of non-significant con- 
genital variations — is everywhere being more com)jletely demon- 
strated by reasoning and observation as the single and sufficient 
theory of (hat origin ; to the exclusion of Lamarckism, and 
still more certainly to the exclusion of any vestige of the 
doctrine of design. E, Kav LanK£ST£K. 

45 Grove End Road, N.W., August 4. 

With a certain class of thinkers, when endeavouring to dis- 
parage the labours of Charles Darwin, no argument appear? 
absurd. Docs the Duke of Argyll, in his letter which appeared 
in your la-it issue (p, 341), mean to imply by his "prophetic 
g^rms ” that such case.s as the mammae in the male indicate a 
time when he will be able to lake part with the female in suck- 
ling the young, and ihat the coccyx is prophetic of a tail to the 
human family, or that a time is approaching when the rudiment- 
ary covering of hair on the human body will develop into a 
warm coat similar to that of the bear or the beaver ? For myself, 

1 fail to see how a " functionlcis organ ’’ can build up. 

Perhaps the Duke of Argyll will explain. T. T. Hurst. 

Raymond Villa, Geraldine Road, Wandswortn, S.W., 

August II. 


Dr. Remanea’s Article in the "Contemporary Review.** 

Absenck, from England has hitherto prevented me from seeing 
Mr. Poulton’s letur m yuurissue of July 26 (p. 295). iiavingjust 
read it, 1 am not n little surprised that he should have deemed it 
necessary to refer me to the titles of two of the .most notorious 
essays in the recent literature of Darwinism, Nor can I fail to 
wonder that, without a particle of evidence, he should accuse 
any man of "not making himself acquainted with views which 
he profewes to expreHS.” 

If I could think it worth while to discuss a somewhat lengthy 
matter with a cri ic of this kind, it would be easy enough to 
justify the incidental remark in my paper to which he has drawn 
attention. Rut my only object in noticing his criticism is to 




observe that, if its tone is due to his supposing that I hm t^ot 
sufficiently appreciated the importance of his own experiments in 
this connection, he ia entirely mistaken. For, althxmgh 1 do not 
agree with his theoretical interpretation of them, it nos always 
appeared tome tbat the experiments themselves aie^among the 
must valuable which have hitherto been made ire^rding the 
causes of variation. But it has also apj^eared to me that my 
appreciation of their importance in this resi^ect depends 
what he calls "the Lamarckian conception,*' t.r. a conception 
which he exprcisly repudiates. Were it not for the attitude of 
theory which he thus adopts, of course T should not have alluded 
to him as a naturalist who concerns himself less with the causes 
of variation than the other (or I .nmarckian) writers whom I had 
occasion to name. But, as the matter stands, I have metrely 
(brcstalled the expression of his opinion as stated by himself 
where he says in his letter to you, " I agree with Dr. Romanes 
in the belief that my work does not throw any light upon the 
causes of variation.*^ 

My paper was concerned only with the opinions of others, and 
I nowhere expressed the "belief” thus attributed to me. In 
point of fact, "the Lamarckian conception ” enables me to hope 
that work of the kind on which Mr. Poulton is engaged is more 
calculated than any other to throw light upon the problem in 
question ; and it seems to me a curious corroboration of the 
remark to which he objects that, on account of his loyalty to the 
school of Weismann, he is obliged to regard his own experiments 
as destitute of significance in this respect. 

August 9. George J. Romanes. 


Taxation in China. 

Nature (voI. xxxvii. p. 269), in its review of M. Simon’s 
"China: its Social, Political, and Religious Life/’ represents 
on that author's authority that in China "taxation i.s very light — 
not onc-hundrcdih part of what it is in France,” a statement so 
misleading to ]ni))licists, so illusive to economic science, that I 
take upon myself the task of exposing its fallacy, both as regards 
direct and indirect taxation. 

Taking for illustration the amount of taxation at Ningpo (M. 
Stmon was the efficient Consul of his country at that port, ^here 
he won golden opinions of foreigners generally, and natives as 
well), it will be seen that he has been led into egregious errors 
by incompetent interpreters. 

M. Simon s.ays that "five francs i>er hectare is the utmost that 
is paid for the best land.” 

From municipal archives I tabulate the following relative to 
the three qualities of rice land 


Quality of Land. 

ReUtivQ 

'taxation 

Taxation 

Taxation 

QuAtitity. 

per Moil. 

per hectare. 

per acre. 

1st ... . 

.. 60% 

.. $ 0.35 

. $5 *5 •• 

. |2. to 

2nd .. . 

.. 25 

0.28 .. 

4.20 ... 

1.68 

3rd .. . 

.. IS 

0.25 .. 

3^75 - 

1.50 

Average 

.. 100 

0.29^ 

4.40 

1.76 


Six mou = one acre. Fifteen mou =r one hectare. 

Hill land, $0. 1 3 per mou. From the second quality only one 
crop is obtained. 

Instead, therefore, of the hest being five francs per hfctare^ 
it is (according to present rate of exchange) about 21 francs/ and 
for the average about 17 francs per hectare. 

With regard to indirect taxation, that author affirms that the 
Chinaman has no excise duties to pay. So far from that being 
the case, his octrois (tikin) contribute far more to the State 
demands than the levies on his land ; but from lack of trustworthy 
data, that is altogether an incomputable quantity. 

Nevertheless, with such levies, and the salt gabel ond so forth, 
it may be shown tbat the Chinese are not overburdened with 
taxation ; albeit to imagine that their taxation is " not one- 
hundredth part of what it is in France " is sheer economic 
nalludnation. D. J. Macoowak. 

Wenchan, June. 


.Partial BcUpae of August 7. 

The above eclipse was observed at Cambridge, and the ibM 
of contact were estimated as follows : — 

h. m. A. 

First contact ... 6 44 50 G.M.T. 

Last contact ... 7 7 ao „ . , 

At the time of greatest eclipse, 6h. 56m,, a photogya^ eras 
taken which on being tneam^ gives a magnitude of 
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oxxffkt bat tbii only a rough approximation. The co-ordinates 
of the ObaOrvatory are — 

a8'6s. E. 

5** 12' 10" N. 

A. C. Crommelin. 

Trinity CoHege, Cambridge, August lo. 

Maecletfteld Obaervationa. 

Many years ago, in studying Rigaud's “Bradley," I was 
impressed by several references to extensive series of obser\*a- 
tions with transit and quadrant made at the observatory of 
Shirboum Castle, some of which Bradley evidently thought 
worthy of comparison with his own inaccuracy. It has often 
occitrred to me that these observation*, if the records still exist, 
may well he worthy of as thorough a reduction as has been 
given to those of other early astronomers. Perhaps some of 
your readers can telt us something about these records of 
1739-89. Cleveland Abbe. 

Washington, July 30. 

A Lunar Rainbow. 

Wet Mountain Valley in Colorado is situated some 8000 
feet above the sea, and is surrounded by mountains, the Sanp^e 
de Cristo Range, on the western side, rising to some 14,000 feet 
in its highest peaks. For the last few days we have had a 
succession of thunderstorms — dark clouds pouring forth abundant 
rain — which have mostly swept along the range, leaving the 
valley clear, and often in sunshine. Lost night, at 9 p.m., there 
passed just such a storm, while the full moon shone brightly from 
the east, where it had Just risen. The result was a lunar rainbow 
— part only of the arc, a distinct band of light, in which the 
several colours were hardly to be observed. The phenomenon, 
which was new to me and must surely be rare, lasted only about 
a quarter of an hour, when the storm passed on. 1 

West Cliff, Colorado, July 25. T. D. A. Cockerell. | 


T. D. A. Cockerell. 


GLOBULAR STAR CLUSTERS. 

'PHYSICAL aggregations of stars may be broadly 
^ divided into ** globular” and ‘‘irregular” clusters. 
Although^ as might have been expected, the line of 
demarcation between the two classes is by no means 
sharply drawn, each has its own marked peculiarities. 
We shall limit our attention, in the present article, to the 
first kind. 

The particles of a drop of water are not in more 
obvious mutual dependence than the components of these 
objects — “ the most magnificent,” in the elder HerschePs 
opinion, “ that can be seen in the heavens.” Were there 
only one such collection in the universe, the probability of 
its separate organization might be reckoned “ infinitely 
infinite”; and no less than one hundred and eleven 
globular clusters were enumerated by Sir John Herschcl 
in 1864. It does not, however, follow that the systems 
thus constituted arc of a permanent or stable character ; 
the configuration of most of them, in fact, points to an 
opposite conclusion. 

There may, of course, be an indefinite number of 
arrangements by which the dynamical equilibrium of 
a ball of stars ” could be secured ; there is only one 
which the present resources of analysis enable usT dis- 
tinctly to conceive. This was adverted to, many years 
since, by Sir John Herschel. Equal revolving masses, 
uniformly distributed throughout a spherical space, 
would, he showed, be acted upon by a force varying 
dir^Uy as the distance from the centre. The ellipses 
described under its influence woi^d then all have an 
identiesl period ; whatever their eccentricities, in what- 
ever pUnes they lay, in whatever direction they were 
traveiied, each tvould remain invariable ; and the 
harmdoy of a system, in which no perturbations could 
possibly arise, should remain unbroken for ever ; pro- 
vide only that the site of the circulating bodies, and the 
^ge of their immediate and intense attractions, were 


insignificant compared with the spatial intervals separ* 
ating them (“ Outlines of Astronomy,” 9th ed., p. 636). 

But this state of nice adjustment is a mere theoretical 
possibility. There is no sign that it has an actual existence 
in Nature. The stipulations, upon compliance with which 
its realization strictly depends, are certainly disregarded 
in all stellar groups with which we have any close acquaint- 
ance. The components of these are neither equal, nor 
equally distributed. Central compression, more marked 
than that due simply to the growth in depth inward of 
the star strata penetrated by the line of sight, is the rule 
in globular clusters. The beautiful white and rose-tinted 
one in Toucan shows three distinct stages of condensa- 
tion ; real crowding intensifies the ‘‘ blaze ” in the 
middle of the superb group between rj and C Herculis ; 
in other cases, the presence of what might be called a 
nuclear mass of stars is apparent. Here, then, the “law 
of inverse squares” must enter into competition with the 
“direct” law of attraction, producing results of extra- 
ordinary intricacy, and giving rise to problems in celestial 
mechanics with which no calculus yet invented can 
pretend to grapple. 

Sir John Herschel allowed the extreme difficulty of even 
imagining the “ conditions of conservation of such a system 
as that of w Centauri or 47 Toucani,&c., without admitting 
repulsive forces on the one hand, or an interposed medium 
on the other, to keep the stars asunder” (“ Cape Obser- 
vations,” p. 139). The establishment, however, in such 
aggregations of a “ statical equilibrium,” by means of this 
“ interposed medium,” is assuredly chimerical. The 
hypothesis of their rotation en bloc is countenanced by no 
circumstance connected with them. It is decisively 
negatived by their irregularities of figure. These objects 
arc far from possessing the sharp contours of bodies 
whirling round an axis. Their streaming edges betray a 
totally different mode of organization. 

Globular clusters commonly present a radiated appear- 
ance in their exterior parts. They seem to throw abroad 
feelers into space. Medusa-like, they are covered with 
tentacular appendages. The great cluster in Hercules 
is not singular in the display of “hairy-looking, curvi- 
linear” branches. That in Canes Venatici (M 3) has 
“rays running out on every side” from a central blaze, in 
which “ several small dark holes ” were disclosed by Lord 
Rosse’s powerful reflectors (Trans. Roy. Dublin Society, 
vol ii. p. 132, 1880) ; showing pretty plainly that the 
spiral tendency, visible in the outer regions, penetrates in 
reality to the very heart of the system. From a well- 
known cluster in Aquarius (M 3), “streams of stars 
branch out, taking the direction of tangents ” (Lord Rosse, 
hc\ cit. p. 162). That in Ophiuchus (M 12) has stragglers 
in long lines and branches, noticed by the late Lord 
Rosse to possess a “ slightly spiral arrangement ” 
Herschel and liaiiy descried a remarkable group in 
Coma Berenices (M 53) as “a fine compVessed cluster 
with curved appendages like the short claws of a crab 
running out from the main body ” (Phil. Trans., vol. cxxiii. 
p. 458}. 

We find it difficult to conceive the existence of “ streams 
of stars ” that are not flowing; and accordingly the per- 
sistent radial alignment of the components of clusters 
inevitably suggests the advance of change, whether in the 
direction of concentration or of diffusion. Either the tide 
of movement is setting inward, and the “ clustering power” 
(to use Sir Wniiiim Herschers phrase) is still exerting 
itself to collect stars from surrounding space ; or else a 
centrifugal impulse predominates, by which full-grown 
orbs are driven from the nursery of suns in which they 
were reared, to seek their separate fortunes, and lead an 
independent existence elsewhere. It would be a childish 
waste of time to attempt at present to arrive at any 
definite conclusion on so recondite a point; but if the 
appeal to “ final causes” be in" any degree admissible, it 
may be pointed out that mere blank destruction and the 
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eventual collapse of the system would seem to be involved 
in the first supposition, while the second implies the 
progressive execution of majestic and profound designs. 

After the lapse of some centuries, photographic mea- 
surenients will perhaps help towards a decision as to 
whether separatist or a^gregationist tendencies prevail in 
clusters. Allowance will, however, have to be made, in 
estimating their results, for the possible movements of 
recession or approach of the entire group relatively to the 
solar system, by which perspective effects of closing up or 
of opening out would respectively be produced. 

Inequalities of brightness, to the extent of three or four 
magnitudes, are usually perceptible among the lustrous 
particles constituting these assemblages. Nor are their 
gradations devoid of regularity and significance. Gener- 
ally, if not invariably, the smaller stars are gathered 
together in the middle, while the bright ones surround and 
overlay them on every side. Thus, the central portion of 
the magnificent Sagittarius cluster (M 22) accumulates the 
light of multitudes of excessively minute stars, and is 
freely sprinkled over with larger stars. The effect, which 
probably corresponds with the actual fact, is as, if a globe 
of fifteenth magnitude were inclosed in a shell of 
eleventh magnitude stars, some of ihe.se being naturally 
projected upon the central aggregation. Sir John Herschel 
remarked of a cluster in the southern constellation of the 
Altar (“ Gen. Cat.”.^67) : ** The stars are of two magnitudes ; 
Ute larger run out in lines like crooked radii, the smaller 
are massed together in and around the middle ” (“ Cape 
Observations,” p. 1 19). A similar structure was noted 
by Webb in clusters in Canes Venatici (M 3), in Libra 
(M 5), and in Coma Berenices (M 53) (“ 'I'he Student, ’Wol. 
i. p. 460). Here, again, we seem to catch a glimpse, from 
a different point of view, of a law connecting growth in 
mass and light with increase of tangential velocity — con- 
sequently, with retreat from the centre of attraction ; and 
the assumption of an outward drift of completed suns 
gains some degree of plausibility. 

Irregularities of distribution in clusters take a form, in 
some instances, so enigmatical as to excite mere unspecu- 
lative wonder. At Parsonstown, in 1^*50, three “dark 
lanes,” meeting at a point considerably removed from the 
centre, were perceived to interrupt the brilliancy of the 
stellar assemblage in Hercules. They were afterwards 
recognized by Buff ham and Webb, and arc unmistakable 
in one (at least) of Mr. Roberts’s recent photographs of 
that grand object. The clusters in Ophiuchus, in Canes 
Venatici, and in Pegasus (“ G. C." 4670) are similarly tun- 
nelled. Preconceived ideas as to the mechanism of 
celestial systems are utterly confounded by appearances 
not easily reconcilable, so far as we can see, with the 
prosecution of any orderly scheme of circulatory move- 
ment. Even if absolutely vacant, the extensive clearings 
indicated by the phenomenon of dusky rifts, must of 
course, in globular clusters, be partially obliteratad by the 
interposed light of the surrounding star-layers. They can 
hence become perceptible only when their development is 
most fully pronounced ; and, in a le.ss marked shape, may 
exist in many clusters in which they defy detection. 

The apparent diameter of the cluster in Hercules, in- 
cluding most of its branches, is 8' ; that of its truly 
spherical portion may be put at 3'. But since the sine of 
an angle of 5' is to radius about as i : 687, it follows that 
the real diameter of this globe of stars is 1/687 of 
tance from the earth. Assuming this distance to be such 
as would correspond to a parallax of 1/20 of a second, W'C 
find that the more compact part of the cluster measures 
558poo,ooa,ooo miles across. Light occupies about tbir^- 
six days in traversing it. The average brightness of its 
components may be estimated at the twelfth magnitude ; 
for, although the outlying stars are of the tenth and 
eleventh ranks, the central ones are, there is reason to 
believe, much fainter. The sum total of their light, if 
concentrated into one stellar point, would at any rate vefy 


little (if at all) exceed that of a third magnitude star. ^AikI 
one third magnitude star is equivalent to Just 4000 star* 
of the twelfth magnitude. Hence we amvc at the con- 
clusion that the ^tars in the Hercules cluster num^r about 
4000 ; and that Sir William Herschel, in estimating them 
at 14,000, erred considerably on the side of excess. 

If, then, 4000 stars be supposed uniformly distributed 
through a sphere 558,000,000,000 miles in diameter, an 
interval of 28,365,000,000 miles, or more than ten times 
the distance from Neptune to the sun, separates each from 
its nearest neighbour.^ Under these circumstances, each 
must shine with about one thousand times the lustre that 
Sirius displays to us. Since, however, five millions of 
stars even of this amazing brilliancy would be needed to 
supply the light we receive from the sun, the general 
illumination of the cluster can only amount to a soft 
twilight, excluding, it is true, the possibility of real night 
on any globe situated near its centre. 

At the distance ronjecturally assigned to this cluster, 
our sun would appear as a seven and a half magnitude 
star ; it would shine, that is to say, about sixty-three times 
as brightly as an average one of the grouped objects. 
Each of these, accordingly, emits 1/63 of the solar light ; 
and if of the same luminosity, relative to mass, as the sun, 
it exercises just 1/500 of the solar attractive power. The 
mass of the entire system of 4000 such bodies is tl^us 
equal to that of eight suns. This, however, may be re- 
garded as a minimum estimate. The probabilities are in 
favour of the cluster being vastly more remote than we 
have here assumed it to be ; hence proportionately 
more massive, and composed of brighter individual bodies 
than results from our calculation. Differences of distance 
are alone adequate to account for the variety of texture 
observable in globular clusters. That in Aquarius, for 
instance, compared by Sir John Herschel to “a heap of 
golden sand,” might very well be the somewhat coarse- 
grained Hercules group withdrawn as far again into 
space. At a still further stage of remoteness, the appear- 
ance would presumably be reached of a stellar throng in 
the Dolphin (“ G. C.” 4585), which, with low powers, might 
pass for a planetary nebula, but under stronger optical 
compulsion assumes the granulated aspect of a true cluster. 
And many such, their genuine nature rendered impene- 
trable by excessive distance, are doubtless reduced to the 
featureless semblance of “ irresolvable ” nebulae. 

But there are real as well as apparent diversities in 
these objects. Although smaller and more compressed 
clusters must, on the whole, be more remote than large, 
looser ones, yet “ this argument,” Sir William Herschel 
remarked, “ does not extend so far as to exclude a real 
difference which there may be in different clusters, not 
only in the size, but also in the number and arrangement 
of the stars.” There may be globular clusters with com-' 
ponents of the actual magnitude of Siriutt ; others, 
optically indistinguishable from them, may be aggregated 
out of self-luminous bodies no larger than Mar*, or evetl/ 
than Ceres, or Pallas. There is, indeed, a strong likdi*' 
hood that clusters and nebulse form an unbroken seiies — 
that swarms of meteorites are connected by sw^ intent’ 
ininable gradations with swarms of sunsj as to admit of mo. 
impassable barrier being set up between them.? Tble 
rifted structure, for instance, and truncated apectrum of 
the Hercules duster bring it into unmistakable relatioof ; 
with the great nebula in Andromeda; yet it is scarcely 
doubtful that the one object is an^aasemblige 6f/orb§' 
each of them, quite possibly, the rival of our sun in 
and the other, a collection of what we can only deaorihft a* > 
' cosmical shreds and particles. F urther analogiesiemenge ^ 
to view through the reproduction in many nebulas of we* 

hairy” appendages of globular dusters, and* in the 
'spirality of arrangement characteristic of bbtb omsAe*' 

* £«e J. £. Gore*)i BiniiUr cBlcuhtion, bflUM 4 , fwwtver, 
from thOM above, in Journal bWerpooi A*tr. Soc. VoL v, f. 1*9. ' , 

f "See Mr. Looky«r*t “ UtUMrkin Lecture, p. Sf. * 
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of object. These atrange and, at present, unaccountable 
resemblances will probably be developed and possibly be 
interpreted by future investigations. 

A. M. CLKRK.fc:. 


TIMBER, AND SOME OF ITS DISEASES.^ 
XI. 

I T may possibly be objected that the subject of the pre- 
sent paper cannot properly be brought under the title 
of these articles, since the disease to be discussed is not a 
disease of timber in esse but pnly of timber in posse; 
nevertheless, while acknowledging the validity of the 
objection, I submit that in view of the fact that the malady 
to be described effects such important damage to the 
young plants of several of our timber-trees, and that it is 
a type of a somewhat large class of diseases, the slight 
impropriety in the wording of the general title may be 
overlooked. 

It has long been known to forest nursery-men that, when 
the seedling beeches first appear above the ground, large 
numbers of them die off in a peculiar manner— they are 
frequently said to “ damp off’’ or to “ rot ofT” A large class 
of diseases of this kind is only to^ familiar, in its effects, 
to cultivators in all parts of the world. Every gardener, 
probably, knows how crowded seedlings suffer, especially 
if kept a trifle too damp or too shaded, and 1 have a dis- 
tinct recollection of the havoc caused by the “damping 
off” of young and valuable Cinchona seedlings in Ceylon. 

In the vast majority of the cases examined, the “ damp- 
ing off” of seedlings is due to the ravages of fungi 
belonging to several genera of the same family as the one 
{Phytophfhom tPt/estans) which causes the dreaded potato 
disease — le, to the family of the Peronosporca* — and since 
the particular species {Phytophihora omnivord) which 
causes the wholesale destruction of the seedlings of the 
beech is widely distributed, and brings disaster to many 
other plants ; and since, moreover, it has been thoroughly 
examined by various observers, including Oc Bary, Hartig, 
Cohn, and others, I propose to describe it as a type of the 
similar forms scattered all over the world. 

It should be premised that, when speaking of this disease, 
it is not intended to include those cases of literal damping 
off caused by stagnant water in ill-drained seed-beds, or 
those cases where insufficient light causes the long-drawn, 
pale seedlings to periih from want of those nutrient sub- 
stances which it can only obtain, after a certain stage of 
germination, by means of the normal activity of its own 
green cotyledons or leaves, properly exposed to light, air, 
See. At the same time, it is not to be forgotten that, as 
lOfiditions which favour the spread of the dhease to be 
described^ the abdve factors and others of equal moment 
have to be taken into account ; which is indeed merely 
part of a more general statement, viz. that, to understand 
the cause and progress of a disease, we must learn all we 
can about the conditions to which the organisms arc ex- 
posed, as well as the structure, &c., of the organisms 
themselves. 

First, a few words as to the general symptoms of the , 
disease in question. In the seed-beds, it is often first 
noticeable in that patches of seedlings here and there 
begin to fall over, as if they had been bitten or cut where 
the young stem and root join, at the surface of the ground : 
on pulling up one of the injured seedlings, the “ collar,” or 
region common to stem and root, will be found to be 
blackened, arid either rotten or shrivelled, according to site 
dampness or dryne&s of the surface of the soil. Some- 
times the whole of the young root will be rotting off before 
the first true leaves have emerged from between the coty- 
ledons ; in other cases, the ‘^collar only is rotten, or 
shrivelled, and the weight of the parts above ground 

' < ' ' ‘ from p.. , 


causes them to fall prostrate on the surface of the soil ; in 
yet others, the lower parts of the stem of the older seed- 
ling may be blackened, and dark flecks appear on the 
cotyledons and young leaves, which may also be turning 
brown and shrivelling up (Fig. 36). 

If the weather is moist — e,^. during a rainy May or 
June— the disease may be observed spreading rapidly from 
a given centre or centres, in ever-widening circles. It ha? 
also been noticed that if a moving body passes across a 
diseased patch into the neighbouring healthy seedlings, 
the disease in a few hours is observed spreading m its 
track. It has also been found that if seeds are again 
sown in the following season in a seecf-bed which had pre- 
viously contained many of the above diseased seedlings, 
the new seedlings will inevitably be killed by this “damp- 
ing off.” As we shall see shortly, this is because the rest- 
ing spores of the fungus remain dormant in the soil after 
the death of the seedlings. 





Fit.. 3 '».— A young berch'SeedlinK attacked by Pkyt^^^hihoi*x oinmvofa i tbc 
moribund UH^iK'S in tbe brown and black patclieH on t^ie young stem. 
cotylQ4nn>, and leaves, ar^ a prey to the fungus, ilu myccliuiu of which 
is atireadina from the diffireht oahlrcj. The hori/outal line denote* the 
curface of the ^tl. 

In Other words, the disease is infectious, and spreads 
centrifugally from one diseased seedling lo another, or 
from one crop to another ; if the weather is moist and 
warm— “ muggy,** as it is often termed - such as often 
occurs in the cloUdy days of a wet May or June, the spread 
of the disease may be so rapid that every plant in the 
bed is infected in the course of two or three days, and the 
whole sowing reduced to a putrid mass ; in drier seasons 
and soils, the spread of the infection may be slower, and 
only a patch here and there die off, the diseased parts 
shrivelling up father than rotting. 

If a diseased beech seedling is lifted, and thin sections 
of the injured spots placed under the microscope, it will 
be found that numerous slender colourless fungus- filaments 
are running between the cells, of the tissues, branching 
and twistHig in all directions. Each of these fungus-fila- 
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ments is termed a bvpha, and it consists of a sort of fine 
cylindrical pipe wit a very thin membranous walls^ and 
filled with watery protoplasm. These hyphas possess the 
power of boring their way in and between the ccli-walls 
of the young beech seedling, and of absorbing from the 
latter certain of the contents of the cells. This is accom- 
plished by the Ijyphic putting forth a number of minute 
organs like suckers into the cells of the seedling, and these 
suckers take up substances from the latter ; this exhaustion 

g rocess leads to the death of the cells, and it is easy to see 
ow the destruction of the seedling results when thousands 
of these hyphfc are at work. 

At the outer parts of the diseased spots on the 
cotyledons or leaves of the seedling, the above-named 
hyphae are seen to pass to the epidermis, and make 
their way to the exterior : this they do either by passing 
out through the openings of the stomata, or by simply 
boring through the cell-walls (Fig. 37). This process of 
boring through the cell-walls is due to the action of a solvent 
substance excreted by the growing tip of the hypha ; the 



Fic. 37 —Portion of a cotyledon of the beech, infected with Phytoji^tkiira 
omnivora : the piece m •^'own partly in vertical section. The myce- 
lium, spreading between the cells, puts forth aiirial hyphae. which bore 
between the cells of the cpidermii, A and rf, or emerge from the stomata, 
d, and f »rm conliia nt their apicee : the variou*! «rage*i of development 
are shown. On other hyphas, l>etween the cells of the intaridr, the 
oosp;)res are formed in oogjnia, t and /, (Highly magmAed.) 

protoplasm secretes a ferment, which passes out, and 
enables the tip to corrode or dissolve away the substance 
of the cell- walls. It is also characteristic of these hyph£e 
that they make their way in the substance of the cell-walls, 
in what is known as the ** middle lamella^' : in this* and 
in what follows, they present many points of resemblance 
to the potato-disease fungus, which is closely allied to 
Phytopm ora omnivora. 

The hyphie which project from the epidermis into the 
damp air proceed to develop certain spores, known as 
the conid^a^ which are capable of at once germinating 
and spreading the disease. These conidia ate essentially 
nothing but the swollen ends of branches of these free 
hvpbse : the ends swell up and large (quantities of fmoto* 
plasm pass into them, and when they have attained a 
certain siie, the pear-shaped bodies fall olT, or are blown 
or knocked off. 

Now the points to be emphasised here are, not «o 
much the detarU of the spore*formation, a3 the facts thiit 


; (i) many thousands, of these spores may be form^ in 
the course of a day or two in warm, damp weather and 
(3) any spore which is carried by wind, ram, or a passing 
object to a healthy seedling may infect it (in the way to 
be described) within a few hours, because the spore is 
capable of beginning to germinate at once in a drop of 
rain or dew. A little reflection will show that this explains 
how it is that the disease is spread in patches from centres, 
and also why the spread is so rapid in close, damp 
weather. 

When a conidium germinates in a drop of dew for 
instance, the normal process is as follows. The proto- 
plasm in the interior of the pear-shaped conidium becomes 
divided up into about twenty or thirty little rounded 
naked masses, each of which is capable of very rapid 
swimming movements ; then the apex of the conidium 
bursts, and lets these minute motile zoospores, as they are 
called, escape (Fig. 38, n). 

Each zoospore then swims about for from half an hour 
to several hours in the film of water on the surface of the 
epidermis, and at length comes to rest somewhere. Let 
us suppose this to be on a cotyledon, or on the stem or 
root. In a short time, perhaps half an hour, the little 



F/o. 38 — PoriMix of epidermic of a bcfch.secdluig, on which rhe coaidla of 
the Pkytophthfira have fallen and bunt, a and d. emitting the motile 
zoj»pjre4. which » lon come to rent and germinate, c, by puning 
forth a minute germinal hypha, r. r, which penetrates between the celM 
of the epidermiH, e and /, and forme the mycehum In the tiuues be- 
neath. At a iioepore ba« germinated, without escaping ftcMn the 
conidium. (Highly magn.fied : partly after De Bary and nartlg.] 

zoospore begins to grow out at one point — or even at more 
than one— and the protuberance wmch grows out simply 
bores its way directly through the cell- wall Of the seedily, 
and forms a cylindrical hypha inside (Fig. 38, 
this hypha then branches, and soon proceeds to destroy 
the cells and tissues of this seedling. The whole process 
of germination, and the entrance of the fungus into the 
tissues, up to the time when it in its turn puts out spore- 
bearing hyphao again, only occupies about four days during 
the moist warm weather in May, June, and early In July, 
We are now in a position to make a few remarks Which 
will enable practical people to draw helpful conclusions 
from what has been stated. Let us suppose a seed-bed 
several feet long and about three feet wide, and contafoing 
some thousands of young beech seedlings : then suppoiie 
—by any iheans whatever— that a single cbmdiufo of 
PkyUphihora omt^ora is carried on to a ootyl^on ^ 
one qH the seedlings. Let us further assume that ihi$ 
occurs one warm evening in May t>r June. Ountw 
night, as the air cools, the cotyledon will be c^vereawith 
a llin or drops of water, and the conidium will gmrminat!e!i 
,ah4 taihw, say, ibirty zoospores , to escape. the 
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average of a conidium is about 1/400 of an inch long 
by about 1/700 of an inch broad, and we may take 
the zoospore as about l/iooo of an inch in diameter ; thus 
it is easy to see that the dim of moisture on the cotyledon 
is to a zoospore like a large pond or lake to a minnow, 
and the tiny zoospores, after hitting about in all direc- 
tions, come to rest at so many distant points on the 
cotyledon — or some of them may have travelled abroad 
along the moist stem, or along a contiguous leaf, &c. 
Before daylight, each of these thirty zoospores may have 
put forth a dlament which bores between the cells of the 
cotyledon, and begins to grow and branch in the tissues, 
destroying those cell-contents which it docs not directly 
absorb, and so producing the discoloured disease-patches 
referred to. Supposing the weather to remain damp and 
warm, some of the hyphiae may begin to emerge again 
from the diseased and dying seedling on the fourth day 
after infection — or at any rate within the week — and this 
may go on hour after hour and day after day for several 
weeks, each hypha producing two or more conidia within a 
few hours of its emergence ; hence hundreds of thousands 
of conidia may be formed in the course of a few days, and if 
we reflect how light the conidia are, and how their zoospores 
can flit about to considerable distances, it is not surprising 
that many of them are shed on to the surrounding seed- 
lings, to repeat the story. If we further bear in mind that 
not only every pufif of wind, but every drop of rain, every 
beetle, or fly, or mouse, &c., which shakes the diseased 
seedling may either shake conidia on to the next nearest 



Fit;. 39, — An cMsonium and anthendlum of Phyto^hthora omnh*(tra. The 
ewgonium it the larger rounded body, borne on a branch of (he myce- 
lium : it contains an oosphere, in proc«s« of being fertilized by the proto- 
plasm of lh« anthondtum (the smaller holy applied to the side of the 
ot^onium). The antheridium has pierced the wall of the oogonium, by 
means of a fertilizing tube, through which the contents pass into the 
oosphera, converting the latter into an oosjwre. (Very highly magnified ; 
after De Bary.) 

seedlings or even carry them further, it is clearly intelli- 
gible how the infection is brought about, and spreads 
through the seed-bed, gathering strength, as it were, hour 
by hour. 

But, although we have explained the rapid infection from 
plant to plant, it still remains to see how it is that if we 
sow the seeds in this bed next year, the seedlings are 
almost certain to be generally and badly attacked with the 
disease at a very early stage. 

When the fungus-mycelium in the cotyledons and other 
parts of the diseased seedlings has become fully developed, 
and has given Off thousands of the conidia above described, 
many of the branches in the dying (issues commence to 
form another kind of spore altogether, and known as an 
oospore, or egg- like spore. This spore differs from the 
conidium in size, shape, and position, as well as in its 
mode of development and further behaviour, and if it 
were not that several observers have seen its formation on 
the same hyphse as those which ^ive rise to the conidia, 
it might be doubted by a beginner whether it really 
belongs to our fungus at all. As it is absolutely certain, 
however, that the oospore on germination gives rise to the 
fiingos we arc consiaering, the reader may rest satisfied 

, The spore in question is formed (h a swetling of the 
free end of a branch of the hypha as {bUoWj. The proto- 


I plasm in the rounded end of the hypha becomes collected 
into a ball (the egg cell or oosphere) and then a smaller 
branch with a distinct origin applies itself to the outside 
of this rounded swelling and pierces its wall by means 
of a narrow tube : protoplasm from the smaller branch 
{antheridium) is then poured through the tube into the 
‘‘ cgg-cell," which thus becomes a fertilized egg- spore " 
or oospore. This oospore then acquires a very hard coat- 
ing, and possesses the remarkable peculiarity that it may 
be kept in a dormant state for months and even a year or 
more before it need germinate : for this reason it is often 
called a resting spore. It has been found that about 
700,000 oospores may be formed in one cotyledon, and a 
handful of the infected soil sufficed to kill 8000 seedlings. 

Now, when we know this, and reflect that thousands of 
these oospores are formed in the rotting seedlings and are 
washed into the soil of the seed-bed by the rain, it is 
intelligible why this seed-bed is infected- If seeds are 
sown there the next spring, the young seedlings are 
attacked as soon as they come up. These oospores are, 
in fact, produced in order that the fungus shall not die out 
as soon it has exhausted the current yearns supply ,of 
seedlings ; whereas the conidia^ which soon lose their 
power of germinating, are the means by which the para- 
site rapidly extends itself when the conditions are most 
favourable for its development and well-being. 

It has already been mentioned that other plants besides 
the beech are destroyed by the ravages of this fungtis. 
Not only has it been found to grow on herbaceous plants, 
such as Sempertjwum, Clarkia^ and many others, but it 
habitually attacks the seedlings of many timber-trees, such 
as, for instance, those of the spruce and silver firs, the 
Scotch pine, the Austrian and Weymouth pines, the larch, 
the maples, and particularly those of the beech. 

It is obvious that this makes the question of combating 
this disease a difficult one, and the matter is by no means 
simplified when we learn that the fungus can live for a 
Jong time in the soil as a saprophyte, and apart from the 
seedlings. In view of all the facts, let us see, however, if 
anything can be devised of the nature of precautionary 
measures. It must at least be conceded that we gain a 
good deal by knowing so much as we do of the habits of 
this foe. 

In the first place, it will occur to everybody never to 
use the same seed-bed twice ; but it may be added that 
this precaution need not be taken as applying to an\^hing 
but seeds and seedlings. Young plants, after the first or 
second year, are not attacked by the fungus— or rather 
arc attacked in vain, if at all— and so the old beds 
may be employed for planting purposes. In the event 
of a patch of diseased seedlings being found in the seed- 
bed, as in our illustration quoted above, the procedure is 
as follows : cover the whole patch with soil as quietly and 
quickly as possible, for obviously this will be safer than 
lifting and shaking the spore laden plantlets. If, however, 
the sharp eye of an intelligent gardener or forester detects 
one or two isolated seedlings showing the early stages of 
the disease, it is possible to remove the single specimens 
and burn them, care being taken that the fingers, 8cc., do 
not rub off spores on to other seedlings. 

In the last event, the beds must be looked to every day 
to see that the disease is not spreading. All undue 
shading must be removed, and light and air allowed free 
play during part of the day at least ; by such precautions, 
carefully practised in view of the above facts and their 
consequences, it is quHe feasible to eradicate (he disease 
in cases where ignorant or stupid mismanagement would 
result in the loss of valuable plants and time. In the 
case of other seedlings also, much may be done by 
intelligently applying our knowledge of the disease and 
its cause. It is not our purpose at present to deal with 
the diseases of garden-plants, &c., bat it may be remarked 
in passing that in the large majority of cases the " damp- 
ing off ** of seedlings is due to the triumphant development 
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of fungi belonging to the same genus as the one we have 
been considering, or else to the closely allied genus 
Pythium. In illustration of this I will mention one case 
only. 

It is always possible to obtain well-grown specimens of 
the fungus Pythium by sowing cress seed fairly thick, and 
keeping the smt well watered and sheltered. Now what 
does this mean ? Nobody imagines that the fungus arises 
spontaneously, or is produced in any miraculous manner ; 
and in fact we need not speculate on the matter, for the 
ftict is that by keeping the crowded cress seedlings moist 
and w'arm we favour the development of the Pythium 
(spores of which are always there) in somewhat greater 
proportion than we do the development of the cress. In 
other words, when the cress is growing normally and 
happily under proper conditions, it is not because the 
Pythium is absent, but because (under the particular 
conditions which favour the normal development of 
healthy cress) it grows and develops spores relatively 
so slowly that the young cress seedlings have time to 
grow up out of its reach. The recognition of this struggle 
for existence on the part of seedlings is of the utmost 
importance td all who arc concernea with the raising of 
plants. H. MARyHALL Ward. 

NATURAL SELECTION AND ELI. \f /NATION} 

M r. DARWIN’S phrase, ^‘natural selection,” is ap- 
plied to such processes, other than those involving 
the agency of man, as result under Nature in the survival 
of the fittest. These processes fall under two heads, 
which have not, I think, been sufficiently distinguished. 
For the first of these I here retain the word selection; for 
the other I suggest the term elimination. 

In natural selection the favourable varieties are chosen 
out for survival : in natural elimination Che failures or 
comparative failures are weeded out. In the one, Nature 
is employing conscious agents upon the upper or superior 
end m the scale ; in the other, Nature is, through con- 
scious or unconscious agencies, at work on the lower or 
inferior end of the scale. 

Variation is constantly taking place ; and the varia- 
tions may be favourable or unfavourable or neutral. 
Under selection the favourable variations will be chosen 
out; the unfavourable and the neutral may go. Under 
elimination tlie unfavourable disappear t the favourable 
and the neutral remain. By how much the favourable 
variations arc in excess, by so much will the race tend to 
advance. 1 see no reason why neutral variations should 
be eliminated, except in so far as -in the keen struggle 
for existence— they become relatively unfavourable. 

In the valuable and suggestive paper in which Mr, G. 

. J. Romanes dealt with physiological isolation, he brought 
.forward the inutility of sp^ific characters as one of the 
three cardinal difficulties in the way of natural selection 
considered as a theory of the origin of species. So long 
as we consider selection proper, this objection is valid. 
But under elimination (by far the more potent of the two) 

. there is no reason why specific features without utilitarian 
significance should be weeded out. Undoubtedly, in the 
long run, useful variations will tend more and more to 
preponderate, since, the longer and keener the struggle, 
the greater the tendency for neutral variations to become 
relatively unfavourable. And this conclusion is in har- 
mony with the tcachingjs of biology. For, as Mr. Romanes 
remark^ it is not until w-e advance to the mkjre import- 
ant distinctions between genera, families, hnd orders that 
we begin to find, on any large or general scale, unmis- 
takable evidence of utilitarian meaning.’' 

Natural elimination is intimately associated wid) the 
strugglefor existence, which may indeed be regarded a^ 
the reaction of the organic world called forth by the 
action of natural elimination. 'X'he struggle for existence 

Abitrmct of a Paper read before the Briitol Naturaliiti' Socetj'., 


is the result of a threefold process of eliminatiM (cf. 
“Origin of Species/* chap. iii.). First, elirnttyation by 
the direct action of surrounding conditions ; secondly, 
elimination by enemies (including parasites) ; and, thirdly, 
elimination by competition. 

Natural selection (in the naiTower sense suggested) is- 
a much rarer process, and one that only comes into 
play when intelligence, or (since it may be objected 
that selection is in some cases instinctive) when the 
mind-element comes definitely upon the scene of life. 
Perhaps one of the best examples is the selection of 
flowers and fruits by insects and fruit-eating animals. 
But even here (at least in the case of flowers) the process, 
of elimination also comes into play ; for the visitation of 
flowers by insects involves cross-fertilization, the advant- 
ages of which Mr. Darwin so exquisitely proved. So 
that we have here the double process at worlc, the fairest 
flowers being selected by insects, and those plants which 
failed to produce such flowers being eliminated as the 
relatively unfit. 

If we turn to the phenomena of what Mr. Darwin 
termed sexual selection,” we find lx>th selection and 
elimination brought into play. By the law of battle the 
weaker and le^s courageous males are eliminated, so far 
as the continuation of their kind is concerned. By the 
individual choice of the females, the finer, bolder, hand- 
somer, and more tuneful wooers are selected. 

When we have to consider the evolution of human folk, 
the principle of elimination is profoundly modified by the 
principle of selection. Not only are the weaker elimin- 
ated by the inexorable pressure of competition, but we 
select the more fortunate individuals and heap upon them 
our favours. This enables us also to soften the rigour of 
the blinder law ; to let the full stress of competitive 
elimination fall upon the worthless, the idle, the profli- 
gate, and the vicious ; but to lighten its incidence on the 
deserving but unfortunate. 

It is my belief that our views of evolution gain in clear- 
ness by the separation of these two processes by which 
the survival of the fit is brought about. Whether the 
use of the term “ natural elimination ” alongside of and in 
subservience to “ natural selection ” would be of service 
to those who are students and teachers of evolution 
doctrines, I must leave others to judge. 

C. Lloyd Morgan. 


THE FAUNA AND FLORA OF THE LESSER 
ANTILLES. 

A lthough much has been done of late years, both 
in the United States and in liuropc, towards the 
investigation of the fauna and flora of the smaller West 
Indian Islands, or Lesser Antilles, as it is better to call 
them, much remains to be effected before we can be 
deemed to have an accurate knowledge of the natural 
products of these islands. And it is most important that 
steps should be taken to remedy this deficiency without 
further delay. As the tide of civilization advances— more 
slowly, perhaps, it is true, over these islands than in 
many other parts of the world’s surface —the special 
peculiarities which each individual island possesses 
among its animal and vegetable indigens are fast 
becoming overwhelmed by the more povverful animals 
and plants that accompany the inroads of civilised man 
upion the wilderness of Nature. As in other places, 
where settlers from Kurope arrive, rats and mice eat out 
the indigenous animals, and exotic weeds starve out tbe 
native plants. It is therefore most desirable, tliat, while 
there is yet time, exact information should be obtained of 
the flora and fauna of tliese islands, every one of which 
seem^ to exhibit features more or less peculiar to 
This subject having been bi ought before the Commits 
of Section D at the Manchester meeting of the 
■Association hy Mr. Sclater, a grunt of j^ioo was made fSer 
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the purpose of initiating investigstions in this direction. 
At the instance of the same gentleman, a similar sum was 
recently obtained out of the Government erant administered 
by the Royal Society, shortly after which the separate 
Committees appointed to administer the two grants agreed 
to combine for the purpose of reporting on the present 
state of our knowledge of the zoology and botany of the 
West India Islands, and of taking step^ to investigate 
ascertained deficiencies in the fauna and flora.** 

The joint Committee thus formed consists of Prof, 
Flower, Mr. Carruthers, Mr. Thiselton Dyer, Dr. Ciiinther, 
Prof. Newton, Mr. Sclater, Dr. Sharpe, Lieut.-Col. 
Feilden, and Mr. D. Morns. Prof, Flower has been 
elected Chairman of the Committee ; Mr. Thiselton Dyer, 
Secretary ; and Mr. Sclater, Treasurer. 

Lieut. -CoL Feilden having accepted a colonial ap- 
pointment in Barbados will be in future resident at 
Bridge-Town, where he will act as local Secretary of the 
Committee, while Dr. H. A. Alford Nicholls, F.L.S., 
C.M. 2 .S., has kindly agreed to assist in the same capacity 
in Dominica. In order to commence their investigations 
without delay, the Committee have secured the services 
of Mr. George A. Ramage, who was lately associated 
with Mr. Ridley in his expedition to the island of 
Fernando Noronha, and has since been collecting in 
Pernambuco. Mr. Ramage arrived in Dominica in 
March last, and has proceeded to his work with great 
zeal. In May, after passing five weeks at Laudat, on the 
right bank of the Roseau River, about 2000 feet above 
the sea- level, he moved to St. Aroment, an estate belong- 
ing to Dr. Nicholls, just above Roseau, which he found 
to be a better locality for getting his plants dried. At 
Laudat he met with great difficulty in this matter on 
account of the extreme wetness of the climate. Writing 
in May last, Mr. Ramage speaks of having got, besides 
his plants, ** a good lot of insects, lizards, small snakes, 
and iand molluscs.** Besides these, he had also obtained 
three specimens of Peripatus. This is a valuable dis- 
covery, as this singular organism was originally dis- 
covered in Dominica by Guilcling many years ago, and 
has not been since obtained in the same locality. 

After exploring Dominica, Mr. Ramage will probably 
receive instructions to proceed to the other islands of the 
Leeward group, some of which are almost entirely 
un worked as regards their animal and vegetable life. 
Now that this important investigation has been so fairly 
started, it is hoped that Utile difficulty will be experienced 
in obtaining further assistance from the British Associa- 
tion and the Royal Society. It should, perhaps, be 
mentioned that complete sets of all the specimens 
obtained will be placed in the British Museum and Kew 
Herbarium, the Directors of these two Institutions being 
themselves both members of the Committee. 


What need hast thou with gems to deck thy hair, 

Of aught of wealth Golconda’s mines bestow, 

Rubies or pearls rash divers seek below ! — 

Thou canst in nobler wise thy worth declare. 

Oft shall thy votary in his cloistered cell 
In deep research of Nature's secret clue 
Pause, to bid Memory with her magic spell, 

Bring back ihy face and sweet girl-form to view, 

And in fond fancy hear thy voice anew 
Till life to gladness breathes its last farewell. 

Athenteum Club, July 35. J. J. S. 


NOTES. 

Nkxt year there will be in Paris what promises to be 
a splendid Anthropological Exhibition under the auspices 
of the French Ministry of Public Instruct ion. It will be organ- 
ized by Committees representing the Society, the School, and 
the Laboratory of Anthropology ; and an appeal for aid has 
been addressed to all who are, or have at any lime been, con- 
nected with one or other of these institutions. The Exhibition 
will include objects relating to all branches of anthropological 
science. 

Captain John Ericsson, who retains much of his vigourand 
youthful activity, celebrated his eighty-fifth birthday at New York 
on Tuesday, July 31. The King of Sweden and Norway cabled 

" of Veitw ’* (if I remsmljor right) I have compared cite octave and 
of a Konnet to the bid y and Che frame or bed of a carriage retpectively. 
The etfecC of a rhyme com in in to the two may be likened to chat of driving 
in a Bpika, whicli converts tha previoua sprinay connection of chr two parts into 
a fijtturr. The much more common fiiuit of English sontieia is the reverse of 
ihis. viz. that they contain many distinct rhymes instead of too few. In 
the form-build of the two sonnei* 1 may he said to have discovered a (ockei 
ariistically adapted to receive either one of two miniatures, each in Us own way 
equally exquisite, and worthy of ineHTAhle regard and adoration, t left the 
Suliject of thU week's eonnet at the door of Magdalen College Chapel to attend 
the evening service there, and early the next morning, as it now reads, with 
the exception of changes m three lines only, it was In the hands of her parents. 

With regard to the punctuation of this and other of my poetical pieces, 1 
hhare to a great extent the opini m of the lace deeply regretted Matthew 
Arnold, that in poetical composition the fewer points the better i grammatical 
or (bo to say) chorisiic points as such should never be introduced except when 
neceseary to prevent ambiguity or obscurity of meaning : consequently there 
will be many points left out in poitty which would be found in the same piece 
written in prose. But Prr coKtra I hold that points are sometimes useful or 
even necessary in poetry which would not be found m prose, viz. to mark brief 
pauses or almost insensible musical rests. The pointing 1 have adopted in 
ihe line from last week’s sonnet— 

Thy y^tuhing, ntshini, fingtrs to indue — 

affords an exemplification of this latter principle. The commas on each side 
of rushtHg wtt not chorUtic but melodic, and w luM not appear in prose. 

In taw writings no points at all are inti\)duccd, and for reasons which in no 
wise conflict witn the principles referred to above. 

i'^. A law document is expected and ought to be written in such a form as 
to he insusceptible of .in equivocal or doubtful construction. 

No one expects a law document (unless maybe it were a marriage 
certtfleace or deed of separation by mutual consent) to have much music m 
its lines. 


SONNET* 

TO A YOUNG LADY WITH A CONTRALTO VOICE, 

0 « m a warm sumimr' s afftrm>0H^ wiih&nt arcompam- 

mtHtf saV€ the P^usic of the hip'ds heard thf*ou^h the open 
windows of the authors rooms over hoking the beautiful 
garden of New College^ Oxford^ the old English ditty, 

** Deeh not with gems that lovely fop-m for snep 
ips imUh occurs the Hue, 

**/ mmt have loved thee hadst thou not been fair.** 

T'HE startled, ambushed, nightingales despair 

To match those notes, so tender sweet and low, 
That poured through lips where Cupid lays his bow 
Had made thee loved e*en hadit thou been less fair. 

* original , fjrm of the Bonnet, pubtiahed in the preceding 

numttsr of If ATOrb, whidh, If perhaps Bupsrioe to thi» hi «pre«lon, is opsn 
whiefa the oirtgiaalls feW* pohM out to the author by Mb 
fiiwiid, the great Traveller and Oriento^t (the trannUtor, too, 
« •wmeul Sir Richord Burton, of deviaring from the Petrwchian 

ti^ HI fteiokt having oat rhyme in common woh the octave. In my 


One of the offic’al reodori of the sonnet contained in the last number of 
bfATuRB has written to me to say that he cannot see the sanse of lines 3 and 4. 
The answer is, I think, obvious. In the human organism all parts, faculties, 
and powers are connected and correlated. Consequently a voice whose notes 
are pure, sweet, and true affords a voucher (I do not say mathematical proof, 
but presumptivoevidenoe which may be accepted in the absence of rebutting 
facts) of the character to which it appertatas being sweet, pure, and true. 
But sweetness, purity, and truth are the prime ingredients of goodnets. 
Therefore notes which ate pure, sweet, and true vouch for the goodness of 
the person to whom the voice belongs, Q.E.D, 

The argumant In the text is put m the form of an enthymtnte, the mejor 
premise —.'Iff w't-ttc sinefng nates arc sweet, ^ure, and true qffer a 

presumption that they are ^ing suppressed. It U notonous that 

birds instinctively, and therefore on the surest ground, infer the worthiness 
(or according to their ethical code the goodness) of thw partners from their 
Bttperiority in sang. Wituess the distten from a sonnet famiUar to many of 
my reader*— 

Like footish bird who tn thefewUr^t cry 

Eearx ksr Uved peusids soft amsraus mehdy 

If 1 am wfong tn supporing so. I hope that Mr. Romanes, or any other 
biologist (if such there be) of equal skill with him in Darwinian dialectics, 
will set me right In thU point, and inform the readers of NxTuaa on what 
other IntsUigm ground can be explained the recourse had to song by tho 
male bird to win the afSeetions of hts mate. If such be the case with binjs, 
why should It not be equally true of the sometimes scarcely less volattle 
portion of the hdnwn fioce T 


37 * 


NATURE 




orden lo Consul* General Bors to call upon the eminept engineer, 
and convey to him on the occasion renewed assurances of His 
Majesty's esteem. *' Consul-General Bors,” says the New York 
Dai/y NewSf ** was only too happy to execute this commission, 
and when he called at 36 Beach Street to-day to deliver the 
message he brought with him a beautiful l)Duquet that delighted 
the great engineer extremely when he received it. He very 
willingly granted Cbnsul- General Bors an audience, and thanked 
him for the courteous mcs-iajjc be brought broin his Royal 
master. Captain Ericsson has a wonderful faculty of talking 
and working out the most exact mechanical drawings at the same 
time, and Mr. Bors’s visit did not interrupt him in his work in 
the least. He chatted with him cheerily, and listened with an 
amused smile to the Consul’s expressions of wonder at his 
marvellous health and mental vigour.” 

The Congress for the study of tuberculosis, lately held at 
Paris, was very successful. Numerous and important papers 
were read, and there was always a large attendance of members. 
The next meeting will be held in 1890, under M. Villemin’s 
presidency. 

The sixty* first meeting of German men of science and 
physicians will be held in Cologne from September 18 to 23 
next. 

Mr. James Stevenson, Ute Executive Officer of the United 
States Geological Survey, died at Gilsey I loins, New York, on 
July 25. He was born, in 1840, at Maysvitle, Kentucky. 

T^ie United States Senate has voted to pay the widow of the 
late Prof. Spencer F, Baird 50,000 dollars in recognition of his 
services as United States Fish CommUsioner. 

Last year, Bedford College sustained a great loss by the 
death of Mr, Shaen, who l»ad been one of its most active friends 
since its earliest days ; and 0 wish was then widely expressed 
that some scheme should be devised which should pernmnently 
associate his name with Bedford College. The Council now 
propose that a building shall be erected on a site immediately 
behind the College, and that it shall be called the Shaen Wing. 
Ih this building there would be good laboratories and class- 
rooms, and it is believed that the premises could be so arranged 
as to provide accommodation, at a moderate charge, for a num- 
^>er of students. It would be hard to think pf a more suitable 
memorial of Mr. Shaen, and we have no doubt that the entire 
amount necessary for the carrying out of the plan (jfsooo) will 
soon be subscribed. The proposal that a large part of the fund 
shall be devoted to science laboratories strikes us as an interest- 
ing and hopeful sign of the limes. Bedford College has <Ume 
much to help the movement for supplying women with better 
opportunities of study. Of the 452 women who have passed 
the various examinations of the London University, no fewer 
than 123 have been students of this institution ; and about one- 
third of the present students are working for these examinations. 
It may be reasonably expected that when the new laboratories 
are opened the results will be even more satisfactory than those 
now achieved ; for all the present laboratories are adaptations 
of former class-rooms, and, being deficient in light and space, 
are but imperfettly fitted for the purposes for which they are 
used. 

In his Report on the technological examinations of 188S Sir 
Philip Magnus says that in the present year there has again been 
A large increase in the total number of candidates examined. In 
1887, 5508 were examined, of whom 3090 passed ; in 1888, 
6166 were ejeamined, of whom 3510 passed. The increase in 
the number of candidates is less this year than last year, being 
658 as compared with 744. Examinations have been held this 
year in forty-nine difierent subjects, in seven of which less than 
ten candidates presented themselves. The subjects in which the 


least number pf candidates presented theniselves are those con- 
neoted with the chemical industries, and the examiners in these 
subjects generally remark that few of the candidates Are found to 
possess that combined knowledge of scientific principles aitd of 
technical processes which is desirable. The increase in the 
number of candidates has been most marked in cloth, cotton, 
linen, and jute manufacture, in plumbers' work, carriage- 
building, carpentry and joinery, and in brickwork and masonry. 
The average percentage of failures has fallen from 43*8 to 43 T ; 
and from the separate reports of the examiners it appears that in 
most subjects there is a distinct improvement in the (yuality of 
the candidates’ written answers and practical work. Of the 
3510 successful candidates, 758, or 21 '6 percent., have passed 
in the honours grade, a$ against 21 '9 per cent, last year. It 
appears that 10,404 students have received instruction in 475 
registered classes connected with the City and Guilds of London 
Institute. These classes were in 183 different towns in the 
UTiUed Kingdom. The corresponding numl>ers for the previous 
year were 8613 students, 365 classes, and I2i towns. These 
numbers do not include the students at the Finsbury Technical 
College, the Yorkshire College, Leeds, and other Codleges the 
ProfesBor-t of which do not receive grants on results, and the 
candidates from which ore classed as '^external” candidates. 
Sir Philip Magnus anticipates that with the establishment of view 
Polytechnic Institutions in different parts of London there wilf 
be a large increase in the numbr-r of students in the technical 
classes registered by the Institute and in the numl>erof candidates 
for examination. 

In the Report, for the year 1886-87. presented by the Board of 
Managers of the Observatory of Yale University to the President 
and Fellows, complaint is made that too Urge a proportion of 
the clinical thermometers (foreign or American) sent to the 
Ol>servatory for verification are despatched so soon after their 
manufacture that the corrections given arc liable to change 
with a year’s use, ** Physicians,” says Mr. Robert Brown, 
secretary of the Observatory, “would obtain much more exact 
indications of temperature if, estimating the probable annual 
breakage, they would provide themselves with two or three 
years’ supply of well-made, well -graduated clinicals, and obtain 
tables of corrections only after the instruments were knvtvn to 
have attained a proper age of, say, one or two years. The com- 
paratively small demand for clinicals whose age as well as correc- 
tion is certified, seems to imply that the medical profession is 
not yet generally awake to the exactitude that is practicable in 
ascertaining body temperature.” 

The sealer Jason has arrived in Norway from the Greenland 
coast, and reports that the Expedition under Dr. Fridtjof 
Nansen, which is to cross Greenland from east to west, left that 
ship on July 17 in latitude 65* 2' N. An ice-belt about ten 
English miles in width separated the ship from the shore, but it 
is believed that the members would have no trouble in cross- 
ing this, the floes being large. Dr. Nnnsen intended to land in 
the Sermilik Fjord, which is inhabited. Previous attempts at 
landing had failed on account of rain and fog. 

It is said that the Cincinnati Exposition is the best that has 
been held in America since the great one at Philadelphia in 
1876. We reprint from Science the following account of 'it i— 
“People who were at New Orleans in i8S5,say that this ia 
enormously superior in all the arts, especially upon the mech- 
anical and industrial side. The Exposition coven 15 acres in 
the very heart of the city, and in every part of Uds large oiea 
one meets evidences of taste, skill, ingenuity, and perseverance 
in adapting means to endi, which form a series of appaieuAly 
n^ver-ending surprises as one passes from one exhibit toaooth^f 
The Government exhibits are alt good and all characternUc. 
The Smithsonian InstUudon and tbe Geological Survey evhlblta 
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attract crowds. In the latter, Prof. F: W. Clark has some trans- 
parent photographic views, represented in colours by some new 
and as yet undisclosed process. The eflfect is wonderfully natural 
and beautiful, and if It is found to be durable it will prove a 
great discovery. The very 6ne models of the new classes of 
naval vessels now building attract crowds daily, as do the various 
forms of weapons for wholesale slaughter, in case we ever have 
another war. In close juxtaposition are the ingenious devices, 
for saving life in cases of shipwreck, of the Life-saving Service. 
The Fish Commission exhibit is not as vet complete. In such 
elaborate displays, requiring much preparatory work, more lime 
should 'have been allowed for preparation. The Post Office 
Department and the Army exhibits are also incomplete, but a 
few days will find everything in order.” 

The native birds of North America, which were supposed to 
be rapidly disappearing, reappeared in great numbers during the 
spring of the present year. This was first noted in the New 
York papers, and was promptly credited to the liberal destruc- 
tion of the pugnacious English sparrow, unable to withstand the 
storm-beating received in the great March blizzard. But counter 
to this explanation, says Science, comes information from Illinois 
that the ^attention of all is attracted to the remarkably large 
number of birds that are to be seen. The groves, the wootU, 
and the meadows in the country, and the many trees in the city, 
are peopled with these feathered visitors. The oldest inhabitant 
does not remember to have seen so many and such a variety of 
birds. And yet the great blizzard did not visit lllinoU. 

The vapour-density of hydrofluoric acid has been subjected 
to a rigorous re-examination at the hands of Prof. Thorpe and 
Mr. F. J. Hambly. Prof. Mallet some time ago showed that, 
at a temperature of 30" 5 C., the density of hydrofluoric acid 
vapour corresponded to a molecule of the composition H^F, ; 
consequently we have been accustomed to think of this substance 
as consisting of ordinary molecules of HF at higher tempera- 
tures, and of condensed molecules of just al>ove its boiling- 
point. But we have recently seen, from the experiments con- 
ducted in Prof. Victor Meyer’s laboratoiy upon the molecular 
nature of sulphur, and also from the previous investigations coh- 
cerning the composition of the molecules of the chlorides of 
aluminium, tin, and iron, that our older ideas as to the formation 
of condensed molecules, such as Sg or FegCIfl, at particular 
temperatures were erroneous ; that these condensed molecules 
were not capable of existence throughout any notable range 
of temperature. It therefore became an interesting question 
whether hydrofluoric acid would not behave in a similar manner. 
To test the question thoroughly, fourteen vapour-density deter- 
minations, at temperatures ranging from 26**4 1° *3 C-, have 

been carried out in the research laboratory of the Normal School 
of Science by means of an elaborate and expensive platinum 
apparatus. The first necessity was, of course, the pure anhydrous ' 
acid. This was freshly prepared, as required for each experi- 
ment, from the now famous double fluoride of hydrogen and 
potastium ; it was afterwards re-distilled from the platinum 
retort through the density apparatus, which was placed in a bath 
of glycerol heated to the required temperature. The vessel, of 
known capacity, in which the hydrofluoric acid was eventually 
weighed consisted of a platinum cylinder completely closed, with 
the exception of the entrance and exit tubes, which could be 
closed at will by means of well-fitting platinum stopcocks of 
skilful workmanship. The whole operations could thus be con- 
ducted in platinum throughout, and are, therefore, of tbe most 
trustworthy character. As expected, the values obtained cirre- 
Spond totnoleCnJar weights ranging from 5.1 '19 at 26**4 to 20*58 at 
88**3, ihbs xhowing a continuous breaking down of the molecular 
gtoupiag, untB, finally, we arrive at the stage where the whole 
of the molecules consist simply of II F, * corresponding to the 


normal density of 30. No other molecular condition than thifr 
is capable of existing throughout any considerable range of tem- 
perature. Zt is of the highest interest to consider what happens 
below 26”*4. The natural inference is that the molecular group- 
ing becomes more and more complex, or condensed, until we 
reach a point where the substance becomes visible-*a liquid ; 
while still further condensation eventually brings us face to 
face with a solid. 

The Report of the Conservator of Forests in Ceylon for the 
past year says that though Sir Joseph Hooker in 1873 called 
attention to the rapid destruction of forests in that island, no 
steps were taken by the Government till 1S82. In that year, as 
a result of a report of Mr. Vincent, of the Indian Forest De- 
partment, the Government turned its attention to the subject, 
and in 1885 the ** Forest Ordinance ” was issued. The objects- 
of this Ordinance were, briefly, to select suitable areas of forest 
land and constitute them State forests, to buy off any interests 
I which private individuals might have in those lands, to place 
them under effective protection, and generally to systematize the 
forest conservancy. Even now the Crown forests are plundered 
in a wholesale fashion by organized bands of thieves, but it is 
hoped in a short time to put an end to this, and make the forests, 
of Ceylon as remunerative, comparatively speaking, as those of 
India, where they produce a substantial revenue. Ruin has- 
threatened the Ceylon forests, just as it threatened the forests of 
Jinjira, in Western In<lia, where three-fourths of a vast forest 
forty miles long, and from fifteen to a hundred miles in breadth, 
w.as destroyed, and the remainder with difficulty saved. 

In an interesting paper on ancient tide-lore, reprintetl, with some 
other pa|->ers by the same author, from the Transactions of the 
New Zealand Institute, Mr. W. Coicnso, F.R.S., describes the 
old belief of the Maories as to the ebbing and flowing of the sea. 
These phenomena, it sec ns, they attributed to a huge ocean 
monster, whose home was low down in the depths beyond the 
horizon. It was supposed to do its work by powerful and 
regular respiration, or inguigitalion and regurgitation of the 
water. The monster’s name was Parata ; and any one over- 
taken by great misfortune is said to have fallen into Parata’s 
throat. In a myth relating to the first peopling of New Zealand,, 
one of the chief canoes, named the Aratva, is represented as 
being carried into the enormous mouth of the monster, and as 
being with difficulty extricated by Ngatoroirangi, the courageous- 
and cunning iohunga ( - priest, or wise man) on board, who 
recited his powerful charm for the purpose. The words of this- 
charm or spell are still preserved. 

In his Report to the Foreign Office on the agriculture of Yezo, 
the British Consul at Hakodadi says that though the Ainos are a 
hunting and fishing people, yet efforts have been made to induce 
them to cultivate the soil. In 1869 the influx of Japanese to the 
fishing grounds reduced them to great straits. This appears to 
have continued till 1882, when attention was drawn to their 
condition, and sums of money were distributed amongst them to 
relieve their distress, schools were built, and attempts were made 
to teach them fanning. In 1886 the money gifts were stopped, 
but the efforts to teach them agriculture continued, and at the 
end of that year about 803 acres were cultivated by the Ainos. 
The Consul remarks that it is impossible to tell how many Ainos 
there tire in Japan, from their carelessness or dislike to record 
the births and d^ths ; but it -is calculated that there are about 
3600 houses in Yezo— that is, about 14^0C)6 people. The 
general impression is that they are gradunHy disappearing, but 
obviously the Government of Japan is doing all it can to aid the 
Ainos, and to foster In them a spirit of stif-help. 

The lim number (Session 1887-88) of the Madras Journal of 
LiUraiu^ and Science contains the first part of a treatise by 
Prof. Oppeit, of the Presidency College, Madras, on the original 
inhibitnnis of Bharatavarsa, or India, whom he describes as 
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Ganda-DravHians. This term the learned writer explains hy 
saying that the two special Ganda-Dravidian terms for mouatain 
are p/tah and ko, both being widely used and prevalent through- 
out India, Those tribes, whose names are derived from wa/tf, 
he caIU Dravidians, and those whose names are derived from 
Oandians. In this wAy the Mallas, Milas, Malavas, Malayas, 
Ac,, and the Kflyis, KSdulu, Kondas, Gondos, Kuruvas, &c., 
are classified as Dravidians and Gandians respectively. The 
presence of the Ganda-Dravidians in India can be proved at a 
•very early period from the north-west across to the north-east, 
and from both corners to the furthest south. On the arrival of 
the Aryans on the north-western frontier, the Ganda-Dravidians 
are already found in flourishing communities." In the present 
instalment of his work, Prof, Oppert endeavours to prove the 
antiquity of this race, especially of the Dra vidian branch ; in 
the next he will treat of the Gandians, His own summary of 
his positions in the concluding section is to this eflect : in follow- 
ing the* ramifleat ions of the Dravidians throughout the peninsula, 
he points out the connection which exists between several tribes, 
apparently widely different from each other ; he has ideniifted 
the so-called pariahs of Southern India with the old Dravidian 
mountaineers, and establishes their relationship with a number 
of tribe* forming, as it were, the first layer of the ancient 
Dravidian stratum, and he endeavours to show that various 
other different tribes are offshoots of the Dravidian race. He 
thinks also that much that is now considered Aryan in name and 
origin must be regarded as originally Dravidian, The various 
Dravidian tribes scattered over India are separately introduced 
into the discussion in order to establish their mutual kinship. 
Prof. Oppert, in fact, labours to restore the Dravidian **to those 
rights and honours of which he has so long been deprived." 
The spirit in which be has undertaken what is obviously a great 
work is sufficiently evident from the words with which he con- 
-cludes the present article : — '' My errors, too, may not be with- 
out use if, like stranded vessels, they serve to direct the explorer, 
warning him away from those shoals and rocks that _bcset the 
inquirer in his search after truth." 

In the Beriin , MefeortpU^isi'/i^ ZeUschrifi for July, Dr. E. 
liriickner discusses the meteorological observations of the 
German Polar station at Kiogua Fjord (Cumberland Sound), 
and of the stations in Labrador nnd South Geotgta, in the 
year 1882-83. The results represent three distinct types of 
winter cUmale. Klngua Fjord has a calm, severe winter, and 
cool summer, the warmest month being Augu-t, whereas July 
is usually the warmest month in Arctic North America. In 
Labrador the cold is often accompanied by stormy west winds, 
and although the temperature is higher than at Kingua Fjord, 
the cold is much more keenly felt. South Georgia naturally 
partakes of the oceanic character, but the yearly temperature, 
is much lower than at the neighbouring stations on the 
coast of South America, in the same latitude (54* 31' S.), and is 
the lowest yet known in the southern hemisphere. Dr. F. 
Schreiber contributes an instructive article on the question of 
the deriuction of true daily means of temperature from three or 
four observations daily. He gives a series of nine combina- 
tions, and their results, as compared with twenty-four hourly 
observatioRK at Chemnitz. The result shows that the somewhat 
inconvenient hours of 6 a.m., 2 and iop.in.,give the nearest | 
true daily temperature. The inquiry is interesting ns bearing j 
upon the question of the necessity of continuing the expensive ' 
process of continuous records for an unlimited period. 

Dr. Buys Ballot, the Director of the Meteorological 
Institute of the Netherlands, has published an excerpt paper 
from the Proceedings of the Amsterdam Academy of Sciences 
on the distribution of temperature over the surface of the earth. 
Insiead of representing the temperatures hy the usual method of 
■fothennal lines, he gives the departures for each 5^^ of latitude and 


longitude from She norniat temperature at the equator, by means 
of figures, using ordinary arid' thick type to avoid the use of plus 
and minus signs. The variations of temperature for the typical 
months of January and July, and for the year, are very clearly 
shown by this method. The work is also accompanied by 
maps, connecting by curves all places having the same mean 
differences of temperature in the summer and winter months. 

Among the contents of the new numl>er of the Interna'* 
tionaUs Archiv jUr Ethnographic (Band i. Heft 4) we may 
note : a Singapore street scene, by Prof. G. Schlegel ; a paper, 
by F. Grabowsky, on certain sacrificial customs in Borneo ; 
another, by J. D. E. Schweltz, on South Sea relics ; and various 
ethnographic notes from Mecca, by G. Snouck Hurgronje. All 
the articles are admirably illustrated with coloured plates. 

A NEW autumn edition of “Walks in EpP*^E Forest,” by 
Percy Lindley, describing portions less known to pedestrians, is 
in preparation. Prof. Boulger has contributed to the same 
issue some notes upon the recent extensive tree-felling and 
“forestry” o]>crations in Epping Forest. 

A book on “The General Principles of Agriculture,” by A. 
Larbaletrier (Reinwald), has just been published in Paris, 

Gegendaukr’s “ Human Anatomy " is being translated into 
French. 'Phe first quarter of the book was recently published 
by Reinwald. 

The Ode sa Gazette reports the discovery of the remains of an 
ancient town on the right bank of the Volga. These remains 
arc traceable over an area about two miles long, by three- 
quarters of a mile in width. The place has been visited by a 
deputation from the Commission of Archives. A very consuler- 
ahle quantity of Arabian, Persian, and 1 'arlar coins has been 
found there, besides a multitude of other objects which bear 
witness to the cultivated stale of the inhabitants. There were 
remains of marble blocks, of watercourses, &c. 

An exploring party of eight persons, led by Lieut. Israel, 
have set out from South Australia to explore the country north- 
east of Newcastle in Western Australia, and particularly the 
territory around Lake Moore and Lake Manga. The objects of 
the expedition are said to be partly scientific and partly com- 
mercial, anil the funds have been supplied by a number of 
Australian capitalists. 

A CORRESPONDENT — who says that everyone who looks 
through the series of photographs of lighining in the possession 
of the Royal Meteorological Society must be struck with the fact 
that many of the flashes exhibit a ribbon-Uke structure, w'hile the 
appearance is totally absent from others—has made some experi- 
ments in order to ascertain whether a similar appearance can bo 
produced by interposing a sheet of window-glass between a 
narrow brightly- illuminated sUt and the camera. , So far as these 
ex[jerimentg have yet gone, he is not in a position to assert that 
all the peculiar band -like appearances can thus be imitated, but 
there is no doubt, he asserts, that a photograph of an unribboned 
flash taken obliquely through a window must exhibit appearances 
very similar, if not identical. 

The additions to the Zoological Society’s Gardens during the 
past week include a Weeper Capuchin {Cetrns capucinus d )from 
Brazil,. presented by Mr. Haddau ; two Common GeneU {Genetta 
vulgaris) from West Afripa, presented by Mr. Philip Lembeig j 
three Palm Squirrels {Sciurus palmarum) from India, presented 
by Surgeon- Major W, G. King ; an Orange- winged Amazon 
{^Chrysalis amenanka) from South America, presented by t^e 
Hon. N. L, Melville \ two Fulmar Petrels {FUlpnarus glaeialis) 
from St. Ki’da, presented by Mr, W, C. Gilles ; a Common 
Ch 9 m€)ton (ChamaieoH vulgaris) from North Africa, presented 
hy Mr. Underwood ; a Macaque Monkey (Afaeofus ejmo^gm A ) 
from India, an Ocelot {felts ^rda/is), a Common Rhea {fAm 
ameiicana) from South America, a Ring-necked Parrake*t 
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i^tyuaius) from India, a Grey -breasted Parrakeet 
i^Boiborhynchus momchus) from Monte Video, two White- 
fronted Amazon^ {Chys&ti$ hucoctphalus') from Cuba, two 
European Tree Frogs {ffy/a arborca)^ European, deposited; a 
Havrabnnd's Parrakeet {Botytelis batrabani/i) from New South 
Wales, purchased; a Mountain Ka-Ka {A/insfor fnyiabiUs) from 
New Zealand, received in CKchange ; two Canadian Beavers 
(Castor ^a»a'Jeftsis)t three Gold Pheasants ( 7 'kaumaUa pietd)^ 
bred in the Gardens. 


OUR ASTRONOMICAL COLUMN. 
Further Cometary DrscovERiEs. — Mr. W. R. Brooks, 
Smith Observatory, Geneva, New York, discovered a new 
comet, 1888 r, on August 7 The place for 8h. 4621,, G.M.T., 
on August 7 is given as R. A. loh. 5m., Dccl. 44“ 30' N.. It 
was o^erved nt Vienna on August 9, 9h. 53*501., in R.A. 
loh, 2tm, 53s., Decl. 44“ 49' 26". Faye’s comet was picked up 
liy M. Perrotin at the Nice Observatory on August 9, its place 
at 1511. 19 ’Sm., Nice M.T. , being R.A. 5h. Om. 27 ‘6s., i)ecl. 
20" o' 42" N. There are thus four comets now under observa- 
tion. The folio^^ing ephemeris, supplied in the Oun Echl 
Ciriulai\ No. 159, is derived from Dr. Kreutr/s ephemeris for 
Kaye’s comet in the Astr. Nachr.t No, 2849, the time of 
perihelion passage having been increased by 2*6 days. 

Ephemeris for Berlin Noon. 

1388 R..\. Decl. , 1B8S K A. Decl. 

h. m. / I h. rn. 0 . 

Aug. 20 ... 5 28 5 19 3! N. Sept. 5 ... 6 9*5 17 58 N. 

24 S 39 0 19 9 - 6 I 9’2 17 27 

28 ... 5 49 ‘4 1851 I 13 .. 628*6 1654 

Sept. I .. 5 59 ‘6 18 26 N. I 17 ... 6 37’8 i6 18 N. 

Dr. Backlund's ephemeris for Encke’s comet, given in tl)C' 
last issue of Nature (p. 3J0), should also have been given for 
Berlin noon, and not for midnight. The resulting error of the 
ephemeris at the time of discovery thus becomes O G ; 
R.A. + 8s. ; Decl. - i'*3. 

The following ephemeris, by Dr. H. Kreutr, for Brooks’s comet 
is for Berlin midnight : — 

1888. R.A. Decl, 1888. ^R.A. Decl. 

Aug. 15 II 8 8 ^ 2S‘7 N, I Aug. 23 12 5 53 42 14*0 N, 
*9 ” 37 41 43 32*9 I 27 123221 40 33 '4 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 AUGUST 19-25, 

the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 24, 
is here employed,) 

At GrtMuncA on Aug^ust 19 

Sun riaes, 4h. 54m. ; souths, I2h, 3m. 18 2s. ; sets, i9h, 12m, : 
right asc. on meridian, 9h. 56‘4m. ; decl. 12® 34' N. 
Sidereal Time at Sunset, I7h. 6m. 

Moon IFull on August 21, i6h.) rises, l8h. i8m. ; souths, 32h. 38m.; 
sets, 3b. 3in.*: right asc. on meridian, 2oh, 32*6m. ; decl. 
19® 30 ' S. 

Right anc. and declinalioh 

Planci. R'.ica. Sotitht. Sets. on meridian. 

h. m. h. m. h. m. h. m. o , 

Mercury,. 4 21 ... u 47 ... 19 13 ... 9 40*3 ... 15 45 N. 

Venus 5 51 ... 12 46 ... 19 41 ... 10 39*3 ... lo 3 N. 

Mars 12 30 ... 16 58 ... 21 26 ... 14 52*3 ... 17 578. 

J^upiter. ... 13 36 ... 17 4S ... 22 10 ... 15 41-9 ... 18 58 S. 

Saturn..,, 3 28 ... Ii 7 ... 18 46 ... 9 0*0 ... 17 47 N. 

Uranus... 9 24 ... 15 i ... 20 38 ... 12 54*9 ... 5 13 S. 

Neptune.. 22 23*... 6 10 .. 13 57 ... 4 a i ... 18 59 N. 

* Indicates that the riainj; ii thator the pracedlnff evening and the letUng 
that of the following mormiig 

OeenUaiUns of Stars by the Moon (visible at Gremwich). 

t^n^Mpondlng 

^ angleafoom ver- 

Aug. Star, Mag. Disap. Reap. tea to right for 

inverted image. 

h> Ift* Ka iHi g ^ 

31 7 Caprioornj ... 34 ... o 58 ... 2 to ... 126 314 

21 ... joArtuRTii ... 6 ... 20 !7 near approach 162 — 

22 ... Aqitarit ... 5 ... 21 46 ... 32 30 ... 29 320 

22 .,,. t|f*Aqviarii ... 44 ... 21 55 near approach 172 — 
Aug. h. 

M V '.u Mercury in superior coiyunction with the San, 


VariahU Stars. 


Star, 

R.A. 
h. m. 

OkI. 

h. 

in. 

Algol 

■ 3 0'9 • 

.. 40 31 N. . 

..Aug. 23, 0 
» 25 » 21 

55 ^ 
44 m 

A Tauri 

. 3 54 5 • 

. 12 10 N. . 

„ 20, 0 57 «t 
.. * 3 . 23 49 «» 

T Monocerotis .. 

6 19-2 .. 

7 9 N. .. 

. n 25* 4 

0 M 

R Canis Minoris.. 

7 2'6 .. 

10 12 N. .. 

. ,, 2*. 

M 

5 Libree 

«4 5 S O • 

.8 4S. . 

.. ,, 23* 22 

34 w 

U Coronse 

. IS I 3’6 . 

.3* 3 N- • 

.. 22, 21 

7 

S Ilerculis 

. 16 46-8 . 

..IS 8N.. 

- M 23. 

M 

U Ophinchi .. .. 

. 17 io'9 .. 

. 1 20 K. ... ,, 19, 3 48 m 

and at intervals of 20 8 

W Sf^ittarii 

. 17 57*9 - 

. 29 35 S. . 

. Aug. 23, 20 

0 m 

U .Sagittarii 

. 18 35*3 

. 19 12 S. , 

. M 23, 1 

0 m 

S Sagittarii 

- 19 50*9 ■■ 

. 16 20 N. 

. M 19. 23 

qM 

U Cygni 

. 20 161 .. 

. 47 33 N, . 

. M 20, 

m 

X Cygni 

. 20 39 0 .. 

.35 II N. . 

. „ 22, 2 

oM 

T Vulpeculae 

. 20 467 

. 27 50 N. .. 

. 19. 20 

„ 20 , 21 

oM 
0 m 

R Vulpecula* 

■ 20 59*4 .. 

. 23 23 N. 

- M 21, 

M 

6 Cephei 

. 32 25*0 .. 

. 57 51 N. .. 

. M 25, 22 

oM 


hi signifies maximum ; minimiiiti. 


MtUor-Showtrs. 

R.A. Decl. 

Near 7 Camelopardalis-.. 54 ... 71 N. ... Swift; streaks. 

290 ... ^ N. ... Bright and slow; 

with trains. 


GEOGRAPHICAL NOTES. 

A WORK of great interest in the history of early European 
cartogrtmhy has recently been published by Messrs. Stevens and 
Sons, of Great Russell Street, and the manner in which it came 
to be compiled is not a little curious. One of the most famous 
of the early European cartographers was Johann Schoner, Pro- 
fessor of Mathematics at Nuremberg in the euly part of the 
sixteenth century. He is best known now by a series of 
terrestrial globes which he prepared, one about 151$. another in 
1520, and a third in 1533, all three of which are still preserved 
at Frankfort, Nuremberg, and Weimar respectively. Here, so 
far as cartography is concerned, students would have believed 
Schbner’s work to have ceased, were it not for a small Latin 
pamphlet of four pages which existed amongst his numerous 
writings, and which was, in substance, n letter to a high 
ecclesiastical authority of Bamberg descriptive of a globe on 
which were marked the discoveries made during Magellan's famous 
circumnnvigalion of the globe. Only three copies of this 
pamphlet were known to exist. Tt was dated 1523, and it 
obviously did not refer to the glol>es of 1515 or 1520, for these 
did not contain any references to the discoveries in question. 
Hence it was assumed that another globe, between 1520 and 
1531 bad been jirejmred by Schoner, but no trace of this could 
be found, and, if ii existed at all, it .seemed to be lost for ever. 
But in 1885 the laie well-known bibliographer, Mr. Henry 
Stevens (** of Vermont ”) found in the catalogue of a 
* Munich bookseller a facsimile of a globe which he at 
once recognized as the long lost work of Schoner, He 
promptly purchased it, and u'timately it found its way into the 
remarkable collection of works on early American geography and 
history made by Mr. Kalbfleisch, of New York, where it stilt ip.. 
But Mr. Stevens, who regarded it as “one of the keys to unlock 
the many mysteries of early American geography.” determined 
to reproduce Schoner ’s letter and globe in mcsimile, and to 
append a transUtiou and an introductory sketch of the early 
historical geography of America. While still Ubjuring at this- 

work he died, but his son took it up, and, aided by Mr, C. H. 
Coole, of the Map Department of the British Museum, has now 
succeeded in bringing it to a conclusion. Schoner himself was 
entirely indebted Tor his knowledge of the results of Mftgell.in's 
voyage to a letter written by one Maximilionua Transylvanus,. 
a natural son of the Cardinal Archbishop of Salzburg, and 
then employed ab^ut the Court of the l‘:m(>cror Charles V., 
describing for his father the expedition in question. This 
pamphlet is styled **De Molvccis,” and from the descriptions 
here given^ S^hdner depicted the new portions of his globe, or,, 
in his own words, “being desirous to make some smair addition 
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to thU wonderful survey of the earth, so that what appears very 
extraordinary to the reader may appear more likely when thus 
illustrated, 1 have been at the pains to construct this globe.” 
The differences between this and former globes are considerable, 
and mark a greit advance in geographical knowledge. America, 
instead of tSing broken up into many islands, as in all earlier 
shown as*one large continent of tolerably correct shape ; 
Florida U named for the first time in print; “the Moluccas 
have found a local habitation and their true places, as well as 
many of the real isles of the sea, while all the monsters and 
bogus elements of American geography are made to disappear.” 

The new volume issue<l by Mr. Stevens opens with a long, 
learned, and most interesting introduction by Mr. Cootc, on 
«arty American geography generally, and especially on the 
globes and maps of the first part of the sixteenth century. Mr. 
Coote also narrates the life of Schoner, and fumif^es an 
estimate of h's services to geography. One of his discoveries 
relating to Schoner is that the place-name Timiripa, from 
which he dates some of his letters, and which has hitherto 
puzzled all students, is merely the translation of part of the name 
of a small pariah of which Schoner was pastor. The intro- 
duction is followed by a facsimile of Schoner’s letter of dedica- 
tion of the globe to the Canon of Bamberg, by the letter of 
Maximilian us, and by translations of both, as well as by a 
bibliography of Schoner’s works. But, next to the introduction, 
the portion of the book which will receive most attention will 
be the facsimiles at the end, which are as follows; (i) the 
fadtous Hunt-Lenox globe, attributed to 75^‘'7 ' Bou- 

longer globe, supposed to have been executed in 1514-17 ; (3) 
Schdper’s first globe of 1515 ; (4) his second globe of 1520; (5} 
the third globe of 1523. “ being the earliest geographical docu- 
ment.to delineate the first circumnavigation of the earth by the 
Spaniards, 1519-22”; (6) the Portuguese so-called Cantino 
map of 1502. The reproduction of the letters of Schoner and 
Maximllianus Transylvanus have been done in exact facsimile 
by the phototypographic process, all the defects and peculiari- 
ties of the originals appearing with faithful minuteness. The 
long-lost globe c. -insists of twelve gore^, and its distinguishing 
feature is a line drawn completely round the circumference, 
showing the route of Magellan's fleet in the first circumnavigation 
of the earth. 

The following message from Mr. Joseph Thomson and Mr, 
Harved Crlchton-Browne, transmitted by the Eastern Telegraph 
Company's cable from Tangier, has been sent to the Royal 
Society, the Royal Geographical Society, and to the friends of 
the explorers: — “City of Morocco, July aS, — We returned to 
Amsmu across mountain!!, safe and well, July 24 ; many in- 
teresting geographical and geological notes so far successful 
beyond our expectations. We were prevented going direct from 
Olamoa toGundaffy by tribal revolt. We shall start on August 6 
/or third trip across the Atlas, further souch-west this time.” 


THE GASES OF THE BLOOD} 

1 . 

PRESIDENT AND GENTLEMEN,— The subject I 
have chosen is a consideration of the weous constituents 
of the blood in relation to some of the problems of respiration- 
This has been selected both because it deals with a province of 
physiology in which there are many profound problems connected 
with the molecular phenomena of life, and also because it gives 
me the opportunity of ilhmrating some of the methods of physio- 
logical research. I purpose to treat the subject chiefly from the 
physical stand-point, and to demonstrate some of the phenomena 
•as I would endeavour to do to a class of students, believing that 
this will be of more interest to many of my audience than if I 
placed before you anything like an encyclopedic account of 
recent researches. I cannot help adding that as I apeak in the 
class-room of one of the most distinguished physicists of the day, 
I feel the genius of the place is hovering over me, and 1 win ^ 
impelled to guide you to the borderland of physics and of 
physiology. It is in this territory that we meet with the most 
profound questions regarding the nature of vital activity, and it 
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is here that the physiologist and the physicist must Join hftnds in 
working out their solution. 

Resmtatton may be shortly defined as the function or group of 
functions by which an interchange occurs between the gases 
formed in the tissues of a living being and the gases of the 
medium in which it lives. It is interesting to take a brief survey 
of the investigations which laid the foundations of our know- 
ledge of this subject, os it illustrates to us the fact taught by the 
history of all sciences that those truths which we now regard as 
elementary were at one time unknown, and have been gained 
only by laborious inquiry. 

The oldest writers do not appear to Have had any clear notions 
even as to the necessity for respiration, llipimcrates dimly 
recognized that during breathing a spirilus was communicated 
to the body. Many of the older anatomists, following Galen, 
thought that the “ very substance of the air got In by the vessels 
of the lungs to the left ventricle of the heart, not only to 
temperate heat, but to provide for the generation of spirits,” 
This notion of cooling the blood was held by Descartes (159^' 
165b) and his followers, and seemed to them to be the chief, if 
not the sole, use of respiration. In- addition, they supposed it 
aided in the production and modulation of the voice, in coughing, 
and in the introduction of odours. The celebrated Van Hmmont 
{1577-1664) strongly expresses these views, and attaches 
particular importance to the necessity for cooling the blood, 
which otherwise would become too hot for the body. 

About the middle of the seventeenth century clearer notions 
began to prevail. These rested partly on an anatomical and 
partly on a physical discoveiy. Malpighi (1621-94) discovered 
that the minute bronchial lubes eml in air vesicles, or mem- 
branous cavities, as he termed them, on the walls of which, in 
the frog, he saw with his simple microscope the blood flowing 
through capiliaries. This pulmnnary plexus was for many years 
termed the “rcie mirabile Malpighii.” The physical observa- 
tions were made by the celebrated Robert Boyle (1627-91), who 
describes in his treatise entitled ** New Experiments, Physico- 
Mechanical, touching the i>pring of the Air,” publ)she<t in 1662, 
numerous experiments as to the behaviour of animals in the 
exhausted receiver of the air-pump. He showed that the death 
of the animals ** proceeded rather from the want of air than that 
the air was over- clogged the steam of their l3odies.” He also 
sliowed that fishes also enjoyed the benefits of the air, for, said 
he, “there is wont to lurk in the water many little parcels of 
interspersed air, whereof it seems not impossible that fishes may 
make some use, either by separating it when they strain the 
matter thorow their gills, or by some other way.” 

His conclusion is “that the inspired and expired nir may be 
sometimes very useful by condensing and cooling the blood ; ” 
but “ I hold that the depuration of the blood in that passage is 
not only one of the ordinary but one of the principal uses of 
respiration.” Thus, by the use of the air-pump, invented by 
Otto von Guericke about 1650, Boyle was able to make a 
contribution of fundamental importance to physiological 
science. 

He also first clearly pointed out the real cause of the influx of 
air into the lungs. The older anatomists, from Galen downwards, 
held that the lungs dilated actively, and thus sucked in the air ; 
and there was much controversy as to whether the chest, with 
the contained lungs, resembled a pair of bellows, which was 
filled because it was dilated, or whether the lungs resembled a 
bladder, which is dilated because it » filled. Boyle shows 
clearly that the cavity of the chest is actively dilated, and that 
the lungs are distended because the “spring ” of the air is then 
less on their outer than on their inner smftice. ThU simple ex- 
planation was not {generally accepted, because the minds of 
jBoyle’s contemporaries were under the influence of an ancient 
idea that air existed in the cavity of the chest external to the 
lungs. This prevented them from seeing the simplicity and 
accuracy of Boyle's explanation, and to be constantly on the 
outlook for some mechanism by which the lungs could acUvely 
dilate. Such notions were held by WitlU, Malpighi^ and 
Erasmus Darwin. The opinion of Darwin is shown by the 
followintf passes in the “ Zoonomla ” 

“ By t tie stimulus' of the blood in the right chamber of the 
heart, the lu^s are induced to expand themselves, and ilie 
pectoral and intercostal muscles and the diaphragm act 
same time by their associations with them.” And, 
thnte iocrea^ aetions of the air-cells are supetiiddedr thw of 
the intercostal muscles and diaphragm, by irritative aisociatloti.” 
Boyle’s ob^vations were puldi&sd id 1660, and in 
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find JBotrelli (1608-79), in the second portion of hi$ (freat work 
** De Motu Antmalium," mving expression to very clear notions 
regarding respiration. Thus in the eighty-second proposition he 
shows tlut the lungs are not the effective causes of respiration, 
but are passively concerned in the movements ; and in the 
eighty-third pro|K>sition he states that the cfhcient cause of in- 
spiration ii the muscular force by which the cavity of the chest 
is increased and permits the lungs to be filled by the elastic 
force of the air. Borelti was also the first, as shown in the 
eighty-first proposition of his work, to make an estimate of the 
(quantity of air expelled by a single expiration. At the same 
time he attributed calm expiration to the elastic resiliency of the 
rib(^ and he pointed out that the deepest expiration couM not 
entii^ly empty the lungs of air (Propositions 92, 93, and 94). 
Whilst Borelfi thus recognised the air as necessary to animal life, 
he naturally failed in explaining why this was so, being unac- 
quainted with the com position of the air and of the so-called 
** fuligineous vapours"' (carbonic acid, aqueous vapour, &c.) 
which were supposed to exist in expired air. 

I find, in a work by Swammerdam (1637 80), dated 1667, 
and entitled “Tractates Physico-Anatomico Medicusde Respira- 
tione usuque Pulmonum," at pp. 20, 21, a description of an 
experiment in which he immersed in a vessel of water a dog 
having a long tube inserted in the trachea, and he observed the 
rise and fall of the level of the water daring respiration. This 
was practically the method followed hy Borelli, but I am unable 
to say which experiment was fiVst perurmed. 

Here I may also refer to the curious experiments of Sanctorius, 
Professor of Medicine in Padua, who flourished from 1561 to 
1636, as beii^ probably the first quantitative estimate of sub- 
stances escaping from the body. Sanctorius constructed a balance 
by which he weighed himself repeatedly, and observed what he 
gained hy food and what he lost by excretion. The results 
appeared in his work “ Ars de Statica Medicind,'* published in 
1614, and he states the amount of matter separated by pulmonary 
exhalation at about half a pound in twenty-four hours. It is not 
easy to say precisely what these figures represent, and therefore 
we find the amount, on the authority of Sanctorius, differently 
stated by writers during the next century. His observations are 
of interest, however, as being a distinct stv*p in physiological 
invenigation. 

Among the contemporaries of Doyle, Pascal, Spinosa, Barrow, 
Newton, and Leibnitz^all men of the first intellectual rank — 
WM Dr, Robert Hooke, one of the most versatile and able of 
scientific thinkers. Hooke was bom in 1635. and died in 1^03. 
One of the founders of the Royal Society, its early Proceedings 
show that there was scarcely any department of science at the 
time to which he did not make important contributions. In 
particular, he showed a remarkable experiment, in October 1667, 
to the Royal Society. This experiment, as detailed in Lowthorp's 
“ Abstract of the Philosophical Transact! vol. iii. p, 07, 
show^ (hat it was the fre b air, and not any alteration in the 
capacity of the lungs, which caused the renewal of the heart’s 
beat. It has been said that a similar experiment was performed 
by Vesalius, but with this difference, that, whilst Vesalius observed 
the fact, he failed in giving a rational explanation. He supposed 
that the movements of the lungs affected the movements of the 
heart, but he did not see, as Hooke did, that the heart moved 
because it was supplied with blood containing fresh air. Hooke's 
experiment is one also of great practical importance as being the 
basis of the modem practice of using artificial respiration in cases 
of Impending asphyxia. 

We thus see that the necessity of a continual supply of fresh 
air was recognized os being essential to life. It was further sur- 
mised that air imparted something to the blood, and received 
something in return : but no further advance was made in this 
directim until the researches of Mayow, a n»me now famous in 
the early history of chemistry and of physiology. John Mayow 
WM born in 1645, the early age of thirty-four, HU 

principal work was published in Oxford in 1674. In it, by many 
experiments, he showed that combustion diminishes 
Volume of the air and alteix its qualities ; (hat respiration 
wsoaflfaots the quality of the air ; that an animal will die if kept 
in a coafiiied apace full of air fact tq be explained, according 
to Muyowy by saying that the animal had used the respirable 
^rtianpf the air, and that the residue was unAt for life t and, 
Hi^kowed that an animal eafifers If placed in anatmo- 
Sphwe tbd qaaihies oC wldch Ipive been induced Iv combustion. 

^ ^ nltro^aiitki apirHtts" to the 

air which, he said, had to do wil^ life, 


muscular action, and combustion. Thus he no doubt came near 
the discovery of oxy^, made by Priestley nearly a century later. 
It would be difficult to estimate the enormous influence on 
theories of combustion and of respiration exerted by the re- 
searches of Doyle, Hooke, and Mayow. They prepared the 
way in physiologies] science for the next great step— namely, 
the identification of the gaseous elements contained in respira- 
tion. The dependence of progress in physiology on the state 
of scientific ouinion regarding chemical and ])hysical questions 
could not be better illustratecf than in the history of physiologi- 
cal ideas regarding respiration. Thus the researches of Boyle 
with the air pump did much to explain the mere mechanism of 
breathing. Hoolce mode this even more apparent, and Mayow 
gave greater precision to the idea that in respiration the blood 
lost something and gained something. It is difficult to deter- 
mine precisely, after the lapse of time, the contributions made 
by each of these distinguished observers, who were contem- 
poraries ; but I would venture to say that the germ of the ideas 
that Iwre fruit in the minds of Hooke, and more especially of 
Mayow, may be found in the writings of Robert Boyle. 

The researches of Mayow, indicating the existence in the air 
of a “ nitro-aerial spiritus " necessary to life, and the pre.sence 
in expired air of something deleterious to life, did not imme- 
diately produce the fruits one would have cxj^ected. At first, 
his writings attracted considerable attention ; they passed through 
two or three editions, and were translated for Contiuental 
readers ; but from the beginning of the eighteenth century, 
nearly twenty years after Mayow’s death, they passed almost 
into oblivion. 'I'hus Hales vaguely refers to him in only two 
instances, and, as slated by Bostock, ** in the discourse delivered 
by Sir John Pringle before the Royal Society, upon the a'wi^n- 
ment of Sir Godfrey Copley's medal to Dr. Priestley, which 
commences with a sketch of the discoveries that had been made 
in the science of aerology, previous to the period when this 
phibsopher entered upon his experiments, the name of Mayow 
IS not mentioned," 

Mayow's writings were first again brought into notice in this 
country by Reinhold Forster, who gave a summary of Mayow's 
views in an introduction to his translation of Scheele's essay on 
“Air and Fire." 

As another example of how Mayow's observations were neg- 
lected, it may be pointed out that Boerhaave {1668-1738), one 
of the most learned men of his time, states that he cannot ex- 
plain the change which the air experiences by respiration ; and 
even Haller, in his great work “Elcmenta Physiologise Corporis 
Hurnanl," published in 1766, sums up his knowledge regarding 
expired air by stating that it is combined with a quantity of 
water and a noxious vapour, and has its elasticity diminished. 

The next step in the physiology of respiration was the dis- 
covery, in 1754, of carbonic acid, by Joseph Black, then Professor 
of Medicine and Chemistry in this University. About this time 
there was much discussion in the medical world as to the use of 
lime-water in cases of stone and gravel. It was supposed that 
the lime-water dis-solved calculi, and ,i8swted in extolling them 
from the body. A discussion arose a.s to the virtues of lime- 
water produced from different substances. Two Professors in 
the University of Edinburgh — Alston and Whytt—sp^ally in- 
vestigated the subject, and Whyti asserted that the lime-water 
of oyster- shell lime had more power as a solvent than the lime- 
water of common stone lime. This led Black to examine the 
(Question. “I therefore, " says he, “conceived hopes that, by 
trying a greater variety of the alkaline earths, some kinds might 
be found still more different by their qualities from the common 
kind, and perhaps yielding a lime-water still more powerful 
than that of oyster-shell lime." 

This led Black to his celebrated investigation on magnesia. 
He showed that in the case of magnesia alba (carbonate of 
magnesia) the disappearance of the effervescence on treatment 
with an acid after heating was accompanied by a loss of weight. 
The sulwtance thua given off he called “fixed air," or what we 
now term carbonic add. This led to an examination of the salts 
of lime, and in 1757 he made two important physiological dis- 
coveries, namely i (r) that the fixed air was injurious to animal 
life; and (2) that fixed air was produced by the action of 
respiration. These important observations are thus described in 
hU own words the same year, however, in which my first 

account of these eJeperiraents was published-— namely, 1757 — I 
had discovered tlMU this particular kind of air, attracted by 
alkaline substances, is deaaly to all animals that breathe it 1^ 
the mouth and mistirils together ; but that if the nostrils were 
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kept ahtit, I was led to think that it might be breathed with I 
satety. 1 found, for example, that when sparrows died in it in 
ten or eleven seconds, they would live in it for three or four ! 
minutes, when the nostrils were shut by melted suet. And I 
convinc^ myself that the change produced on wholesome air by 
breathing it, consisted chiefly, if n )t solely, in the conversion of 
part of It into flxejl Air. For I found tlmt i>y blowing through a 
pipe into Ume*water^ or a solution of camiic alkali, the li ne was 
precipitatcdi and the alkali was rendered mild. I was partly 
led to these experiments by some observat'ons of Dr. Hales, 
in which he says that breathing through diaphragms of cloth 
dipped in alkaline solutions made the air lost longer for the 
purposes of life. 

Fifteen years afterwards— namely, in 1772— Joseph Priestley exa- 
mined the chemical effects produced by the burning of c indies 
and the respiration of animals upon ordinary air ; and he made 
the important discovery that, after air had lo>t its power of sup- 
porting combustion, as by the burning of candles, this properly 
mightoe restored by the agency of plants. Pushing his experi- 
ments still further, he found that air, d^terio ated by the 
breathing of animals, might again become suitable for respiration 
by the action of plants. In these experiments he employed 
mice for ascertaining how far an air was impure or unfit for 
respiration. In 1774, Priestley obtained oxygen by heating red 
precipitate by means of the sun s rays concentrate 1 by a burning- 
glass. This led to an investigation of the constitution of the 
atmosphere, and it was shown that it was not a homogeneous 
elementary body, but consisted of two gases, and that its con- 
stitution was remarkably uniform. Priestley showed that by fer- 
mentation, combustion, the calcination of metals, and respiration, 
the air lost a portion of one of its constituents, oxygen. 

Thus the chemical researches of Black and Priestley proved 
that in respiration oxygen was consumed and carbonic acid 
produced, although the latter fact, owing to the theoretical 
views of Priedley as to phlogiston, was not fully appreciated 
by him. 

Within a year after Priestley's discovery, a piper on respira- 
tion WM Written by Lavoisier (1743 -94), In which he showed 
that Priestley was correct in stating that the air lost oxygen in 
breathing, but Lavoi-ier specially pointed out that it had gained 
ca'-bouic acid No doubt Lavoisier was well acquainted with 
Black’* reseorchei, as is shown by the correspondence between 
the^e distinguished men. Lavoisier was the first, however, to 
make a quantitative examination of the changes produced in the 
air by breathing. In 1780, he performed a remarkable experi- 
ment, in which a guinea-pig was confined over mercury in ajar 
coniaininn 248 cubic inches of gas consisting principally of 
oxygen. In an hour and a quarter tne animal breathed with much 
difficulty, and, being removed fron the apparatus, the state of 
the air was examin^. Its bulk was found to be diminished by 
8 cubic inches, and of the remaining 240 inches, ip were absorbed 
by caustic potash, and consequently consisted of carbonic acid. 
Still later, he performed a mare accurate experiment, giving 
quantitative results. During 1789 aud 1790, by a special ap- 
paratus, Lavoisier and his triend .Seguin attempted to measure 
the changes in the air produced by the breathing of man. These 
researches are not of value so much for the results they gave as 
for the method employed. Lavoisier constructed a still more 
elaborate apparatus, with which he began experiments. This 
research, however, he never finished, as, in 1794, he fell a 
victim to the blind fury of Robespierre. It is narrated that he 
earnestly requested a respite of a few days to give him time to 
prepare fur publication the results of hu investigations. This 
was denied, and thus perished one of the greatest scientific sods 
of France. 

Siephen Holes (1677-1761) attempted to measdre the amenmt 
of aqueous vapour given off by the lungs by breathing through a 
flask filled with wood-ashes, which absorbed the moisture, and he 
estiipated the amount at about 20 ounces in twenty- four hours. 
Similar oUervations were afterwards ma le by Menzies and by 
the eminent surgeon, Mr. Abernethy. Lavoisier also attacked 
the problem by an indirect method. Thus he determined the 
quantity of oxygen cjiisumed an<l of carboriic acid produced, 
amb ossurainjt that the amount of oxygen was more than 
suffieient to form the carbonic acid, he came to the conclusion 
that the excess united with hydrogen in the lungs, and passed 
off as ;Water. As may be supposed, this method gave widely 
different results. 

Various other attempts w’erc made to estimate the amouiW of 
the respiratory changes. In particular, Sir Humphry Davy, in 
March i 79 S> investigated the physiological action of hitrous 
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oxide gas. In this research, publidied in 1800, he he^n by 
observations upon animals ; anti observations as to the enhot of 
the gas on life, on muscular irritability, on the action of the 
heart, and on the c:)loaf of the blood are recorded with great 
precision, He then passed on to observations on the resplrAtton 
of hydrogen, and this led him to a repetition of the experiments 
of Lavois er and Gaodwin. Next he subjected himself and friends 
to experiment, and recorded a number of interesting physiological 
and p-ychicai phenomena. This research is of great histtmcal 
interest ns being the first leading to the discovery of a method 
of prcwlucing amesthesia, or insensibility to pain, by breathing 
vapours or gases. 

Another eminent man who contributed largely to the physio- 
logy of respiration was Lazarus Spallanzani, who was bom in 
1729 and died in 1799. He was educated under the direction of 
the Jesuits. When about sixteen year* of age he went to Bologna, 
and studied at that University, specially under the tuition of his 
cousin, t^iira Bassa, a woman celebrated in her d^ for eloquence 
and scientific knowledge, and who was then a rrofeasor in the 
Univeriity. His biographer, Senebier, says : — “ Under the 
direction of this enlightened guide he learned to prefer the study 
of Nature to that of her commentators, and to estimate their 
value by comparing them with the originals they professed to 
describe. Tlic scholar at once perceived the wisdom of these 
counsels, and quickly experienced their happy effects. He 
evinced his gratitude to his instructress in a Latin dis.sertatiun 
published in 1765, which was dedicated to Laura Bassa, and in 
which he recounted the applauses she received at Modena when, 
entering the hall, where her pupil, on being appointed a 
Professor, was defending a thesis, ‘ De Lapidibua «b AauA 
Resilientibus,' she opposed it w.th the graces of an amiable 
woman and the wisdom of a profound imilosopher." 

Spallanzani became Pmfes or of L^gic, M.uh<!matic-, .and 
Greek in Reggio in 1754, and about this date he published re- 
searches on Infusoria. In 1760, he beertme Professor in the 
University of Modena. In 1765, he showed that many micro- 
scopic animalcula were true animals, and in 1768 he published 
his celebrated researches on the reproduction of portions of the 
body removed from worms, snails, salamanders, and toads. He 
paid special attention to the great question of spontaneous 
generation, showing that infusi ins of animal and vegetable sub- 
stances exj>os?<l to, a high temperature, an<l hermetically sealed, 
never produced living things. He also investigated respiration, 
more particularly in invertebrates. He proved that many suoli 
animals breathed by means of the skin as well as by the special 
breathing organs. Me placed many animab, but more especiftHy 
different species of worms, in at mo pheres of hydrogen and 
nitrogen, and found that, even in these circumstances, carbonic 
acid was produced. He also showed the production of carbonrc 
acid by the dead bodies of such animals, and reasoned from this 
that the carbonic acid was produced directly ftoJS the dead 
tissues and not from the action of the oxygen of the air. He 
contrasts the respiration of cold-blooded and warm blooded 
animafe, and sh^ws the peculiarities of respiration in hibernating 
animals. Nor were these by any means superficial observatiOuf. 
They were usually quantitative, and by the use of the eudfe- 
meter, he analyzed the air before and after respiratloii. 
Probably the most important contribution nmde by SpattkriaMwii 
to the subject was showing what he states in the followii^ 
paragraph ; — 

“I inquire not here why the quantity of carbonic add gavwas 
greater in azotic and hydrogen gas than in common air.. I shall 
only conclude, from these experiments, that it is dearly prqved 
that the carb lulc acid gas prtmuced by the living and dead snails 
in common air resulted not from atmospheric oxygen, sHide an 
equal and even a greater quantity of it was obtained in azotic and 
hydrogen gas ; consetjuently, in the oxygen gas destroyed hy’the 
presence of these animals, its base alone is absorbeci by diem 
cither during life or after death,” 

Btn Spallanzani supposed that die carbonic acid thui produced 
was formed by digestion in the stomich, parsed thrbugh tllic 
tissues, and was then exhaled. Thus he missed A great stAp In 
discovery^-^namely, that the caibonlc acid Is ijrqodced ^ 
tissues themselves. It was, however, pointed oUt in 18*3, by W. 
F, Fdwards, in his work on the Inflttence of Phydcai AfeiflAs 
on Life,” that the amount of carbonic acid by. amisltl 

breathing was too great to be accounted fur by the arntrAitt bf 
oxygen in their lang-i at the beginmug of tJte dxperJmeht, b^'by 
carbonic acid supposed to be In the Acomadh. The ImpmMktw of 
this observation will be seen when we diicdxi the pf 

the breathing of the tfesuts, ' . 1 
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Is th« subject of a^sutic breathing was investigated with 
great care by PiroTen9aI and Humboldt* They collected and 
analysed the (jaaeb of water before and after hshes had lived in it 
for a -certain time, and showed that oxygen was consumed and 
carbonic acid produced by these creatures. 

We have now seeirhow gradually knowledge was arrived at os 
to the respiratory exchanges. At the beginning of the present 
century ft was recognized that expired air had lost oxygen, 
gained carbonic acid and aqueous vapour, and had become 
hotter. ^ Since then many researches nave been carried on to 
determine with accuracy the quantities of these substances. ]n 
all of these, as shown in these diagrams,^ the method followed 
bos been to draw through' a chamber containing the animal a 
steady constant stream of air, the quantity and composition of 
which is known. Thus, suppose a certain quantity of dry air, 
free from carbonic acid, and consisting only of oxygen and 
nitrogen, is passed through such a chamber. In the chamber 
some of the oxygen is consumed, and a certain amount of 
carbonic acid and of aquepus vapour is given up by the animal. 
The air U drawn onwards through bulbs or class tubes contain- 
ing substances such asbaryta-water, to absorb the carbonic acid, 
and chloride of calcium or sulphuric acid, to absorb the aqueous 
vapour. It is evident that the increased weight of these bulbs 
and tubes, after ihe experiment has gone on for some time, will 
give the amounts of carbonic acid and aqueous vapour formed. 
Thus Andral and Qavarret in 1843, Vierordt in 1845, RegOauU 
and Keiset in 1849, von Pettenkofer in i860, and Angus Smith 
in 1862, determined the quantities both by experiments on animaU 
and on human beings. 

The results are — first, the expired air, at its own teittper- 
ature, is saturated with aqueous vapour ; secondly, the expired 
uir ia le^ in volume than the inspired air to the extent of about 
onC’ fortieth of the volume of the latter ; thirdly, the expired air 
contains about 4 per cent, more carbonic acid and from 4 to 5 
per cent, less oxygen than inspired air ; fourthly, the total dally 
excretion of carbonic acid by ap average man amounts to 800 
grammes in weight, and 406 lilies in bulk. This amount of 
carbonic acid represents 218*1 grammes of carbon and sSi'9 
grammes of oxy^n. The amount of oxygen, however, actually 
consumed is about 700 grammes ; so that nearly 120 grammes of 
oxygen absorbed are not returned by the lungs, but disappear in 
the body. It must be remembered, however, that carbonic acid 
escapes by the skin and othpr channels. These figures may be 
taken as averages, and are subject to wide variations depending 
on nutritional changes. 

There is, however, another side to the problem of respiration 
—namely, a consideration of the chemicoj changes involved in 
the process. 

According to Lavoisier, respiration was really a slow combus- 
tion of carbon and of hydrogen. The air Hupplied the oxygen, 
and tl^e blood the combustible ' materials, ihe greiut French 
chemist, however, did not entirely commit himself to the opinion 
that the combustion occurred only in the lungs. He says that a 
portion of the carbonic acid may be formed immediately in the 
lung, or in the blood vessels throughout the body, by combina- 
tion of the oxygen of the air with the carbon of the blood, 
i.avoisier's opinions were understood correctly by only a few 
<>f his confemporaries, and a notion prevailed that, according to 
him, coml^tion occurred only in the lungs, and that the changes 
in these organs were the main sources of animal heat Such a 
notion, however, was contrary to the opinion of the great matbe- 
matictan t^ag^range, aniKHinced in 1791, a few years after the 
first toblkation of J^avoisier's on respiration. Lagrange saw 
lhat, if heat trere produced in the lun^ alone, the temperature 
^ tbeic organs m^^ht become 09 high as to destroy them ; and 
he therefore tuppoaed that the oxygen » simply dtsaolved in the 
blood, and in that fluid combmed with carbon and hydrogen, 
forming caeboBic acid and aeneous vafXMur, which were then set 
free in ^e IttHgx; It will be observed that this opinion of 
Lagrange fo rypi was {uacticaUy the same as that atated by 
LavdisiOf in 1789. y 

Now, If the p^aetfoa of earbonic acid in a given time de^ 
pended of turygen aupplfod in 3ie same time, 

these vlewi of tavoisler and . Lagrange would be correct ; but 
hMOIaiHfianl had i^oam:thet eertain anims coi^tied in an ahno- 
tiphefo pr piteckguo or of 'hydrc^ea e:^mM carbonfo add to 
dmoft as great an. •osHlm m if they had breathed air. He wm 
ihenlfoiwehjligedt^ peeHrloualyeidated inthe 

lad ^et Its ailijeaeanoe otwdd not be aoobaiued ftft by the 

' !|pfo|raim aahlliieed Ml wall. 


union of ox^en with the carbon of the blood. Spallaneani 
therefore thought that in the lung there was simply an exhalation 
of carbonic acid and an absorption of ox)^en, These Views 
were supported by the experimentfi of W. Edwards, published 
in 1824. Edwards showed that animals in an atmosphere of 
hydrogen produced an amount of carbonic acid not to bo 
accounted for by any oxygen supposed to exi^t free in the body. 
In 1830, Collard de Martigny performed many similar experi- 
ments, and stated that carbonic acid was secreted in the 
capillaries and excreted by the lungs. This opinion was 
supported by Johannw MUller, who repeated the experiment* of 
Spallanzani. 

It might thus be said that two theories of respiration were 
before physiologists— the One, that combustion occurred in the 
lungs or venous blood, furnishing carbonic acid and aqueous 
vapour, which were exhaled by the lungs the other, that there 
was no such combustion, but that oxygen was absorbed by the 
lungs and carried to the tissues, whilst in these carl>onic acid 
was secreted, absorbed by the l>lood, carried to the lungs, and 
there exhaled. Some writers, >oon after Lavoisier, misunder- 
stood, as I have already stated, the opinions of that distinguished 
man, and Caught that in the lungs themselves there was a separa- 
tion of carbon, which united immediately with the oxygen to 
form carbonic acid. But this wo* really not Lavoisier's opinion : 
and we have to do, therefore, with two theories, which have 
been well named— the theory of combustion, and the theory of 
secretion. 

The difficulty felt by the older physiologists in accepting the 
secretion theory was the absence of proof of the existence of free 
oxygen and carbonic acid in the blood. This difficulty also met 
those who rejected the notion of combustion occurring in the 
lungs, and substituted for it the idea that it really occurred in the 
blood throughout the body, because, if this were true, free gases 
ought to be found in the blood. Consequently, so long as physio- 
logists had no definite knowledge regarding gases in the blood, 
the combustion theory, in the most limited sense, held its ground. 
This theory, although fruitful of many ideas regarding respira- 
tion and animal heat, was abaodonM in consequence of the 
evidence afforded by two lines of inquiry — namely, researches 
regarding the gases of the blood, and researches as to the 
relative temperature of the blood in the right and left cavities 
of the heart. 

l.et me first direct your attention to the gradual development 
of our knowledge regarding the gases of the blood. The re- 
markable change in the colour of the blood when it is exposed 
to, or shaken up with, air w'as observed so long ago as in 1665 
by Fracassati, and is also alluded to by Lower (1631-91), Mayow, 
Cigna (1773), and Hewson (1774) ; but Priestley was the first to 
show that the increased redness was due to the action of the 
oxygen of the air, and that the blood became purple when agi- 
tated with carbonic acid, hydrogen, and nitrogen. The presence 
of m in the blood was first observed about 1672 by Mayow. I 
find in a paper of Leeuwenhoek (1632-1723), entitled ** The 
Author’s Experiments and Observations respecting the (Quantity 
of Air contained in Water and other Fluids,” published in 1674, 
a description of a method devised by this ingenious man for de- 
tecting the existence of air in certain fluid*, and amongst them 
in the blood. It consisted of a kind of syringe, by which he 
was able, to produce a partial vacuum. He then observed 
liabbfes of gas to escape, and he estimated, in the case of human 
blood, that the air in the blood amounted to i/iooo or 2/1000 
part of the volume of the blood. He argues, from this interest- 
jW observation, against one of the prevalent medical theories 
olthe time* that various diseases were caused by fermentations 
in the blood. How, aakl he, was such a theory consistent with 
the existence of so sma’l a quantity of gas ? He made the 
mistake, from the inefficiency of his apparatus, of stating that 
blood, when it tssnes ftoox the veins, contains no air* 

Gas was also obtained from the blood in 1799 by Sir Humphry 
Davy, in 1814 by Vegeh in f8i8 by Brand, in 1833 by Hoffinann, 
and m 1835 ^ Stevona. On the other hand, John Davy, Berg- 
! mann, Johanoes MIHler, Mitsehcrlich, Gmelin, and Ticdemann 
I failed in oUAiamg ahy gas. The first group of observers, either 
by beating the bl^d) or by allowing it to flow into a vacuum, or 
by paaslng ihrongh It a strwam of hydrogen, obtained small 
quantities of carbonic acid* Sir Humphry Davy was the first 
to collect a email qitiMiity of oay^ from the blood. Tohn 
DtkHy, by aq ertWMewa method of inveatigation, was led, in 
1828, to deny that dm blood cither absorbed oxygen or gave 
off carbonic acid. He waa shown to be wrong, in 1830, by 
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ChristUon, who devised a simple method of demonstnuing the 
feet. 

So lone AS the evidence in favour of existence of giues in 
the blood was so uncertain, the combustion theory of respiration 
held its own. At last, in 1836, ^peered the researches of 
Heinrich Gustav Ma^us, latterly Professor of Physics and 
Technology in th% University of Berlin. He first attempted to 
drive off carbonic acid from the blood by a stream of hydrogen, 
and thus obtained as much as 34 cubic centimetres of carbonic 
acid from 63 '9 cubic centimetres of blood. He then devised a 
mercurial air-pump, by which it was possible to exhaust a re- 
ceiver to a much greater extent than could be done by the ordinary 
air-pump. When blood was introduced into such a vacuum, 
considerable quantities of carbon acid, oxygen, and nitrogen 
were obtained. This research marks an epoch in physiologi^l 
discovery, as it threw a new light on the function of respiration 
by demonstrating the existence of gases in the blood. 

In order to appreciate the value of this evidence, and the 
method employed, let me direct your attention to the laws re- 
gulating the diffusion of gases. As a mass of gaseous matter 
nos no independent form, like that of a solid body, nor a fixed 
volume like that of a liquid, but consists of an enormous number 
of molecules which, in consequence of their mutual repulsions, 
endeavour more and more to separate from each other, it is 
easy to see that if two masses of gas are brought into contact, 
they will mix^that is, their molecules will interpenetrate, until 
a mixture is formed containing an equal number of the molecules 
of each gas. The force by which (he molecules repel each other, 
and by which they exercise pressure in all directions, is known 
as the pressure or tension of the gas. It is evident that the 
greater the number of gas molecules in a given space, the greater 
will be the tension of the gas, and from this it follows that the 
tension of a gas is in the inverse proportion to its volume (this is 
known as Boyle’s law). SuppW now that two gases are 
separated by a porous partition ; the two gases will mix, and 
the rapidity of the diffusion will vary according to the specific 
weight of the gases. Thus light gases, like hydrogen or coal< 
gas, will diffuse more quickly than sur, or chlorine, or carbonic 
acid. 

It is important also to note the laws regulating the absorption 
of gases by fluids. If we allow a little water to come into con- 
tact with ammonia gas above mercury, the gas is rapidly 
absorbed by the water (1 volume of water absorbs 730 volumes 
NHg) all the gas above disappears, and in conseouence of this 
the pressure of. outer air drives up the mercury in the tube. The 
higher the tempsratur e of the fluid the less gjas it abforbs. At 
the boiling-point of the fluid its absorption Is = o, because at 
that temperature, the fluid itself changes into gas. The power of 
absorption of different fluids for the same gas, and the absorptive 
power of the same fluid for different gAses fluctuates between 
wide limits. Bunsen defined the coefneient of absorption of a 
fluid for a gas as that number whidi represents the volume o( 
gas (reduced to o'* and 760 mm. barometric pressure) which is 
taken up by i volume of the fluid. Thus i volume of distilled 
water takes up the following volumes 
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Again, i volume of distilled water at o** C. absorbs 0*00193 
volumes of hydrogen, while it can take up no less than 1180 
volumes of ammonia ; again, i volume of water at o** C. absorbs 
only 0*3563 volumes of olefiant gas, but 1 volume of alcohol, at 
the same temperature, will take up as much as 3*595 volumes. 
The volume of gas absorbed is independent of the pressure, and 
the same volume ofga-* is always absorbed whatever the pressure 
may happen to l)e. But as according to Boyle’s law the density 
of a gas, or in other words the number of molecules in a given 
space, is in proportion to the pressure, and its the weiglit is 
equal to the protfuct of the volume and the density, so whfle the 
volume absorbed always remains the same, ilws quamity or 
weight of the absorbed gas rises and falls in proportion to 4h« 
pessure (this is the law of Dalton and Henry). U therefore 
follows that a gas is to be considered as physically absorbed 
by a fluid, if it separates from it not in volumes but in 
quantities, the weights of which are in proportion to the fiill 
ofjpreMttce. 

When two or more gases form an atmosphere above a flntd, 
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the obforption takes place in proportion to the preiMuy' which 
each of the constituents of the mixture would exercise if it were 
alone in the space occupied by the mixture of gases, because, ac- 
cording to Dahon's kw, one gas docs not exercise any pressure 
on another gas intermingled with it, but a space filled with one 
gas must be considered, so far as a second gas is concerned, as a 
.space containing no gas, or in other words a vacuum. This 
pressure, which determines the absorption of the constituents of 
a gaseous mixture, is termed, according to Bunsen, the partial 
pressure of the gas. The partial pressure of each single gas in 
a mixture of gases depends, then, on the volume of the m 
in question in the mixture. Suppose atmospheric air to be 
under a pressure of 760 mm. of mercury, then, as the air 
conrists of 31 volumes per cent, of O and 79 volumes per 

cent, of N, 7^9 ^ = 159 6 mm, of mercury, will be the 

100 

partial pressure under which the oxygen gas is absorbed, 
while the absorption of nitrogen will take place under a pres- 

Buiie of = 600 mm. of mercury. Suppose, again, that 

100 

above the fluid containing a gas, say carbonic acid, which ha>t 
been absorbed, there is an atmosphere of another gas, sav at- 
mospheric air, then as carbonic acid exists in the olr only in 
traces, its tension is equal to xero, and carbonic acid will escape 
from the fluid until the difference of tension between the carbonic 
acid in the water and the carbonic acid in the air above it has 
been balanced — that is, until the carbonic acid which has escaped 
into the air has reached a tension equal to that of the gas still 
absorbed by the fluid. By the phrase ** tension of the gas in a 
fluid’* is Understood the p^ial pressure in millimetres of mer- 
cury which the gas in question has to exercise in the atmosphere, 
when no diffusion between the gas in the fluid and the gas in 
the atmosphere takes place. 

The method followed by Magnus will now be understood. By 
allowing the blood to flow into an exhausted receiver surrounded 
by hot water, gases were set free. These wtre found to be oxy- 
gen, carbonic acid, and nitrogen. He further made the important 
obs^ation that both arterial and venous blood contained the 
gases, the difference being that in arterial blood there was more 
oxygen and less carbonic acid than in venous blood. Magnus 
concluded that the gases were simply dissolved in the blood, and 
that respiration was a' simple process of diffusion, carbonic acid 
(-Assing out and oxygen passing in, according to the law of 
pressures I have just explained. 

Let us apply the explanation of Magnus to what occurs in 
pulmonary respiration. Venous blood, containing a certain 
amount of carbonic acid at the temperature of the blood and 
under a certain pressure, is brought to the capillaries, which are 
distributed on the walls of the air-vesicles in the lungs. In these 
air-vesicles, we have an atmosphere at a certain temperature and 
subject to a certain pressure. Setting temperature aside, os it 
may be assumed to be the same in the blood and in the air-cells, 
let us consider the question of pressure. If the pressure of the 
carbonic acid in the blood be greater than that of the carbonic 
add in the air-cells, carbonic add will escape until an equi- 
librium is establi^ed between the pressure of the gas in 
the blood and the pressure of the gas in the air-cells. Again, 
if the pressure or tension of the oxygen in the air-cetu be 
greater than that of the oxygen in the venous Mood, nxygen 
will be absorbed until the tensions become equal, 
theory has no doubt the merit of simplidty, but it wlU 
be observed that it d^nds entirely on the assumption that 
the gases arc simply dissolved- in the blood. It was pointed 
out by Liebig that, according to the experiments of Regtiault and 
Keiset, animals used the same amount of oxygen wl^ breathiqg 
an atmosphere composed of that gas alone as when tliey breathed 
ordinary air, and that the vital prooeMes are not mu» affected 
by breathing the atmosphere of nigh altitudes where (he amount 
of oxygen taken in is only about two- thirds of that exlith^ at 
the sea level. It was sdso shown at a much later date, by Lmnsvjg 
and W. Muller, that animals breathing in a confined tpm ofatf 
win use up the whole of the oxygen in the space, and U tselw 
that as the oxygen is used up the partial presaure>of the oxygen 
remaining mum be steadily falling. Uem uiged the view that 
the gases were not simply dissolved inthe mood, but existed In A 
state of loose chemical combraatkm which conld be dissolyedhgr 
the diminished preseure in the vacuum, or the aoUou uf Athtr 
gases. He also pointed out the necessity of acourgtely liklief^ 
mining the coefficient of absorptioii of hloOd for the y as w * *t) Md 
is, the amount absorbed under a pressure offydo mm. of meruikf 
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^ one volume of the ^ at the temperature of the observation. 
The next important observations were those of Fernet » published 
in 1855 and 1857. He expelled the greater part of the gas of 
the blood (dog) by pauing through it a stream of hydrogen and 
then Butoitting it to the action of the air-pump. He then intro- 
duced into the apparatus the gas under a given pressure, the 
absorption coefficient of which he had to determine. He then 
estimated the amount of gas absorbed, under diffierent pressures, 
and found in the case of oxygen that the amount absorbed with 
gradually decreasing increments of pressure was greater than 
what would have been the case had it been in accordance with 
Dalton's law of pressures. The oxygen was not then simply 
dissolved in the blood. Further, Fernet arrived at the conclusion 


as I volttine per cent. It is clear, then, that the gases oif the 
blood do not exist in a state of simple solution, but n)at thev are 
largely combined with certain constltuen.s of the bloods iVke, 
for exanrple, the case of ox)^n. Berzelius showed long ago 
that 100 volumes of water will absorb, at a given temperature 
and pressure, 2 9 volumes of oxygen ; while, in the same cir* 
cumstaaces, too volumes of serum wilt absorb 3't volumes, and 
100 volumes of blood will absorb 9*6 volumes. Something in 
the blood must have the power of taking up a large amount of 
oxygen. 

( To be (otUinutd , ) 


that the greater portion of the oxygen was in a state of combina- 
tion, whilst a small amount was simply dissolved according to 
Dalton's law. 

It is evident, then, that while the amount of oxygen absorbed 
varies with the pressure, it does not do so according to Dalton’s 
law. The amount decreases slowly with pressures below atmo- 
splieric pressure, and it increases very rapidly with pressures 
above it. It is when the pressure in the vacuum is as low as 
one-thirtieth of an atmosphere that the oxygen is given up, and this 
will be about the pressure of the aqueous vapour in the apparatus 
at the temperature of the room, when the experiment is made. 
The view that semething in the blood is chemically united to the 
oxygen is strengthened by the fact that serum does not absorb 
mudi more oxygen than water can absorb, so that blood at a 
teniperaiure of 30“ C. would contain only about 2 volumes per 
cent, of oxygen gas were the latter simply dissolved in the fluid. 
It can also be shown that deflbrinated blood takes up oxygen 
independently of the pressure, and that the quantity of oxygen 
taken up by deflbrinated blood is about equal to the quantity 
absorbed by a solution of pure hsemoglobin containing as much 
of that substance as exists in the same volume of blood. 

By similar experiments mode with carbonic acid, Fernet 
determined that the greater portion of it was in a state of loose 
chemical combination, whilst a small amount was simply dissolved 
according to the law of pressures. Experiments with blood serum 
showed similar resulte as regards caroonic acid, with the differ- 
ence that the coefficient of absorption foi oxygen was much less 
than with ordinary blood. He therefore concluded that nearly 
the whole of the carbonic acid was chemically retained in the 
fluid of the blood, whilst nearly the whole of the oxygen was 
combined with the red blood corpuscles. He then proceeded to 
investigate whether or not the three principal salts of the blood, 
carbonate of soda, phosphate of soda, and chloride of sodium, 
in any way influenced the absorption coefficient of carbonic acid. 
He found (l) that the addition of these salts to distilled water in 
the proportion in which they exist in the serum slightly diminishes 
the absorption coefficient ; (2} that chloride sodium has no 
influence on the absorption coefficient ; and (3) that carbonic 
acid combines with the carbonate and phosphate of soda. 

In the same year (1855) IxUhar Meyer published the results 
of a series of researches of the same nature. Under the direction 
of Bunsen, the blood was diluted with ten times its bulk of water, 
and the gases were collected by boiling the liquid in vacuo at a 
very gentle heat ; a certain amount of gas was tlms obtained. 
He also found that blood absorbs a much larger quantity of 
carbonic acid than pure water at the same temperature, and stated 
that when blood was exposed to oxygen at various pressures the 
quantity of that gas taken up might be regarded os Consisting of 
two portions, oneTollowing Dalton’s law and the other mdepeodent 
of it. 

Further researches of a similar kind have been carried out by 
SetBchenow, Ludwig, Alexander Schmidt, Bert, Pfliiger, and 
others, and ingenious methods of collecting and of analyzing the 
gases have been devised. To Prof. Pfliiger and his pu^U, in 
particular, are we indebted for the most complete sertM of gas 
analyses on record. The result has been to enable us to give 
the average composition of the gases of the blood as follows. 
From ICO volumes of dog’s blood there may be obtained^ 

Oxygen. Ca rbonic A^ d. Nitrogen . 

Arterial 18*4 to aa'd, mean ao 301040 I'Stos 

VeiKMW Mean 11*9 43 to 48 i^S to 2 

the gases being measured at cP C. and 760 mm. pressure. *!>« 
venous blood of many organs may txmtain less than 11 9 per cent, 
of carbonic acid, and the blood of asphyxia may oontam as little 
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THE BATH MEETING OF THE BRITISH 
ASSqcIA TION 

'’PHE arrangements for the Bath meeting of the British Ai^ocia- * 
^ ^ tion are now practically completed. The Reception Room, 
adjoining the Assembly Rooms, will be opened on Monday, 
September 3, at 1 p.m., and on each succeeding week-day till 
Thursday, September 13, at 8 a.m. precisely; on Sunday, Sep- 
tember 9, from 8 to 10 a.m,, and from 3 to 6 p.m. In thji 
building will be the offices of the General and Local Secretaries 
and Treasurers, a post office, telegraph office, telephone, ticket 
office, lodgings, inquiry, excursion, and lost property offices, 
and offices for the supply of all official papers and programmes. 
There will also be lavatories, cloak-rooms, &c., dec. The 
Council of the Association will meet in the Guildhall. 

In the Reception Room there will be offices for supplying 
information regarding the proceedings of the meeting. The 
tickets contain a map of Bath, and particulars as to the roomn 
appointed for the Sectional and other meetings. A list of 
lodgings, or apartments, with prices, &c., and also information 
concerning hotels, and other similar matters, will be furnished 
by the Lodgings Clerk between the hours of 9 a.m. and 6 p.m. 
daily, at No. 13 Old Bond Street, up to i p.m. on Monday, 
September 3, and after that time at the Reception Room between 
the same hours daily. 

The places of meeting, &c., will be in the Assembly Roonn, 
the Driil Hall, and the Guildhall. The Secretaries of Sections 
will be lodged at the While Lion Hotel. The following are the 
Section Rooms A, Mathematics, St. James’s Hall ; B, 
Chemistry, Friends’ Meeting House; C, Geology, Mineral 
Water Hospital ; D, Biology, Mineral Water Hospital ; E, 
Geography, Guildhall ; F, Statistics, Christ Church Hall ; G, 
Mechanics, Masonic Hall ; H, Anthropology, Grammar School ; 
Sub-Sections C and D, Blue-Coat School. 

By the courtesy and liberality of the Directors of the Western 
Counties and South Wales Telephone Company, the whole of 
the Section Rooms will be telephonically connected with the 
Reception Room, and, through the Telephone Exchange* with 
all important places in the neighbourhood, free of any expense 
lo the Local Executive Commutee, or members and associates, 
for the meeting. 

The flrst general meeting will be held on - Wednesday, 
September 5, at 8 p.m. preoMly, in the Drill Hall, when Sir 
H. £. Roscoe, M.P., F.R.S., will resign the chair, and Sir 
Frederick Bramwelt, F.R.S«, President-Elect, will assume the 
Presidency, and deliver an address. According to the Times^ 
Sir Frederick is sure to deal pretty largely with progress in the 
department witfi which his name is so eminently connected. 
With regard to the addresses of the Presidents of Sections the 
Tlw/j mokes the following statement In Ssctlon A (Mathe- 
matics and Physics), Prof. Fitzgerald is President, and the 
subject of his address will i probably be connected with Clerk - 
Maxwell’s theory that electric and magnetic forces are prodneed 
by Ihe same medium that propagates light, and some recent 
mcpcrimcntal proofs of that theoiy. In Section B (Chemistry), 
Pr^. W, A. Tilden, of Bkmmghafn, is President, and his 
address will be concerned with the history of the teaching of 
chemistry prat^ically, and will review the existing p^vlsion fbr 
Relent teaching of chemistiy in this country. Thk will be 
folio^ by some diaonsskm of the methods adtoatty need or pro- 
noscxl for teachn^ chemistry either ns a ooisstihmt part of a 
Ubtial education or for technical ptizposes, together vHth an 
wdeavoar to trace the causes of the of ^ 

English schools in respect to advanced dtuM, atsA espadsily le 
regard to the resulu of ordinal resesrdb. Pixw. Boyd ftawfais 
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ii FrcfeidMM Section C Among other pointB which 

heiiiikolyto discuw will be the foitowing:— Tlml the history 
of life ^on the >««rth the more complex forms have changed more 
sedftly than the sioipfer, because they are more susceptible to 
chaagee in their environment. That in the Tertiary age the 
highest of alJ, or the pUoeatel mammals, are the only forms 
which have changetl with sufficient swiftness to mark the sub- 
divisions of the Tertiary period. They alone are <?» pltitte 
ivolution> The borderland between geology and history will 
be discussed, end the present seriea 01 events shown to belong 
to the Tertiary period. The place of man in the geological 
record will be considered (prc-^laciaJ). The impossibility of 
fixing historic dates for geologiod events will also i>e discussed. 
Outside the written record a sequence of events can alone be made 
out, in which we are ignorant of the length of the intervals, 
In Section D (Biology), of which Mr. Ihiselton Dyer, 
Director of Kew Gardens, is President, no doubt we may 
expect some of those discussions on subjects of general biological 
interest which have been so marked a feature of the Section since 
Prof. Ray Lankesier was its President at Southport. Colonel 
Sir Charles Wilson presides over Section E (Geography), and 
his address will deal largely with the commercial aspects of geo- 
graphy. In Section F (Economics), of which Lord Dramwell is 
President, the Presidential address is likely to be Inief, and will 
deal with the general principles of political economy, and with 
socialism in particular. Mr. W. H. Preece, of the Telegraph 
Department, will preside over Section G (Mechanical Science). 
In his address he will pass under review the various practical 
applications of electricity, with the introduction of nearly all of 
which Mr. Preece has been more or less associated He will 
also probably say something about the present views of the 
theory of electricity, about which practical electricians and pure 
physicists are at entire variance. Finally, in Section H (Anthro- 
pology), the address of the President, General Pitt -Rivers, is, 
like Lord Bramweirs, likely to be short. 

Discourses will be delivered in the Drill Hall — on Friday 
evening, September 7, by Prof, W. E. Ayrton, F.R. S., on “ The 
Electrical Transmission of Power”; on Saturday Evening, 
September 8 (to “ the operative classes ”), by Sir John Lubbock, 
M.P., F.R.S., on *‘The Customs and Ideas of Savage Racc.s ” ; 
on Monday evening, September 10, by Prof. T. G. Bonney, 
F.R.S., on “The Poundaiion Stones of the Earth’s Crust.” 

The Mayor of Bath invites the members and associates to a 
conversazione in the Assembly Rooms on Thursday, September 
6, at 8.30 p.m. The Chairman and members of the Local 
Executive Committee invite the meml>ers and associates to a 
conversazione at the Assembly Roams, on Tuesday, September 
M, at 8.30 p.m. On this occasion the Bath Microscopical 
Society, assisted by the Bristol Microscopical Society, nave 
arranged for a display of objects in the vartous departments of 
natural history, &c. No special cards of invitation will be 
issued to these conversaziones ^ but all memljcrs and associates 
will be admitted on presentation of their tickets. 

The concluding general meeting will be held on Wednesday, 
the I2tb of September, at 2.30 p.m. 

On Wednesday and Thursday, the 5th and 6ih of Septeml^er, 
there will be an exhibition of fruits, flowers, &c., in the Sydney 
Gardens ; to this exhibition all members and associates will be 
admitted on presentation of their tickets. On the J2th and 13th 
of September there will be a horse show in Bath ; but on this 
occasion the members and associates will have no special 
advantages. 

The following are the proposed excursions, arrangements for 
which are in active progress i— 

Saturday, September 8,— Stanton Bury, Stanton Drew, Maes 
Knoll : Bannerdown, Sodburv Camp, Dyrham, Lansdown : Box 
Quarries, Corsham, I^cock Abbey : Bradford, Farleigh Castle, 
Wraxall : Cirencester, Museum and College : Tyther&gton and 
Thorttbury : Swindon, G. W. Works : Berkeley Castle t Wells, vid 
Maesbury and Sheplon Mallet, Ebbor, Wookey Hole ; Barry 
Docks and Cardiff. 

Thursday, September i3.-*Stonehenge, Salisbury, Wilton: 
Silbunr,. Avebury, Bowood, Wanedyke, Beckhamptoit : Stourton, 
Pen Fit?, White Sheet, Longleot : Frome Valley, Nunney 
Wfeafeley x Maesbury, Wells, Glastonbury, Street : Snndford 
and 0 anwell» Cburcbill, Dolbury, Howberrow« Burrington, the 
Charterhouses, Mendip Gorge, Cheddar Cliffs : Severn 
Titunel, Ch^Mtow, Tintem, Wynddiflht tU^odr, Wellow, 


SOCIETIES AND ACADEMIES, 

London. 

Entomological Society, August i.^Dr. D. Sharp, Presi- 
dent, in the chair. *Mr. F. D. Godman, F.K.S., exhibited 
a large number of species of Lepidoptera and Diptera 
recently collected for him in Mexico by Mr. Herbert Smith. 
— Mr, white exhibited parasites bred from Bombyx nemtHa^ 
and a living example of Heterodes gnyoni^ found at Dart- 
ford, and believed to have been introduced with Esparto 
grass from Tunis.— -Mr, Enock exhibited a stem of barley, 
showing the appearance of the plant under an attack of 
Hessian fly. — Mr. Stevens exhibited a number of galls collected 
at By fleet in July last ; also a specimen of Coleophora solitariella^ 
with ichneumons bred from it.— Mr. £, Saunders exhibited a 
specimen of Catephia alchymisia^ captured at St. LeObords, in 
June last. He also exhibited specimens of a rare ant {Anochtius 
^hiliani)^ taken at Tangier by Mr. G. Lewis, One of these he 
bad submitted to Dr. Emery, of Bologna, who thought that, 
although ocelli were present, the specimen was probably inter* 
mediate between a worker and a female, and that possibly the true 
female did not exist. — Mr. Pascoe exhibited a number of si^ecies 
of Colcoptera recently collected in Germany and the Jura Moun- 
tains, and read n note correcting the synonymy of certain species 
of Brachycerus recently described by him in the Transactions 
of the Society. He stated that the corrections had been sug- 
gested by MM. Peringuey and Aurivillius. — Prof. Westwood 
communicated a paper entitled “A List of the Diurnal Lepido- 
ptcra collected in Northern Celebes by Dr. Sydney Hid. son, 
with dcscrii-nions of new species.” 

Edinburgh. 

Royal Society, July 16. — Rev. Prof. Flint, Vice-President, 
in the chair.— Dr. Traquair rend an obituary notice of Mr. 
Robert Gray, Vice-President. — A paper by Prof. C. G. Knott, 
Tokio University, on some relations between magnetism and 
twist in iron and nickel, was submitted.— Mr. R. Kidston com- 
municated a paper on the fossil plants in the Ravenhead col- 
lection in the Liverpool Museum. — Prof. Crum Brown submitted 
an inve.sl'igaUun by Mr. Alex. Johnstone on the action of car- 
bonic acid w ater on olivine.— In a paper discussing the (|uestion, 
Is Talbot’s law true for very short stimuli? Dr. G. N. Stewart, 
Owen’s College, describes experiments designed to test whether 
it is possible to make the luminous stimuli so short that the 
separate efl'ects cannot be summed. He was able, by means of 
a rotating mirror, to reduce the length of each stimulus to some- 
thing like 1/8,000,000 sec. Up to this limit he could detect no 
variation from the law. — Another paper by Dr. Stewart, on 
some colour phenomena observed with intermittent stimulation 
with white light, was communicated. When light of mo<l crate 
intensity is used, and the rale of stimulation gradually increased, 
the colour is seen to change regularly in a manner which can 
be explained on the assumption that the curves representing the 
course of the excitation in the three hypothetical fibre-groups 
run in such a way that with a certain length of stimulation time 
the violet fibres are proportionally more stimulated than the 
others;, with a shorter time of stimulation the green fibres are 
more stimulated ; with a still shorter time, the red. — Dr. H. R. 
Mill, Scottish Marine Station, discussed the '•pecific giaviiy 
of the water in the Firth of Forth and the Clyde sea* area. 
— Dr. J. Macdonald Brown read a paper on arrested twin 
development.— The Chairman made some remarks in closing the 
session. 

Paris. 

Academy of Sciences, July 30.— M. Janssen, President, in 
the chair, — On the relations of atmospheric nitrogen to vege- 
table soil, by M. Th. Schloesing. The conclusion already 
arrived at from previous researches (see Comptes rendus for 
March 19 and 26, 1888) is fully confirmed by the results of the 
subsequent series of experiments here described. Whether ex- 
posed to renewed contact with the air, or kept in closed ves-sels 
with a confined but oxygenated atmosphere, the soil with which 
the expenmenis have been made has in no case fixed any ap- 
preciable qoantii^y of gaseous nitrogen. The author supplements 
this communication with some remarks on the quantitative 
^nalysU of the enrhon and nitrogen in vegetable earths. The 



384 


NATC/JiM 




main object of theee remarks is to enable chemists to judge for 
themselves as to the decree of canfidence his conclusions are 
entitled to.— On the density of chlorine and on the vapour 
d^sity of lerric clUoride, by MM. C. Friedel and J. M. Crafts. 
For chlorine the mean at aC C. is here determined at a '471* 
and at 440” C. 2*448, while between 321^ and 442° C. the per- 
chloride of iron h fhown to have a somewhat constant density 
correaponding to the formula Fe^Cle. — On the vapour density of 
the perchlorme of gallium, by MM. C. Friedel and J. M. Crafts. 
According to Lecoq de Bntsbaudran’s determinations the mr- 
chloride of gallium (GnaCIa) melts at 75‘'‘S t^nd boils at 215^ to 
22o^ Here the density at 237® and 307*^ is found to be 11*73 
and 10*61 res^>ective1y, or somewhat less than the theoretic 
density. Above 307"" it diminishes considerably, falling to 8” ‘5 
at 357^ and 6'’ ’6 at 440“,— On the gigantic dimensions of some 
fossil mammals, by M. Albert Gaudry. Thc'C remarks arc 
made in connection with the accurate measurements of the St. 
Petersburg mammoth (Elephaa pripHii^nius) supplied by Tilesius. 
The skeleton, a photograph of which has recently been taken by 
M. Strauch, is 3*42 metres high to the top of the head, as com- 
pared With the 4*22 of the Durfort skeleton {Elephas merniionaiis) 
in the new gallery of the Paris Museum. Comparing these with 
the remains' of Oinothcrium ^^igantawi and other monsters of 
the Upper Miocene and later epochs, the author groups the 
larger extinct mammals according to their dimen^tions in five 
classes, as follows; [\) Dinothiritnn of the Upper 

Miocene, Attica ; (2) EUphas antiques of the Quaternary, neigh- 
bourhood of Paris ; (3) EUphas meridional is of the Upper 
Pliocene, Durfort (Gartl) ; (4) Mastodon americanits, of the 
Quaternary, United States ; (5) EUphas primigenius, of the 
Quaternary, Siberia, this last being alxiut the same size as the 
living elephants. — Observations of the comet i888 by M. 
Cruls. These observations were made at the Imperial Ob- 
servatory of Rio Janeiro for the periijd from February 24 to 
April 2. — Positions of the comet 1888 I , measured with the 
8-inch equatorial of the Observatory of Bosan^on, by M. Gruey. 
The positions of the comet and comparison stars are given for 
the {Mriod from June 7 to June 19. — An isochrontms regulator, 
by M. Baudot. The object of this apparatus is to maintain at 
a uniform velocity the rotation of the distributor employe<l by 
the inventor in his multiple printing telegraph system, despite 
the variations of the motor power and those of the resisting 
force caused by the action of the several parts of the instru- 
ment, or by any other disturbing element. Its action consists 
in introducing into the motor mechanism a resistance varying 
automatically whenever necessary, thus maintaining a perfect 
eauilibrium between the total motor and resisting forces. — On a 
telephone with closed magnetic field, and plaque with equal con- 
centric cylindrical sections, by M. Krebs, A^ilh the appliance 
here described the vibrations preseive a large degree of ampli- 
tude, while the section is saturated at no point 01 the magnetic 
circuit. These dispositions greatly facilitate the construction of 
powerful instruments of all sues. — Magnetic charts of the West 
Mediterranean basin, by M. Th. Moureaux. The magnetic 
charts which the author now presents to the Academy have been 
mainly prepared from the data supplied by the series of observa- 
tions described in the last number of the CompUs rendus. They 
comprise, besides the chief islands, the whole of the European 
seabMrd from Cadiz to the Strait of Messina, and the' >Torth 
African coast between Tangier and Tripoli. — 'fhe storage of 
electricity and thermodynamics, by M. Gouy. In this paper 
the author endeavours to connect the principle of the preserva- 
tion of electricity with the general laws of thermodynamics, 
taking as his experimental starting-point the first law of electric j 
actions. — On the electric conductibility of mixtures of ^alts in 
solution, by MM. E. Bouty and L, Poincare. In the present 
communication the authors deal mainly with the special case of 
the nitrates of potassa and soda, their object being to ascertain 
whether it be possible to deduce the electric conductibility of a 
mixture of saline solutions, without chemical action, from the 
conductibility of each, assumiog this to be a known quantity. — 
On the production of ozone by electric shocks^ by MM. Bichat 
and GunU. Here the authors propose to study the various 
ciremnstances which influence the production of ozone by means 
of exp^losive discharges. The results obtained show that the 
fonnation of ozone is primarily connected with the greater or 
less elevation of the temperature of the oxygen under the action 
of the electric shocks.— -Notes follow, by M. A. Carnot, on the 
Bthine present in mineral waters ; by M. J. Ribau, on a method 


of analyzing and separating zinc; by de Foicrand^ on fhe 
glycol- alcoholate of soda ; by M. J. M^nfer, on a dibemoic 
ether derived firom mannite ; by M. £. Olty^ on the oomparaUve 
toxic properties of wabatne and strophanthine ; and by M. 
Prillieux, on an efficaceous treatment of black rot, a .dlsew of 
the vine which has spread from America to Prance. 
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BRITISH PETROGRAPHY. 

British Petrography: with Special Reference to the 
Igneous Rocks. By J. J. Harris Tcall, M.A., I'.G.S. 
With Forty-seven Plates. (London ; Dulau and Co., 
1888.) 

T his handsome volume, with its beautifully chromo- 
lithog^aphed plates, supplies a want that has long 
been felt in English scientific literature. It was scarcely 
fitting that in this country, where the application of the 
microscope to the study of thin sections of rock was first 
suggested and practically carried out, there should exist 
no comprehensive work dealing with the chief varieties 
of our native rocks, as illustrated by their microscopic 
characters. 

In its general appearance, plan, and scope, this volume 
reminds one so closely of the “ Mindralogie Micro- 
graphiquQ ; Introduction h T^^tude des Roches I*>uptives 
Fran^aises,’' of MM. Fouqud and Michel L^vy, that it is 
scarcely possible to avoid a comparison between the two 
works. Artistically, the forty-seven plates of the English 
treatise may perhaps even claim superiority over the 
fifty-five plates in the French work ; though in the exact 
presentation of minute but characteristic details, and in 
the accuracy of tints employed, the palm must in some 
cases be awarded to the latter. There are some plates in 
the volume before us, however, in which truthful delinea- 
tion of details has been so admirably combined with a 
general beauty of effect as practically to leave nothing to 
be desired in work of this class. 

Like his French predecessors, the author of this volume 
has found it desirable to go outside of the country 
illustrated for a few of his types of igneous rock. A 
striking testimony, however, to the variety as well as the 
beauty of our native rocks is found in the circumstance 
that it has been possible to present so complete a 
selection of the chief types of igneous materials without 
going beyond the limits of the British Isles except in two 
instances,— those, namely, of the Lherxolite of the Ari^ge, 
and of the Lcncitic rock of the Eifel, Nor are the 
varieties of British igneous rocks by any means exhausted 
in the illustrations of the work before us. The rhyolites, 
which perhaps are less adequately represented than some 
other groups, might have had their more crystalline 
varieties (Nevadites) well illustrated by the beautiful 
rocks of Tardree, Co. Antrim, while examples of trachyte 
of graphic-granite, and of various types of granulites and 
“ trap-granulites,^' might have been easily obtained from 
Scotland. On the whole, however, we think the author 
has shown excellent judgment in his selection of types, 
and he is to be heartily congratulated upon hi$ sqccess in, 
securing accurate drawings, and exact reproductions of 
those drawitigs by the process of chromoHthography— 
results which we aie assured could, not have been 
attained widiout much labour and extreme care. 

Aithoegb the book is one which is especially note- 
worthy for die beauty of its illustrations, it would be a 
mistal^ to luppQse that it belongs to that dass of works 
in which everything else is sacrificed to showy {dates, and 
Vou xxxvi.r.— No. 983. 


scientific accuracy is regarded as merely a secondary 
object. On the contrary, the author has clearly devoted 
great pains to the perfecting of his text, which constitutes 
in itself an excellent introduction to the study of petro- 
graphy. Some of the rocks chosen for illustration 
have already been described by other authors, and in 
these cases Mr Teall, while doing full justice to the 
labours of his predecessors and contemporaries, has not 
unfrequently been able to extend, supplement, or correct 
their results by the light of more recent researches ; in the 
case of rocks which have not been previously described, 
the author has himself investigated their chemical and 
microscopical characters, in some instances in -a very 
complete and exhaustive manner. In all cases 'he has 
earned the gralitvide of students by the copiousnesfe* of his 
references to the ever-growing mass of literature' which 
deals with the question of the minute structure of minerals 
and rocks. 

While MM, Fouqud and Ldvy have devoted the text of 
their work to a systematic description of the various 
species of rock -forming minerals, and especially of those 
characters which enable us to recognize them when seen 
in thin sections under the microscope, the author has 
aimed rather at describing the rocks themselves, inci- 
dentally discussing the characters of each species of 
mineral as it presents itself in the different groups of 
rocks. This plan, while attended with certain advantages,, 
may perhaps be objected to on the ground that it is only 
possible to gather the whole of the conclusions of the 
author upon any particular minenal after consulting dif- 
ferent and widely-separated portions of the book. This 
is rendered more easy, however, by the very full index 
which is supplied. 

The work, we are informed in the preface, was com- 
menced as a serial publication, and to this cause probably 
must be ascribed its most serious defect as a means of 
instruction ; this is the absence of references and cross- 
references between the text and the atlas of plates ; 
these, indeed, constituting two practically independent 
works. Had all the plates been before the author during 
the time that he was preparing the text, he would 
frequently have been able to illustrate his remarks upoi>' 
the minerals and structures in the rocks he is describing 
by references to his own admirable drawings. To the same- 
cause, too, we must ascribe the only other serious blemish, 
we have detected in the book— a rather large proportion 
of misprints, which, though usually obvious enough to the 
initiated, may occasion considerable embarrassment to 
the student. 

However much the beginner, taking up this attractive 
volume, may be delighted with the mode of study of 
which it aims at giving an exposition, he will scarcely 
be led into the fatal error of supposing that everything 
necessary to a person seeking to employ the method is a 
microscope and some rock-sections. The author makes 
it perfectly clear that unless the student is prepared to go 
through a certain amount of preliminary training, the 
microscopic examination of a rock is more likely to lead 
to error rather than to truth. So much knowledge of 
crystallography as will enable the observer to appreciate 
the position of any section with respect to the axes of the 
crystaJj and ^tich an acquaintance with the principles of 
physical optics as will suffice to guide him in interpreting 
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tl>e chief phenomena revealed, when either plane or con- 
vergent polariaed light are employed, arc absolutely indis- 
pensable. But in addition to these there is a vast mass of 
knowledge, which has been gradually acquired and is 
ever increasing, concerning the internal peculiarities of 
minerals, especialFy such as appear in the varieties that 
constitute rocks, and with respect to the wonderful series 
of changes which they undergo when exposed to different 
conditions ; and the more of this kind of knowledge the 
student can bring to the investigation of a rock the less 
liable will he be to fall into error. In this branch of 
science, as in every other, the experience which can only 
be obtained by long-continued study of the subject must 
always supplement, and may sometimes even supersede, 
the results obtained by the application of rigid rules of 
of procedure. 

As a suggestion has recently been made in the 
pages of Na'I'URE that all which is re(iiured to secure 
a uniform and uniformly-acceptable classification and 
nomenclature of rocks is that some master of the 
modern methods of research should bring in a sweeping 
“ reform bill '' on the subject, it may be well to quote the 
author’s views upon petrographic notation and classifica- 
tion. Writing after the two years of careful labour 
devoted to the preparation of this work, he remarks 

** As regards the classification of rocks, I am sorry to 
say that increasing knowledge has not tended to bring 
about any clearness of view. The more rocks are studied 
the less they seem to me to adapt themselves to any 
classification at all comparable in definiteness with the 
classifications of organic bodies and mineral substances. 
Rock-masses often vary so much in composition and 
structure that any scheme of classification based on work 
done in the laboratory is unsuitable for the expression of 
broad geological facts. It is absolutely impossible to 
map the different varieties recognired by modern petro- 
graphers. The conclusion at which I have arrived is 
that the necessity for giving names to rocks arises rather 
from work done in the field than from work done in the 
laboratory. Rock specimens are mineral-aggregates, and 
may be described as such. Rock-masses are integral 
portions of the earth’s crust, and possess a certain 
amount of individuality in virtue of their mode of 
occurrence.^' 

With these remarks we very cordially agree. Sys- 
tematic mineralogy is a branch of natural-history science; 
for, in their crystalline forms and chemical constitution, 
minerals supply safe criteria which enable us to define 
species and varieties, and also permit us to group these into 
larger divisions. Bat most pctrographical classifications 
seem to be of value only so long as we confine our atten- 
tion to the selected fragments that fill the cases in a 
peirographical museum. In the field one type is often 
found passing into another which the mere petrograpber 
may have placed in a totally different class. 

There is perhaps just now a danger of our exaggerating 
■the importance of the microscopic method as applied to 
the study of rocks. That the method ha^ already done 
much in enabling us to follow out and trace the effects of 
the slow processes of change within the earth’s crust, and 
that it will do still more in the future, no one can doubt. 
But when it is sought to make the microscope a “ court 
of final appeal ” in geological questions, and in doing's© 
to disregard the importance of field-observation, we per- 
ceive the sAme eource of danfrr as is now perhaps 
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experienced in connection with every branch of 

natural-history research. It must' be^HWnembered that, 
while the microscope enables us to sec a little more than 
the naked eye or the pocket Jens, yet nevertheless, 
between what is actually seen very highest powers 

of our microscopes and the tbo^HChlar groupings and 
reactions which give rise to the varisd phenomena of the 
mineral kingdom, tbere is room for almost infinite possi- 
bilities. We accept the teaching of the microscope with 
all thankfulness, but we recognise the fact at the same 
time that it has enabled us to get only a very little 
nearer to the heart of those great physical problems 
which we aim at solving. 

In congratulating the author upon the completion and 
publication of a book which, as we learn from his preface, 
has occasioned him no little anxiety as well as so much 
labour, we may express the hope that his project of treat- 
ing the aqueous and metamorphic rocks in the same 
attractive and thorough fashion may be realized. We 
cannot conclude this notice without a word of com- 
mendation for the excellent glossary of terms used in 
describing rocks, which has been supplied by Dr. F. H, 
Hatch, and will, we are assured, prove of the greatest 
service to students. John W. Judd. 


St'M'nfar/us. (“ Young Collector Series ”) By E. A. 
Butler, B.A., 11 . Sc., Author of “ Pond Life: Insects,” 
&c. (London : Swan Sonncnschein, Lowrey, and Co , 
1888.) 

T H E silkworm is so familiar an insect to everyone, and 
is interesting from so many points of view, that we 
gladly welcome this small volume from the pen of a well- 
known writer on popular natural history. The space 
which can be allotted to this subject in works on general 
zoology, or even on general entomology, is necessarily 
small ; and when we consider that a whole library 
could be written on the history and structure of any 
single insect, a book dealing almost exclusively with 
rtombyx mori should be a useful addition to our ento- 
mological literature. The present work is fairly com- 
prehensive in its scope, and is written' in such a manner 
as to be intelligible to everyone, however ignorant of 
natural history. Numerous woodcuts are added, where- 
ever they seem to be required to elucidate the text. 

Mr. Butler appears to be adequately acquainted with 
his subject, and we have glanced through his book with- 
out noticing any very serious errors, or meeting with many 
statements which we felt disposed to question. But we 
can. hardly accept the inconceivable narrative which 
Mr. Butler has copied from the Entmnohgist cm 
pp. 78 and 79, about a male and female riioth being 
developed upside down in a single pupa formed by a 
single larva. Until more instances of a similar nature 
are recorded, we fancy that most charitably-disposed 
people will be inclined to imagine that some extraordinary 
error must have occurred. In this case, and in a few 
others, Mr, Butler quotes his authorities. Although it 
would be unfair to expect the author of a work like the 
present to quote authorities throughout, we think that It 
would have been more satisfactory to Mr. Butleris readers, 
especially to those may-wish to go further into fbe 
Stf^ect, if lie had Indlcitsd in a bridf peefete dhief 
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sotircM from "had derived his information, 

and how for portiotWl of it were based upon his own 
observations. 

We must take exc^pitkt^ one statement (oif p. 79) 
as rather too sweepiiii^- SiUt-producing Lcpidoptem 
belong exclusively to families, the Botndy rider and 
the SahtmiidaJ* All* Or very nearly all, Lepidoptera 
produce more or less silk ; but even if we understand 
Mr. Butler to mean ** all Lfpidoptera which produce silk 
of economic value," he would still have spoken too posi- 
tively, for we believe that various species belonging to 
the Lasiocampidee^ and perhaps to other families of 
Bombyces, h.ave been used as silk-producers in various 
countries ; as, for example, Libethra cajani 'in Madagascar. 

Mr. Butler has divided his work into six chapters. The 
first treats of The History of Silk Culture," and contains 
a sketch of the gradual progress of silk-culture and manu- 
facture, and of the introduction of these industries into 
one country after another, from their commencement 
in China, according to tradition,. about 2600 n.C., to the 
present time. One point seems to have been overlooked, 
viz. the modern origin of the nante Morea for the Pelo- 
ponnesus, and its derivation from the mulberry-tree. 

The second chapter, “ The Silkworm ; its Form and 
Life- Hi story,” deals with the metamorphoses, and the 
external structure and changes of the insect in its various 
Stages. The mode of denuding the wings to examine 
the neuration ; parthenogenesis, and other incidental 
matters, are likewise noticed. Mr. Butler objects to the 
term “ nervures ” as applied to the branching tubes which 
traverse the wings of butterflies and moths ; but we may 
be permitted to point out that such terms, when used in 
a purely technical and conventional manner, though fre- 
quently incorrect in themselves, rarely mislead anyone. 

Chapter III., “The Silkworm; its Internal Structure,’^ 
treats, .of course, of internal anatomy. Detailed direc- 
tions arc given for dissecting silkworms. The chapter 
closes with remarks on Lyonnet's great work on the 
anatomy of the larva of the goat-moth, and with a de- 
tailed explanation of the position of Bombyx uwri in the 
system of Nature. 

Chapter IV., “ The Silkworm : its Rearing and Manage- 
ment," notices some of the principal races of silkworms, 
the manner of rearing them, and the mode of preparing 
the silk. The last paragraph briefly alludes to some 
allied species of true Bombyx, 

Chapter V. deals with “ The Silkworm : its Diseases 
and Imperfections." The three most serious diseases, 
flaquerie, muscardine and pebrine, are discussed rather 
fully, as well as M. Pasteur's method of combating 
pebrine by microscopic examination of brood females. 

In the concluding chapter (VI.), the author discusses 

Wild Silkworms," many of which he figures. His treat- 
ment of this part of the subject is necessarily spmewhat 
brief, but this is the less to be regretted, as those who wish 
for farther information will probably find much of what 
they require in Mr. Wardle's “ Hand-book of the Collec- 
tion illuetrative of the Wild Silks of India, in the Indian 
Action ctf the South Kensingum Museum." This book 
was pubHsbed by the Science and Aft Department of the 
Conunittee of Council on Education in ifidi ; and though 
«aeUer in date,, it will be found a most useful appendix to 
Mr, Bitlleir*s work. 


Mr. Butler himself may fairly be congratulated on his 
success in compressing so large an amount of useful 
matter as his book contains into the moderate compass 
of just 100 pages. W, F. Kirby. 


OUR BOOK SHELF. 

AUy^emiine Geolo^ie. Von Dr. Karl von Fritsch, Professor 
an der Universitat in Halle. (Stuttgart ; J. Engelhorn, 
! 888 .) 

This is one of a very useful series of volumes which is 
appearing under the editorship of Dr. Friedrich Ratzel, 
with the title of “ Library of Geographical Handbooks.” 
As the subjects of glaciers and of volcanoes and earth- 
quakes have had special volumes of the series devoted to 
their discussion, while many other problems of geological 
interest are treated of in separate monographs, such as 
those which deal with the geography of the ocean, and 
the morphology of the earth's surface, Dr. A^on Fritsch has 
been able to limit the scope of the work now before us to 
certain definite lines of inquiry. The first division of the 
book is devoted to “ Geophysiography ,”or a discussion of the 
features of the earth as a member of the solar system, and 
of the relations of the atmosphere and ocean to the litho- 
sphere or solid crust of the globe. The second division, 
“ Geotektonik,” deals with the forms and relations of the 
rock-masses that build up th^ solid cru.st, and is treated with 
considerable fullness, the illustrations being for the most 
part new, and not of the kind which find a place in the 
ordinary text-books of geology. In the third part, “ Geo- 
chemistry," or chemical geology, we have a short sketch 
of the present state of petrography, or the description of 
rocks, followed by remarks on petrogeny, or the theory of 
their origin. It would be unfair to expect, in the 175 
pages at the author's disposal, anything like a complete 
treatment of the numerous and difficult problems presented 
by petrological science at the present day, but it is certainly 
possible to conceive of a bolder and more masterly treat- 
ment of the whole question than is found in the present 
work. “ Geomechamk,” or physical geology, treats of the 
questions usually grouped by F.nglish writers under the 
head of dynamical geology ; and the fifth and concluding 
portion of the work is devoted to “ Gcogenie,” or a general 
sketch of historical geology. The work is of interest to 
English students and teachers of geological science, as 
illustrating the general motboda of treatment of the subject 
which prevail in Germany. Without aiming at the com- 
prehensive character which belongs to the well-known 
treatises of Credner and Giimbel, this book forms an 
admirable sketch of the chief facts and theories of 
geological science, which are presented always in an 
attractive and sometimes in a sonvewhat novel manner. 


LETTERS TO THE EDITOR. 

[The Editor does not Jkoid himself responsible for opinions 
expressed by his corresponeUnis. Neither can he under- 
take to return^ or to correspond vtith the writers of 
rejected manuscripts intended for this or any other part- 
of Nature, No notice is taken of anonymous commut^-^ 
calioMs,] 

FunctloiiUfts Organs. 

Tn an interesting letter which appeared in Nature 
<p. 34ri» under the above title, the Duke of Argyll brings 
forward a ‘‘doclrina of iirophetic germs” ai explanatory of 
certain rudimentiny structures. He refers particularly to the 
electrical organ of the skate, which he regarA? as an example of 
such a germ. The doctrine is that these fimctionleiss organs are 
not structures which hove been uaefufL ttoi are endowed with 
“ utilities yet to be." 

In the lecture which I gave at the Royal Institution, on 
‘^Electriial Fishes," in May 1887, I pointed out, in discussing 
the particular instance referred to, that the difficulty suggested 
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by your distinguished correspondent was familiar to Mr. Darwin, 
and that it was dealt with by him in the sixth chapter of the 
** Origin," in what seemed to me to be the only way which was 
then, or is now, possible* We should learn to understand it, 
he said, by observing by what graduated steps " [electrical 
organs] ‘*have been developed in each separate group of fishes.” 
By this 1 understand him to have meant that what we require 
to know is, under what conditions the development of electrical 
oigans has actually taken place. 

On morphological grounds, we know that a striped murxular 
fibre taken together with its nerve, and the electrical disk of the 
organ of the skate taken together with its nerve, are homologous 
structures — that is, that they are made up of corresponding parts, 
and have corresponding places in the normal order of develop- 
ment ; so that they arc in collateral, not in sequential, relation 
to each other. In other words, both spring from the same 
orijgin, not one from the other ; and the development of one is 
quite as normal as of the other. An electrical organ is no more 
an abnormal muscle, than a muscle a misdeveloped electrical 
organ. 

In accordance with Mr. Darwin’s teaching, external condi- 
tions, whether antecedent or collateral, influence development 
only in accordance with morphological laws — that is, with the 
normal order of development. In the present instance we have 
some knowledge of the order, but the conditions are unknown ; 
and what we have to do is to ascertain what conditions of exist- 
ence have given predominance to one order rather than to the 
other, so as, in certain cases, to determine the development of 
apparatus for producing electrical discharges in place of apparatus 
for doing mecnanicol work. 

This IS the problem, and it will take a long time to in- 
vestigate it. We know a great deal more now than Mr. 
Darwin did twenty- five years ago about the structure, develop- 
ment, and mode of working of the electrical organ, but scarcely 
more than he did about the ‘ * why " of its existence in such 
animals as the skate. Nor shall we be able to give any better 
account of it until time and opportunity have been afforded for 
the exjimination and comparison of a much larger number of 
instances than are at present accessible to us. 

1 need only add a word as to his Grace's suggestion that the 
electrical organ of the skate may be regarded as a prophetic 
germ. ” I would observe that, although in some species of skate 
the organ is imperfect, it shows no sign of incompleteness in 
others, and therefore cannot be properly designated a germ. As 
to the organ being prophetic, I am not sure that I understand 
what the word means. If the prophecy is such as might en- 
courage the present race of skates to ho^K to be provided at 
some future period with more efficient apparatus, I am afraid 
that any such expectation on their part would be illusory. 

Oxford August 15. J. Burdon- Sanderson. 


On the part of, 1 believe, a very large class of unprofessional 
students of science and theology, I should like to express the 
profound dissatisfaction, not un mingled with irritation, with 
which we have read the Duke of Argyll's recent contributions 
to the subject of evolution. The complete collapse of the 
grave charges made i^ainst the advocates of evolution in the 
article entitled “A Great Lesson" in the September (1887) 
number of the Nineteenth Centuty, is too well known to need 
comment. 

The letter on Functionless Organs” affords another in- 
stance of the illogical and dogmatic style with which we are 
too familiar. Passing over any notice of the absolute incon- 
ceivability of any cause for the development of “prophetic 
structures," the Duke of Argyll once more repeats the ex- 
ploded notion that “ the element of fortuity is inseparable 
from the idea of natural selection," whereas, as has been 
proved over and over again, the ideas of fortuity and of evolu- 
tion, of which process natural selection U so integral a part, 
^'absolutely incompatible. But perhaps the climax is reached 
in the following quotation : “Hitherto I have never yet met 
with a case in which an expert interprets functionless organs 
as structures on the way to use.” Having at last fou^ a 
solitary case which, it is thought, by one expert, may be in- 
terpreted against the Darwinian conception of evolution, he 
immediately jumps to the conclusion that “ everywhere, in 
reasoning and observation, it is breaking down." 

- 4 /rqpcj of Mr, J. G. Hurst's pertinent queries on p. 364 of 
your last issue, it may be well to recall the Duke ol Argyll’s 


dictum given in the “ Reign of La#,” s./, that in man's atrnc- 
ture “there is no aborted member. Every part is put to its 
highest use." Samuel F. Wilson. 

Warsop, August 18. 


Lamarckism versus Darwinism. 

It is to be regretted that Dr. Romanes has not written any- 
thing which can be considered as a reply to my letter. Although 
Prof. Weismann’s essays, to which I referred, are certainly “ two 
of the most notorious essays in the recent literature of Dar- 
winism,” it is nevertheless equally certain that a large and 
important part of their contents is devoted to the consideration 
of the causes of variation. This being the case, I may safely 
leave the evidence in support of the statement in my first letter to 
anyone who will take the trouble to read p. 84.1 of the June number 
of the Contemporary Review . As it is probable that many people 
have already read the article in question, and that others may 
be induced to do so as a result of this correspondence, I think 
that on this account it may be worth while for Dr, Romanes to 
notice the criticism, and if possible to show that his remark 
about Prof, Weismann is intended to bear' some other than Its 
obvious meaning. 

I need hardly make any further reference to the second and 
third paragraphs of Dr. Romanes’s letter, for I have already 
explained my position in my first letter, I need only reassert 
that I was in no way influenced by Dr. Romanes's remarks or 
opinions about myself ; nor am I concerned to allude to the 
personal references contained in his letter, except to express 
regret if anything in the form as apart from the substance of my 
first letter should have caused the annoyance which Dr. Romanes 
takes no pains to conceal. 

In conclusion, it may be worth while to draw attention to the 
curious coincidence which brings into the same number of 
Nature a letter from Prof. E. Ray Lankester, containing an 
expression of opinion diametrically opposed to that of Dr. 
Romanes upon the interesting question of Lamarck versus 
Darwjn. Edward B. Pqulton. 

Oxford, August 17. 


With reference to the recent revival of what may be con- 
sidered as “pure” Lamarckism, it appears to me of importance 
that those who have followed the course of biological work and 
thought in this direction should at the present juncture declare 
their views with respect to the interpretation of such results as 
those obtained by Mr. Poullon, and referred to by Dr. Romanes 
in his letter of August 9 (p. 364). I am glad of the present 
opportunity of discussing this matter, because Mr. Poulton s work 
is to a Urge extent an expansion and experimental confirmation 
of views to which I gave expression in a paper published in 
1873 (Proc. Zool. Soc., p. 159). I have no desire to enter into 
the personal question as to whether Dr, Romanes has or has 
not made himself acquainted with Weismann’s essays, but I must 
express my disappointment that he has not given us a more 
explicit statement concerning the precise manner in which he 
interprets the experiments in the Lamarckian sense. For my 
own part I may add that I have had opportunities of witnessii^ 
Mr. Poulton’s experiments at intervals during their progress, and 
of discussing their bearings with him, and 1 must confMs that 1 
am at present completely at a loss to see herw they can by any 
means be interpreted in the manner Dr. Romanes suggests. 

The conclusions at which I arrived in the paper refen^ to 
may be very briefly summarized. We find in many species of 
insects, &c., a variability in colour which is distinctly of an 
adaptive (iaracter, enabling the insect to become adapted to 
a variable environment, and thus bei^ obviously advantageous 
to the possessors of such a faculty. From this it seemed out a 
natural conclusion that such a power of adaptability should have 
been conferred by the usual operation of the law of the survfVal 
of the fittest. This conclusion I ventured to draw in 1873, after 
carcfuily considering all the cases which I could collect, in 
thus grouping what I called at the time “ variable protective 
colouring ” among the biological phenomena capable of being 
regarded as the result of the actloh of natural seledtion, I was 
careful to point out that the precise mechanism of the prooesuby 
which this adaptability was brought about remained to be 
investigated for each case. Tliis is the work which has bo« io 
admirably carried out by Mr. Poulton for certain Lepidopti«bu« 
larvse, pup®, and cocoons, and the results which he hui obui|(iied 
go far to show that this adaptability in colour is possessed » 
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much larger number of specioft than was formerly suspected, and 
that the modiheation is invariably in the direction of protection. 
The experiments prove also that the stimulus prompting the 
colour change is given by the colour of the surroundings, but the 
precise moans by which the stimulus is conveyed to the pigment- 
secreting cells has not yet been made out. rhis part of the 
work is no doubt the most diflficuU to deal with from the 
experimental side, but any objection to the Darwinian explana- 
tion which may be urged from the point of view of our ignoiancc 
of the nature of this correlation between an external stimulus and 
the power of secreting n particular colour applies with equal or 
greater force to the theory of direci action upon which so much 
stress is laid by the new Lamarckian school. The difficulty in the 
way of completing the explanation of this kind of action is 
of precisely the same nature as that which meets us when wo 
attempt to explain the power of colour adapialnlity in a frog 
or fish as depending upon a colour stimulus, which in these cases 
is known to be conveyed through the eye. All that is con- 
tended for is that the power of adaptation has been conferred by 
natural selection, an agency capable of dealing with complex 
physiological relationships in precisely the same way that it 
deals with all other kinds of variations. In these cases of 
variable protective colouring we are concerned with the 
of the initial variations only in the same manner that we are 
conCernctl with their origin in ordinary cases of protective 
lesemblance. Why the colour variability should always he 
restricted to the limits of protective shades is perfectly intelli- 
gible from the DUTcIy Darwinian stand-point, but os it appears 
to me, absolutely devoid of meaning if we accept the theory of 
“ direct action/’ K. Meldola. 

August iS. 


MODERN VIEWS OF ELECTRICITY^ 

Part IV.— Radiation. 

IX. 

S O far as we have been able to understand and explain 
electrical phenomena, it has been by assuming the 
existence of a medium endowed with certain mechanical 
or -mechanical properties, such as mobility, incom- 
pressibility or infinite elasticity of volume, combined with 
a certain amount of plasticity or finite elasticity of shape. 
We also imagined the medium as composed of two 
opposite constituents, which we called positive and negative 
electricity respectively, and which were connected in such 
a way that whatever one did the other tended to do the 
precise opposite. Further, we were led to endow each of 
these constituents with a certain amount of inertia, and 
we recognized something of the nature of friction between 
each constituent and ordinary matter. 

Broadly speaking we may say — 

(i) That friction makes itself conspicuous in the 
discussion of current-electricity or the properties of 
conductors, and that the laws of it are summarized in the 
statement known by the name of Ohm, viz, that the 
current through a given conductor is proportional to the 
force that drives it, or that the opposition force exerted 
by a conductor upon a current is simply proportional to 
the strength of that current. 

(2) That elasticity is recognized as necessary when 
stud^ng the facts of electrostatics or the properties of 
inaulators—electric displacement and recoil, or charge 
and discharge : the laws having been studied by Faraday, 
and the rdative pliability (or shearability if there were 
such a word) of the medium in different substances being 
measured and stated in terms of that of air as their specific 
inductive capacity, K. 

(3) That inertia is brought into prominence by the 
facts of magnetism, studied chiefly perhaps by Thomson, 
who has called the relative density of the medium in 
different substances their magnetic permeability or mag* 
netic inductive capacity ; the ratio Of its value for any 
substance to Us vame for common air being called p. 

(4) Hnat the ebuM^mss of comHtution ot the medium 

' Coadnaed frofn voL xxxvu. p. gSl 


— its being composed of two precisely opposite entities — 
is suggested by the facts of electrolysis, by the absence of 
mechanical momentum in currents and magnets, and by 
the difficulty of otherwise conceiving a medium endowed 
with rigidity which yet is perfectly fiuid to masses of 
matter moving through it. 

With the hypothesis of doubleness of constitution 
this difficulty disappears. The ether as a whole may be 
perfectly fluid and allow bodies to pass through ii with- 
out resistance, while its two components may be 
elastically attached together and may resist any forces 
tending to separate them with any required rigidity. It 
is like the difference between passing one’s hand through 
water, and chemically decomposing it ; it is like the 
difl'erence between waving a piece of canvas about, and 
tearing it into its constituent threads. 

To put the matter boldly and baldly: weave familiar 
with the conceptions of matter and of ether, and it is 
known that the two things react on each other m some 
way, so that although matter appears to move freely through 
a free portion of the ether, yet another portion appears 
to move with matter as if bound to it. This mode of 
regarding the facts is as old as Fresnel. We now proceed 
a step further, and analyze the ether into two constituents 
— two equal opposite constituents — each endowed with 
inertia, and each connected to the other by elastic: ties : 
ties which the presence of gross matter in general weak- 
ens and in some cases dissolves. The two constituents 
are called positive and negative electricity respectively, 
and of these two electricities we imagine the ether to be 
composed. The tie between them is dissolved in metals, 
it is relaxed or made less rigid m ordinary' insulators. 
The specific inductive capacity of a substance means the 
reciprocal of the rigidity of its doubly constituted ether. 

Let us cal! this rigidity so that • 

K. 

The neighbourhood of gross matter seems also to 
render ether more itense. It is difficult to suppose that 
it can really condense an incompressible fluid, but it may 
load it or otherwise modify it so as to produce the effect 
of increased density. In iron this density reaches its 
highest known value, and in all substances the density or 
inertia per unit volume of their ether may be denotea by 
ft, and called their magnetic permeability. 

Let it be understood what we are doing. In Part I, we 
discussed effects very analogous to those which would be 
produced by an elastic incompressible medium (roughly 
like india-rubber or jelly). In Parts II. and III. we dis- 
cussed effects suggesting, and more or less necessitating, 
the idea of a property of the medium very analogous to 
inertia ; and we were also led to postulate a doubleness 
of constitution for the medium, so that shearing strains 
may go on in it and yet it be perfectly fluid as a whole. We 
are now pushing these analogies and ideas into greater 
definiteness and baldness of statement. We already 
know of a continuous incompressible fluid filling all 
space, and we call it the ether. Let us suppose that it is 
composed of, and by electromotive force analyzable into, 
two constituents ; let these constituents cling together 
with a certain tenacity, so that the medium shall have an 
electromotive elasticity, though mechanically quite fluid ; 
and let each constituent possess inertia, or something so 
like inertia as to produce similar effects. Making this hypo- 
thesis, electrical effects are to a certain extent explained. 
Not ultimately indeed — few things can be explained ulti- 
mately—not even as ultimately as could be wished ; for the 
nature of the connection between the two constituents of 
the ether and between the ether and gross matter— the 
nature of the force, that is, and the nature of the inertia“ 
remains untouched. This is a limitation to be clearly 
admitted; but if that were the only one— if all else in the 
hypothesis were true— we should do well, and a distinct 
step wpuld have been gained. It is hardly to be hoped that 
this is so — hardly to be expected that the bald statement 



NAT(rm 


2 ^, il^ 


3SO 


above is more than a kind of parody of the truth ; never- 
theless, supposing it only a parody, supposing what we call 
electromotive elasticity and inertia are things capable of 
clearer conception and more adequate statement, yet. 
inasmuch as they correspond to and represent a real 
analogy, and inasmuch as we find that a medium so con- 
structed would behave in a very electrical manner, and 
might in conjunction with matter be capable of giving rise 
to all known electrical phenomena, we are bound to follow 
out the conception into other regions, and sec whether any 
other abstruse phenomena, not commonly recognized as 
electrical, will not also fall into the dominion of this hypo- 
thetical substance and be equally explained by it. This is 
what we shall now proceed to do. 

liefore beginning, however, let me Just say what 1 mean 
by electromotive elasticity.” It might be called chemical 
elasticity, or molecular elasticity. There is a well-known 
distinction between electromotive force and ordinary 
matter-moving force, I'he one acta upon electricity, 
straining or moving or, in general, ** displacing ” it ; the 
other acts upon matter, displacing it. The nature of 
neither force can be considered known, but crudely we 
may say that as electricity is to matter so is electromotive 
force to common mechanical force : so also is electro- 
motive elasticity to the common shape-elasticity or 
rigidity of ordinary matter ; so perhaps, once more, may 
electrical inertia be to ordinary inertia. 

Inertia is defined as the ratio of force to acceleration ; 
similarly electric inertia is the ratio of electromotive force 
to the acceleration of electric displacement. It is quite 
possible that electric inertia and ordinary inertia are the 
same thing, just as electric energy is the same with 
mechanical energy. If this were known to be so, it 
would be a step upward towards a mechanical explana- 
tion ; but it is by no means necessarily or certainly so ; 
and, whether it be so or not, the analogy undoubtedly 
holds, and may be fruitfully pursued. 

And as to electromotive elasticity,^’ one may say that 
pure water or gas is electromotively elastic, though 
mechanically limpid ; each resists electric forces up to a 
certain limit of tenacity, beyond which it is broken ; and 
it recoils when they are withdrawn. Glass acts in the 
same way, but that happens to be mechanically elastic 
too. Its mechanical elasticity and tenacity have, 
however, nothing to do with its electric, elasticity and 
tenacity. 

One perceives in a general way why fluids can be 
electrically, or chemically, or molecularly elastic : it 
is because their molecules arc doubly or multiply com- 
posed, and the constituent atoms cling together, while 
the several molecules are free of one another. Mechan- 
ical forces deal with the molecule as a whole, and to 
them the substance is fluid ; electrical or chenucal forces 
deal with the constituents of the molecule, setting up 
between them a shearing strain and endeavouring to tear 
them asunder. To such forces, therefore, the fluid is 
elastic and tenacious up to a certain limit. Extend this 
view of things to the constitution of the ether, and one has 
at least a definite position whence to further proceed. 

It may be convenient and not impertinent here to say 
that a student might find it a help to re-read Parts I. and 
II. in the light of what has just oeen said ; remembering 
that, for the sake of simplicity, only the simple fcict of an 
elastic medium was at first contemplated and insisted 
on ; no attempt being made to devise a mechanism for its 
elasticity by considering il as composed of two con- 
stituents. Hence the manifest artificiality of such figures 
as Fig. 6 (Nature, vol. xxxvi. p. 559), where fixed feSams 
arc introduced to serve as the support of the elastic con- 
nections. But it is pretty obvious now, and it has been 
said in Part III., that a closer analogy will be obtained 
by considering two sets of beads arranged in alternate 
parallel rows connected by elastic threads, and displaced 
simultaneously in opposite directions. 


Recovery <»/ the Medium from Strain, 

We have now to consider the behaviour of a medium 
endowed with an elastic rigidity, and a density, ju, 
subject to displacements or strains. One obvious fact is 
that when the distorting force is removed the medium 
will spring back to its old position, overshoot it on the 
other side, spring back again, and thus continue oscillating 
til! the original energy is rubbed away by viscosity or 
internal friction. If the viscosity is very considerable, it 
will not be able so to oscillate ; it will then merely slide 
back in a dead-beat manner towards its unstrained state, 
taking a theoretically infinite rime to get completely back, 
but practically restoring itself to something very near its 
original state in what may be quite a short time. The 
recovery may in fact be either a brisk recoil or a leak of 
any degree of slowness, according to the amount of 
viscosity as compared with the inertia and elasticity. 

The matter is one of simple mechanics. It is a case 
of simple harmonic motion modified by a friction pro- 
portional to the speed. The electrical case is simpler 
than any mechanical one, for two reasons ; first, because 
so long as capacity is constant (and no variation has 
yet been discovered) Hooke’s law will be accurately 
obeyed— restoring force will be accurately proportional 
to displacement ; secondly, because for all conductors 
which obey Ohm’s law (and no true conductor is known 
to disobey it) the friction force is accurately proportional 
to the first power of velocity. 

There are two, or perhaps one may say three, main 
cases. F'irst, where the friction is great. In that case 
the recovery is of the nature of a slow leak, according to 
a decreasing geometrical progression or a logarithmic 
curve ; the logarithmic decrement being independent of the 
inertia, and being equal to the quotient of the elasticity 
and the resistance coefficients. 

As the resistance is made less, the recovery becomes 
quicker and quicker until inertia begins to prominently 
assert its eflcct and to once more lengthen out the time of 
final recovery by carrying the recoiling matter beyond its 
natural position, and so prolonging the disturbance by 
oscillations. The quickest recovery possible is obtained 
just before these oscillations iKJgin ; and it can be shown 
that this is when the resistance coefficient is equal to 
twice the geometric mean of the elasticity and the inertia. 
One may consider this to be the second main case. 

The third principal case is when the resistance is quite 
small, and when the recovery is therefore distinctly oscilla- 
tory. If the viscosity were really aero, the motion would 
be simply harmonic for ever, unless some other mode of 
dissipating energy were provided ; hot if some such mode 
were provided, or if tne viscosity had a finite value, 
then the vibrations would be simply harmonic with a 
dying out amplitude^ the eatremities of all the swings 
lying on a logarithmic curve. In such a case as thi8,.t£e 
rate of swing is practically independent of friction ; it 
depends only on elasticity and inertia ; and, as is wdl 
known for simple harmonic motion, the time of a complete 
swing is 2fr times the square root of the ratio of inerda 
and elasticity coefficients. 

Making the statement more electrically concrete, we 
may consider a circuit with a certain amount of stoted^up 
po^ntial energy or electrical strain in it : for instance^ a 
charged Leyden jar provided with a nearly complete 
discharge circuit. The main elastic coefficient here i« 
the reciprocal of the capacity of the jar: the more 
capacious ^he jar the more ** pliable " it is— the less force 
of recoil for a ^ven displacement,— «o that capacity is the 
inverse of rigidity. The main inertia coefficient is that 
which is known elecerically as the se)f< induction the 
circiiift : it involves die inertia of all the displaced matter 
and ether, of everything which wiU be moved or distort^ 
when the jar is dioebarged, It is not a very simple tbiiag 

to calculate its vahie in any ^en cate t still it can 
done, and the general idea is ^ain enough without lindier^ 


Aug'usi 2 1 ^^] 


NATUm 


39 '* 


Standing the exact function and importance of every 
portion of the surrounding space. | 

Corresponding, then, to the well-known simple harmonic i 

TM 2 jr we have, writing L for the self-induction : 

or inertia of the circuit, and S for its capacity or inverse 
rigidity constant, 

T 3fp v^LS, 

This, thereiore, is the time of a complete swing. Directly 
the jar is discharged, these oscillations begin, and they 
continue like the vibratiem of a tuning-fork until they are 
damped out of existence by viscosity and other modes of 
dissipation of energy. 

liut now just consider a tuning-fork. Suppose its sub- 
stance were absolutely un viscous, would it go on vibrating 
for ever.** In a vacuum it might : in air it certainly would 
not. And why not? Because it is surrounded by a 
medium capable of taking up vibrations and of propagat- 
ing them outwards without limit. The existence of a 
vibrating body in a suitable medium means the carving 
of that medium into a succession of waves and the trans- 
mission of these waves away into space or into absorbing 
obstacles. It means, therefore, the conveyance away of 
the energy of the vibrating body, and its subsequent 
appearance in some other form wherever the radiating 
waves are quenched. 

The laws of this kind of wave-propagation are well 
known ; the rate at wliich waves travel through the 
medium depends not at all on any properties of the 
original vibrating body, the source of the disturbance ; it 
depends solely on the properties of the medium. They 
travel at a rate precisely eciual to the square root of the 
ratio of its elasticity to its density, 

Although the speed of travel is thus fixed independently 
of the source, the length of the individual waves is not so 
independent. The length of the waves depends both on 
the rate at which they travel and on the rale at which 
the source vibrates. It is well known and immediately 
obvious that the length of each wave is simply equal to 
the product of the speed of travel into the time of one 
vibration. 

But not every medium is able to convey every kind of 
vibration. It may be that the mode of vibration of a 
body is entirely other than that which the medium 
surrounding it can convey ; in that. case no dissipation 
of energy by wave- propagation can result, no radiation 
will be excited. The only kind of radiation which 
common fluids are mechanically able to transmit is well 
known ; it is that which appe^s to our ears as sound. 
The elasticity concerned in such disturbance as this is 
mere volume elasticity or xncoinpressibility. But electrical 
experiments (the Cavendish experiment,^ and Faraday's 
ice-pail experiment) prove the ether to be enormously 
-j- perhaps absolutely— incompressible ; and if so, such* 
vibrations as these would travel with infinite speed and 
not carve proper waves at all. 

Conceivably (I should like to say probably) gravitaHon 
is transmitted by such longitudinal impulses or thrusts, 
and in that case it is nearly or quite instantaneous ; and 
the rate at which it travels, if finite, can be determined 
by a still more accurate repetition of the Cavendish 
experiment than has yet been made ; but true radiation 
transmitted by the ether cannot be of this Jongiludinal 
character. The elasticity possessed by the ether is of 
the nature of rigidity : it has to do with shears aftd distor- 
tions ; not mechanical stresses, indeed-^tso them it is quite 
limpid and resistless— but electnnnotive stresses : it has an 
electricml rigidity, and it is this which most be used in the 
transmission of wavo'^motion* 

But the osciUalory dischaiwof a I^eyden jar is precisely 
to apply to the ttswt these electromotive vibra- 
tkhas: it wUl wuike it in the mode suitable for it to 

* MMWdl't ''Electrical Rwaarobcii of Caveadlth/' p, 104 : no alio p. 417^ 


transmit ; and accordingly, from a discharging circuit, 
waves of electrical distortion, or transverse waves, will 
spread in all directions at a pace depending on the 
properties of the medium. 

Thus, then, even with a circuit of perfect conductivity 
the continuance of the discharge would be limited, the 
energy would be dissipated ; not by friction, indeed— there 
would in such a circuit be no direct production of heat — 
it would be dissipated by radiation, dissipated in the same 
way as a hot body cooling, in the same way as a vibrating 
tuning-fork mounted on its resonant box. Tlie energy of 
the vibrating body would be transferred gradually to the 
medium, and would by this be conveyed out and away, 
its final destination being a separate question, and 
depending on the nature and position of the material 
obstacles it meets with. 


Velocity of Electrical Radiation. 

The pace at which these radiation -waves travel depends, 
as we have said, solely on the properties of the medium, 
solely on the relation between its elasticity and its density. 
The elasticity considered must be of the kind concerned 
in the vibrations ; but the vibrations are in this case 
electrical, and so electrical elasticity is the pertinent kind. 
This kind of elasticity is the only one the ether possesses 
of finite value, and its value can be measured by electro- 
static experiments. Not absolutely, unfortunately : only 
the relative elasticity of the ether as modified by the 
proximity of gross substances has yet been measured : 
Its reciprocal being called their specific inductive capacity, 
or dielectric constant, K. The absolute value of the quan- 
tity K is at present unknown, and so a convention has 
arisen whereby in air it is called i. This convention is 
the basis of the artificial electrostatic system of units. 
No one supposes, or at least no one has a right to sup- 
pose, that its value is really i. The only rational guess 

at its value is one by Sir William 'I'hoinson,* viz. 

Whether known or not, the absolute value of the dielectric 
constant is manifestly a legitimate problem which may 
any year be solved. 

The other thing on which the speed of radiation waves 
depends is the medium’s density — its electric density, if 
so it must be distinguished. Here, again, we do not 
know its absolute value. Its relative or apparent amount 
inside different substances is measured by magnetic 
experiments, and called their specific magnetic capacity, 
or permeability, and is denoted by fi. 

Being unknown, another convention has arisen, quite 
incompatible with the other convention just mentioned, 
that its value in air shall be -called i. This convention is 
the basis of the artificial electro-magnetic system of units 
—volts, ohms, amperes, farads, and the like. Both of 
these conventions cannot be true : no one has the least 
right to suppose either true. The only rational guess at 
ethereal free density is one by Sir William Thomson, viz. 
9-36 X TO-*-*. 

Very well, then ; it being clearly understood that tliese 
two great ethereal constants, k or and /x, are neither of 

them at present known, but arc both of them quite know- 
able, and may at any time become kno\yn, it remains to 
express the speed of wave transmission in terms of them. 
But it is well known that this speed is simply the square 
root of the ratio of elasticity to density, or 


V 





This then is the speed with which waves leave the 
discharging Leyden jar circuit, or any other circuit con- 
veying alternating or varying currents, and travel out 
into space. 

Not knowing either or p, we cannot calculate this 


* Tv*d«. R. S. i^n., xxi. Co ; f«c alio article “ Ether," in the “ Encyc. 
Brit." 
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speed directly, but we can try to observe it experi- 
mentally. 

The first and crudest way of making the attempt would 
be to arrange a secondary circuit near our oscillating 
primary circuit, and see how soon the disturbance reached 
it. For instance, we might take a nearly closed loop, 
make it face a Leyden jar circuit across a measured dis- 
tance, and then look for any interval of time between the 
spark of the primary discharge and the induced spark of 
the secondary circuit, using a revolving mirror or what 
we please. But in this way we should hardly be able to 
detect any time at all : the propagation is too quick. 

We might next make use of the principle of the electric 
telegraph, viz. the propagation of a disturbance round a 
single circuit from any one point of origin. Consider a 
large closed circuit, cither conveying or not conveying a 
current : introduce at any one point a sudden change*— 
a sudden E.M.F., for instance, or a sudden resistance if 
there be a current already. Out from that point a dis- 
turbance will spread into the ether, just as happens in air 
when a blow is struck or gun-cotton fired. A regular suc- 
cession of disturbances would carve the ether into waves : 
a single disturbance will merely cause a pulse or shock ; 
but the rate of transmission is the same in either case, 
and we may watch for the reception of the pulse at a 
distant station. Jf the station has to be very distant in 
order to give an appreciable lapse of time, a speaking- 
tube is desirable to prevent spreading out in all directions 
— to concentrate the disturbance at the desired spot. 
What a speaking-tube is to sound, that is the wire of the 
circuit — the telegraph wire — to ethereal pulses. 

It is a curious function, this of the telegraph wire: it 
does not convey the pulses, it directs them. They are 
conveyed wholly by the ether, at a pace determined by 
the properties of the ether, modified as it may be by the 
neighbourhood of gross matter. Any disturbance which 
enters the wires is rapidly dissipated into heat, and gets 
no further ; it is the insulating medium round it which 
transmits the pulses to the distant station. 

All this was mentioned in Part III., and an attempt 
was made to explain the mechanism of the process, and to 
illustrate in an analogical way what is going on. 

The point of the matter is that currents are not propelled 
by end-thrusts, like water in a pipe or air in a speaking- 
tube, but by lateral propulsion, as by a series of rotating 
wheels with their axes all at right angles to the wire sur- 
rounding it as a central core, and slipping with more or 
less friction at its surface. This is characteristic of ether 
modes in general ; it does not convey longitudinal waves 
or end-thrust pulses, like sound, but it conveys transverse 
vibrations or lateral pulses, like light. 

Without recapitulating further, we can perceive, then, 
that the transmission of the pulse round the circuit to its 
most distant parts depends mainly on the medium sur- 
rounding it. The process is somewhat as follows Con- 
sider two long straight parallel wires, freely sus^nded, 
and at some great distance joined together. At the near 
end of each, start equal opposite electromotive impulses, 
as by suddenly applying to them the poles of a battery ; 
or apply a succession of such pulses by means of an 
alternating machine. Out spread the pulses into space, 
starting in opposite phases from the two wires, so that at 
a distance from the wires the opposite pulses interfere with 
each other, and are practically non-existent, just as but 
little sound is audible at a distance from the two prongs 
of a freely suspended tuning-fork. But near the wires, 
and especially between them, the disturbance may be 
considerable. To each wire it spreads and is dissipated, 
and so a fresh supply of energy goes on continually 
arriving at the wires, always flowing in from outside, 
to make up the deficiency. If the wires are long enough 
hardly any eneigy may remain by the time their disiaiit 
ends are reached; but whatever there is will still be crowd- 
ing in upon the wires and getting dissipated, unless by 


some mechanism it be diverted and utilised to effect some 
visible or audible or chemical change, and so to give the 
desired signal. 

Now the pace at which this transmission of energy 
goes on in the direction of the wires is pretty much 
the same as in free space. There are vanous circum- 
stances which can retard it ; there are none which can 
accelerate it. The circumstances which can retard it 
are, first, constriction of the medium by too great proximity 
of the two conducting wires : as, for instance, if they con- 
sisted of two flat ribbons close together with a mere film of 
dielectric between, or if one were a small-bore tube and 
the other its central axis or core. In such cases as this 
the general body of ether takes no part in the process, the 
energy has all to be transmitted by the constricted portion 
of dielectric, and the free propagation of ethereal pulses 
is interfered with : the propagation is no longer a true 
wave- propagation at all, but approximates more or less 
closely to a mere diffusion creep, rapid it may be, and yet 
without definite velocity, like the conduction of heat or the 
diffusion of a salt into water. One well-known effect of 
this is to merge successive disturbances into one anotner, 
so that their individuality, and consequently the distinctness 
of signalling, is lost. 

Another circumstance which can modify rate of trans- 
mission of the pulses is ethereal inertia in the substance 
of the conducting wires, especally extra great inertia, as, 
for instance, if they are made of iron* For the dissipa- 
tion of energy does not go on accurately at their outer 
surface ; it has usually to penetrate to a certain depth, 
and until it is dissipated the fresh infiux of energy from 
behind does not fully occur. Now, so long as the value 
of fi for the substance of the wires is the same as that of 
air or free space, no important retardation is thus caused, 
unless the wires are very thick ; but directly the inertia in 
the substance of the wires is one or two hundred times as 
big as that outside, it stands to reason that more time is 
required to get up the needful magnetic spin in its outer 
layers, and so the propagation of pulses is more or less 
retarded. At the same time this circumstance docs not 
alter the character of the propagation, it does not change 
it from true wave velocity to a diffusion, it leaves its 
character unaltered ; and so the signals, though longer 
in coming, may arrive quite clear, independent, and dis- 
tinct. It is much the same, indeed, as if the density of the 
surrounding medium had been slightly increased* 

These, then, are the main circumstances which affect 
the rate of transmission of a pulse from one part of a 
closed circuit to another : extra inertia or so-calied mag- 
netic susceptibility in the conducting substance, especially 
in its outer layers ; and undue constriction or throttling of 
the medium through which the disturbance really has to 
go. Both these circumstances diminish rate of trans- 
mission, and one (the last mentioned) modifies the law 
and tends to obliterate individual features and to destroy 
distinctness* 

Of course, besides these, the nature of the insulating 
medium will have an effect on the rate of propagation, 
but that is obvious all along ; it is precisely the rate at 
which any given medium transmits pulses that we want 
to know, and on which we are thinking of making experi- 
ments. If we use gutta-percha (more accurately the ©tbcf 
inside gutta-percha) as our transmitting medium in an 
experiment, we are not to go and pretend that we have 
obtained a result for air. 

The circumstances we have considered as modifying the 
rate of transmission are both of them adventitious circum- 
stances, independent of the nature of the medium, and 
they arc entirely at our own disposal. If we like to 
throttle our medium, or to use thick iron wires, we cast do' 
so, but there is no compulsion : and if we wish to maJee 
the experiment in the simplest manner, we shall do nO 
such thing* We shall use thin copper wires (the thhmtf 
^ the better), arranged parallel to one another a fair 
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apart, and we shall then observe the time which an 
electromotive impulse communicated at one end takes to I 
travel to the other. Instead of using two wires, we may 
if we like use what comes to much the same thing, viz. a 
single wire suspended at a reasonable height above the 
ground, as in a common land telegraph. Such a case as 
this is much the same as if two wires were used at a 
distance apart equal to about twice the height above the 
ground. 

The experiment, if it could be accurately made, would 
result in the observation of a speed of propagation equal 
to 3 X centimetres per second. The actual speed in 
practice may be less than this, by reason of the various 
circumstances mentioned, but it can never be greater. 
This, then, is the rate of transmission of transverse im- 
pulses, and therefore of transverse waves, through ether 
as free as it can be, easily obtained. 

There are many methods known to physicists by which 
an indirect experimental determination of this velocity 
can be made. These methods are more easily practicable 
than the one described ; they directly determine the 
ratio kill, or, what is the same thing, the product Kfi, and 
it is left to theory to say that this is really the velocity of 
electrical pulses in free ether. It is unnecessary to say 
more about them here. Oliver J. Lodge. 

( To be continued) 


A HISTORY OF THE AUGUST METEORS. 

^HE August meteor-shower has been more frequently 
observed than any other with which we arc 
acquainted, and the modern history of this remarkable 
system includes many interesting circumstances. It has 
not, in recent times, given us displays equal in grandeur 
to periodical swarms like the Leonids of November 13 
and Andromedes of November 27, being decidedly less 
rich in point of numbers. But what this stream lacks in 
this respect is compensated for by the annual visibility of 
the shower and by the intense brilliancy of some of its indi- 
vidual members. Every year the August meteors present 
a conspicuous appearance on the night following St. 
Lawrence’s Day, and fire-balls of excessive lustre arc now 
and then interspersed with the smallest perceptible 
shooting-stars of the system. The Leonids and Andro- 
medes, which have rendered the month of November so 
famous in meteoric annals, can only reappear abundantly 
at inten^als of thirty-three and (probably) thirteen years, 
whereas the Perseids of August are unfailing in their 
regular apparitions as the epoch comes round each year. 
On the night of the loth the most casual observer will not 
fail to notice the surprising frequency of shooting-stars, 
and must remark their occasional brilliancy and the per- 
sistency of the phosphorescent after-glows which they 
generate during tneir rapid flights amongst the fixed stars. 

The early history of the August meteors is vague and 
meagre in the extreme. Ancient writings are significantly 
mute as to the scientific aspect of meteor-showers. 
Doubtless in olden times these phenomena were equally 
as plentiful as at present, but amid the ignorance and 
superstition which prevailed they were little regarded. 
The prominent part which meteors play in the solar 
system was not suspected, hence no importance was 
attached to their appearance. They were supposed to be 
mere exhalations uncontrolled by fixed laws, and it is 
entirely due to modern science that their true character 
has bOen revealed, and that they have been raised to the 
dignity of bodies having a celestial origin, and probably 
also an extensive infiuence throughout the wide range of 
astrojcoipical physics. 

But former records, if void of particulars possessing a 
acientific utility^ are often useful in sup^ying daUs. 
Many old references to meteor-^owera, very im- 

in descr4>tion, are, by the accordance of epoch, 
aassumed to have been early exldbitions of the very 


same systems as those which have furnished some of the 
most imposing displays of recent years. In the catalogue 
of 315 meteoric showers compiled by Quetelet, a consider- 
able proportion are probably identical with the August 
Perseids, and below we give the dates, up to a century 
ago, of these : — 


Year. 

Six 

Date. 

July *5 

Year. 

926 

Date, 

July 27-30 

S20 

it 

^S-30 

933 

M 25-30 

B24 

t i 

26-28 

1243 

Aug, 2 

S30 

ft 

26 

1451 

.9 7 

833 

ti 

27 

1709 

» 8 

83s 

*r 

26 

1779 

,, 9 and 10 

841 

1 > 

25-30 

1781 

8 

9*4 

it 

27-30 

I 7«4 

p. 6 

9*5 

ti 

27 30 

1789 

pp 10 

The dates in the ninth and tenth centuries are some- 


what different from those in later years, but this does not 
negative the assumed relation, because they are brought 
nearly into agreement when the change of style in 1752 is 
allowed for. This proves the showers to have really 
occurred at a period early in August according to present 
reckoning. There may also be a slight alteration in the 
epoch of the swarm due to a shifting of the node, which, 
in its cumulative amount after many ages, might reach a 
considerable value. For the reasons assigned, the cele- 
brated shower of Leonids which now takes place on 
November 13 was observed in October 902, and again on 
October 19, 1202, October 22, 

Muschenbroek, in 1762, announced the general fact 
that he had observed shooting-stars to be more plentiful 
in August than in any other month of the year. F urther 
towards the close of the century this was in part confirmed 
by the apparition of many meteors on August S and 9, 
In X 806 and 1812, Dr. Forster, of Clapton, recorded in 
his ‘‘Calendar” that these phenomena were unusually 
abundant on August 10, and in the latter year he particu- 
larly noted the extraordinary length and phosphorescent 
aspect of the trains left in their wake. Subsequently the 
same epoch was amply corroborated : and in 1835, 
Quetelet definitely mentioned the 9th and 10th of August 
as the date of maximum annual display. 

On August 9, 1837, M. Wartman, of Geneva, observed 
82 of these meteors between 9 p.m. and midnight. In the 
following year, on August 10, observations w^ere made at 
Geneva and at Planchcttes, a village 62 miles north-east 
of Geneva, with the view of determining the heights and 
velocities of the meteors. A discussion of the results 
showed that the average elevation above the ground was 
550 miles, and the velocity 220 miles, but these figures 
are now known to have been enormously in excess of the 
true values. 

From 20 meteors observed in August 1863, Prof. A. S. 
^Herschel determined the mean height as 8r6 miles at 
Tfirst appearance and 577 miles at disappearance, and the 
velocity was found to be 34*4 miles per second. From 27 
meteors similarly observed in Italy between August 5 and 
lo* 1864, Secchi derived limiting heights of 76 6 and 497 
miles ; and, averaging these with the results obtained by 
Prof. Herschel in the preceding year, we get 78 to 54 
miles, which may be adopted as representative values for 
the normal heights not only of the Perseids, but of 
shooting-stars generally. 

Heis, Schmidt, Greg, and Herschel were amongst the 
first to methodically observe the August meteor- shower 
and determine its radiant point in the northern region of 
Perseus. In 1863, August 10, an unusual display was 
witnessed, for on this occasion the stream seems to have 
attained a degree of intensity not recorded either before 
or subsequently to that year. In 1871 there was also 
a very pronounced and abundant appearance of these 
meteors. In Nature, voI. xx. p. 457 (September ii, 
1879), ^yi be found some details as to the relative number 
of August meteors counted in different years. 
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But th« epoch of x866 is perhaps the most eventful and 
interesting of all in the history of this notable group. 
Signor Stmiaparelli, of Milan, in the course of some o^ 
servations of the Perseids, was led to take up the investi- 
gation of the theory of shooting- stars. Cautiously sifting 
the available materials, and forming deductions from 
facts indicated by the best authorities on the subject, he 
was induced to the belief that meteors were small par- 
ticles composing cosmical clouds. These clouds were, 
by the action of gravitation, spread out into streams, and 
their orbits formed, like tiiose of comets, elongated conic 
sections. From a method explained by Prof. Erman, he 
computed the orbital elements of the August meteors 
and of certain other streams, and, comparing them with 
the orbits of comets, discovered two remarkable coin- 
cidences between the system of Perseids and Comet III. 

1862, and the Leonids and Comet I. 1866. In each case 
the paths of the meteor group and comet were identical, 
and every circumstance favoured the inference that the 
two phenomena were physically identical, the meteors 
forming the dispersed material of the comet. The period 
of the Leonids (November 13), viz. 33^ years, agreed 
precisely with that of their supposed parent comet. The 
period of the August display, however, remained doubt- 
ful, the ellipse being more elongated ; but Schiaparelli 
adopted a cycle of rather more than loo years, as best 
satisfying the observations, though the exact period is 
still doubtful. 

Computation showed that the radiant point of meteoric 
particles following the track of Comet III. 1862 would 
be seen, on August 10, at R.A. 43", Dccl. 57if® N. In 

1863, on August 10, Prof. Herschel had observed the 
meteors, and fixed their radiant at R.A. Dccl 56“* N., 
a wonderfully close agreement, considering the difficul- 
ties attached to such observations. This, and other co- 
incidences of orbit, removed all doubts as to the affinity 
of meteors and comets ; and later evidence, especially 
that afforded by Biela’s comet and the splendid meteor- 
showers of November 27, 1872 and 1885, has afforded con- 
vincing as to the validity of the theory enunciated 
by the Italian astronomer. 

Some interest!^ features in connection with the 
August meteors still, however, awaited further investiga- 
tion. The visible duration of the shower was unknown. 
The radiant was thought to be diffused over a region 
extending from Perseus to Cassiopceia. Mr. R. P. Greg, 
in his ‘^Table of Radiants^’ {Monthly Notices. 1872, 
P* 353 )» places it over the area from R.A. So'’“25 , Decl 
44® N., to R.A. 5o®-65^ Decl 56'’ N. ; and Serpieri gave 
R.A. 50^-30®, Decl 49’-64®. Mr. J. E. Clark, in 1874, 
undertook the projection of the tracks of about 2000 
Perseids described in the “Luminous Meteor Reports" 
of the British Association, with the object of detecting 
motion in the radiant centre on successive days or hours 
of the night, but without definite success, though the 
observations st^gested a progressive motion on succeed- 
ing nights simikr to that noticed by Prof. Twining in 
1859. In 1877 the shower was watched by the writer at 
Bristol on several nights, and the radiant was distinctly 
seen to take up a fresh position with every change of 
date. It moved from R.A. 40®, Decl. sd*", on August 5, 
to R.A. 60", Decl. 59“ N., on August 16. The fact was first 
announced in Nature for August 30, 1877 (vol. xvi. p. 362), 
and many observations in subsequent years at the same 
station have fully confirmed the shifting of the radiant, 
and indicated the long duration of the shower. In the 
following table will be seen the position of the radiant at 
intervals of five days ; — 

J«Iy 8 3 + 49 August 2 3^ + 55 

13 ” + 50 7 4a 57 

19 + 51 12 -h 57 

23 25 + 53 *7 fio + j 8 

38 31 + 54 1 


The whole duration extends, very probably, bvl6r the 
forty-five days from July 8 to August 22, and in the 
interval the radiant moves from 3’ + 49* to 77“ -f 57*. 

This cluster is evidently one of enofinous wtdeh, And 
has doubtless undergone distortion by the effect of 
planetary perturbation. Some interesting facts in con- 
nection with this and other cometary meteor sj^tems 
will be found in the Sidereal Messenger for April and 
May 1886. With regard to the August meteor-shower, 
it appears that a certain change in the position of the 
radiant ought theoretically to occur every night, but the 
observed displacement does not well accord with compu- 
tation. On July 36 the Perseid radiant is about 4*, and 
on August 19 about 9®, from the radiant of its derivative 
comet (III. 1862) ; and these differences are doubtless to 
be referred to the disturbances exercised upon the ori- 
ginal stream by the attraction of the earth. At every 
return of the group a vast number of the particles must 
obviously pass very near to us without being dissipated 
by the action of our atmosphere, and the paths of these 
will be affected to an extent that must alter the elements 
of their orbits. 

Though the period of the August meteors has not yet 
been precisely ascertained, there is no question that the 
shower exhibits fluctuations from year to year as regards 
intensity, and that, like the two great systems of Novem- 
ber, a certain cycle regulates its most brilliant displays. 
Future observations will determine the precise form of 
the orbit The return of Comet III. 1862, or a recur- 
rence of the very rich shower of August 1863, will decide 
the matter, but as the orbit is one of considerable eccen- 
tricity, several generations may yet elapse before the 
period is accurately ascertained. It is certain tlxat many 
of the supposed variations in the perennial intensity of 
the display are more apparent than real, because the suc- 
cessive returns are witnessed under diluent conditions. 
Cloudy or misty weather sometimes interrupts obsarva- 
tion ; moonlight offers another impediment ; occasionally, 
also, the maximum is attained in daylight, and passes 
unheeded. The same observer is not always enabled to 
maintain an outlook from positions equally favourable ; 
and there are other circumstances which, with those men- 
tioned, prove the difficulty of securing a series of observa* 
tions fairly comparable with each other. Usually about 
40 or 50 meteors per hour may be counted by one 
observer before midnight on August 10, but in the early 
morning hours of August 11 as many as 80 or 90,. 
erhaps more, will be seen, as the radiant is then 
igher and better placed for the visible distribution of 
its meteors. 

“ The August meteors,” though a general tenn capable 
of being applied to any showers observed in the month of 
August, is commonly cmplwed in special reference to 
the Perseids of August 10. There are large numbers of 
minor displays visible in the same month, the radiant 
points of which are scattered profusely over the firma- 
ment. There are certainly more than 100 showers in 
contemporaneous action with the Perseids, and nuny of 
these are now pretty well known, a mass of observations 
having accumulated for this particular epoch. 

In the present year the great August shower has not 
been especially brilliant, though many of its meteors 
have appeared under their customary aspect. At Bristol, 
on August 2, 42 shooting-stars were counted during the 
si hours between loh. 50m. and J3h. aim., and 14 of 
these were Perseids from a centre at 35*^ + $4% On 
August 5, 31 meteors were seen in a similar itrierval, 
including 1 1 Perseids. On August 8, in 3 hours 
loh. to i3h., 36 meteors were observed, and 
were 20 Perseids. The radiant, both on the 2M oi^d 
5 th, seemed to be at 42*’ + 57 ** The few subsequent 
were overcast, but on the 13th a deae sky petwied 
watching, and during the 3^ hours Bom soh; to 
49 meteors were seen, of whith 13 were Feneids n 
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radiaint at p* + J7*. On August 14, between loh. and 
i3h., 35 nteteofa were noted, but there were only two 
Persmds amcmgst dtem. 

On August fi, Mr Booth, at Leeds, watched the eastern 
sky for 4i hours, and saw 45 meteors, including 25 
Perseids. The radiant was at about 42^* + 57 and it will 
be observed that the proportion of Perseids to the total 
number of meteors observed was the same as noted at 
Bristol on that date. On August 13, Mr. Booth recorded 
13 Perseids from a radiant at 51^® -f- thus confirming 
the displacement observed at Bristol. 

On August 10, Mr. G. T. Davis, of Theale, near 
Reading, reports the sky was clear and many meteors 
were visible between 9.30 and 1 1 p.m., the majority being 
Perseids. The same observer recorded a number of 
paths on August J and 8, and a comparison of his results 
with similar observations at Bristol show that 7 meteors 
were doubly observed at the two stations. Their heights, 
&c., were computed by the writer as follows : — 


Date. 

iSBfi. 

Hour, 

G.M.T. 

Mag. 

■3- S 
a: rt 1 

^ ,1 « 

ti-s 

Radiant 

point. 

loclina- 
lion to 
horizon. 

Aug. 

h. 

m. 



Milen. 

Miles. 

0 rt 

0 . 

5 

10 

19 ■ 

• J -3 

69 . 

. 50 .. 

■ 37 

• 50 + 55 

274 

5 

10 

30 ■ 

• 3-4 

... 69 . 

. 48 .. 

. 38 .. 

■ 39+57 

•• 34 

i ’■ 

ZO 

42 • 

. . 3-4 

.. 68 . 

. 48 .. 

. 24 .. 


.. 29 

8 .. 
8 .. 

10 

6 . 

• 3“5 

... 70 . 

■ 59 • 

. 28 .. 

. 66 + 56 

• 23 

10 

10 , 

- 3-4 

... 65 . 

. 52 .. 

. 38 .. 

■ 319-13 

.. 20 

8 .. 

10 

21 . 

• 3“3 

... 43 ■ 

. 28 .. 

. 26 .. 

. 40 + 60 

354 

8 .. 

10 

28 . 

. 4-4 

... 68 . 

. 48 .. 

. 24 .. 

• 42 + 57 

■ 334 


The close agreement in the heights of these meteors 
{except in the case of No. 6 in the list, which was 
much nearer the earth’s surface than usual) will be 
noticed. They were, with the exception of No. 6, which 
belonged to a radiant in Aquarius, all members of the 
August meteor system, though in several cases, notably 
that of N o. 4, the path, as observed at Reading, was not 
exactly conformable to the radiant point of this shower. 

The recent display has furnished us with a splendid 
fire-ball. It appeared on August 13 at nh. 3310., and was 
seen by Mr. Booth at Leeds, by Mr. Monck at Dublin, by 
the writer at Bristol, and by several observers at Birming- 
ham and other places. When near its disappearance the 
fire-ball acquired suqli brilliancy that it ht up the firmament 
like a vivid fiash of lightning, and in the lattef portion of 
its path there remained a comet-like streak which at Leeds 
and Birmingham continued visible for three minutes. 
The descriptions of this exceptionally fine meteor are in 
good agreement. It traversed a course above Yorkshire 
•at normal heights ; its brilliant streak had a mean eleva- 
tion of 53 mil« and length of 18 miles. No detonation 
appears to have been heard W. F. Denning. 




NOTES, 

It is proposed by the Organising Committee of Section B 
that in course of the approaching meeting of the British 
Association there shall be a discussion in that Section upon the 
subject of Valency.” Prof. Armstrong will open the debate, 
audit is Hoped that several other eminent chemists will take 
part. In the immediate neighbourhood of Bath there are no 
industries specially interesting to chembU, but arrangements 
;nre in progress by which it U hoped that membeii will be 
ttdfSUlited to some of the works in and about Bristol, which is 
oirty ten mOes away. 

Tm jmtamtaid SMeting of the Iron and Steel Instkute was 
Hi the Unhwnity, Bdinbmgb, on Tuesday. A hearty 
was given to the members tn the Senate Hall by the 
{Sif Thpoai Clark), 3 ir William Muir (Principal 
Armstrong (the hooeraiy secretary of 


the Reception Committee), and other dignitaries and offioiaU of 
the University. The members having adjourned to the Exaroina- 
tion Hall of the University to begin the business of the meeting, 
the President, Mr. Daniel Adamson, announced that Sir James 
Kitson had been nominated by the Council as the President for 
the next two years, and he hoped that that would meet with the 
approval of the members. The Institute had intended, he said, 
to go to America for their next autumnal gathering, but the visit 
had been postponed until 1890, as that was considered a more suit- 
able time, especially as a kind invitation had been given them to 
visit Paris next year, when the Exhibition was on. They would 
thus have an opportunity of entertaining their American friends. 
Sir Lowthian Bell took the chair while a paper on a lever- 
testing machine, prepared by the President, was discussed. It 
described in detail a horizontal compound lever-testing machine. 
Mr. Wickslead (Leeds), Mr. G. C, Hemming (Yale and Towne 
Manufacturing Company, U.S.), Mr. Brown (of Brown Brothers, 
Leith), M. Gautier (Paris), Mr. Nursey (London), and Sir 
Lowthian Bell took part in the discussion. A paper on man- 
ganese steel, by Mr. R. C. Ilaiineld (Sheffield), proved specially 
interesting, as it formed a guide to the exhibits of this metal 
at the Glasgow Exhibition. 

The third International Congress of Inland Navigation was 
opened at Frankfort -on-the-Main on Monday. It began with 
a speech from the President, Herr won Bottichcr, Minister of 
State, who greeted those present in the name of the German 
Emperor. The Congress is divided into three sections. The 
first studies the improvement of river navigability, the best kind 
of boat for river navigation, and the best means of propulsion 
for boats. The second section occupies itself with the economic 
advantages of ship canals penetrating into tlic interior from river 
mouths, their navigability, and keeping in good order. The 
third deals with the reform of the statistics of interior navigation, 
and with the relations between agriculture and navigation. 

On Monday a paper by Dr. Gamaleia, of Odessa, on 
the cure of cholera by inoculation, was read to the Paris 
Academy of Sciences by M. Pasteur. The following informa- 
tion on the subject is given by the Paris Correspondent of the 
Timts, It appears that in 1886 Dr. Gamaleia came to Paris 
as delegate of the Odessa doctors, and studied the Pasteur 
method, with which he made himself thoroughly acquainted. 
On his return to Russia various institutions were founded under 
his care for the cure of hydrophobia, which have proved very 
valuable. Five years ago M. Pasteur endeavoured to discover 
a means of curing cholera by inoculation. At his request a 
mission was sent by the French Government to Alexandria 
while cholera prevailed there, to study the subject. Dr. 
Lhuitler, one of the mission, died of cholera, and M. Pasteur 
did not press the continuance of the investigations. The sub- 
ject, however, was taken up by Dr. Gamaleia, who has dis- 
covered a method similar to that of M. Pasteur, by which it is 
believed cholera can be cared by the inoculation of the 
cholera virus. As yet experiments have only been made on 
animals, but no doubt is entertained that it will be possible to 
apply in a diort time the same process to man. After reading 
the paper, M, Pasteur stated that Dr. Gamaleia had expressed 
his readinesg to repeat the experiments at Paris in presence of a 
committee of the Academy of -Sciences, and to try on himself the 
Inoftenstve and sulficient dose for human vaccination. He is 
ready to undertstke a journey into countries where cholera pre- 
vails to prove the efficacy of hU method. M. Pasteur added 
that he need scarce^ say that he aoceptied with the greatest 
satisfaction the offer made by Dr. Gamaleia to conduct the 
experiments In his laboratory. The letter was referred to the 
committee, which has ;a prize of 100^000 francs in its hands for 
a cure for cholei^ and it was arranged that the experimeitto 
should'^ postpMed till November. 
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W£ have already called attention (p* 359) to the addreas 
delivered by M, Janssen on July 23, at the French Academy of 
Sciences, on the late Jules Henri Bebray. M. Debray was 
bom at Amiens in 1827, and entered the Normal School in 
1S47. There he became the collaborator of the illustrious 
SaintC'CIaire Derillef with whom his name will always be 
intimately associated. As M. Janssen said, it is by his re- 
searches on dissociation, in which he developed M. Dcvillc’s 
ideas, that M. Debray will be chiefly remembered. He suc- 
ceeded M. Devil le at the Paris Faculty of Sciences, and at the 
Normal School. M. Debray was also assayer to the Garan- 
tie of Paris, Vice-President of the Society for the Encourage- 
ment of National Industry, and a member of the Higher Council 
of Public Instruction and of the Consulting Committee of Arts 
and Manufactures. He was considered one of the most active 
and distinguished members of the Academy of Sciences. After 
a short illness he died on July 19. 

We regret to record the death of Mr. William H. Baily, 
Acting Palieontologist of the Geological Survey of Ireland. He 
was bom at Bristol in 1819. In 1844, having held for some 
years an appointment in the Bristol Museum, Mr. Baily was | 
attached by the late Sir Henry de la Beche to the Geological 
Survey of England. He acted first as a draughtsman, and 
afterwards os assistant naturalist under Edward Forbes and 
iubsequently under Prof. Huxley. In 1857, Mr. Baily was 
transferred to the Irish branch of the Geological Survey as PoltE- 
ontologist, and this office he held until his death. He was also 
Demonstrator in Palieontology to the Royal College of Science, 
Dublin. Mr. Baily often contributed to the Proceedings of the 
Royal Irish Academy, of the Linnean and Geological Societies 
of London, of the Royal Geological Society of Dublin, and of 
various kindred Societies in Europe and the United States. His 
most important work was his “Characteristic British Fossils,” 
which was incomplete at the time of his death, 

Mr. Skth Green, whose death from paralysis of the brain 
is announced from New York, made a great reputation in con- 
nection with fish culture in the United States, He died at the 
age of seventy-one. Mr. Green was appointed in 1868 one of 
the Fish Commissioners of New York, and soon afterwards was 
made Superintendent of Fisheries in that State. He was 
decorated with two gold medals by the Society cl’Acclimatation 
of Paris. Mr. Green was the author of “ Trout Culture,” 1870, 
and “ Fish Hatching and Fish Catching,” 1879. 

Neutral chloride of platinum has been obtained in fine per- 
manent crystals of the composition PtCl4 . 4H3O by M. Engel 
{^Bulletin de la Soc. Chinu), The universally-employed chloride 
of platinum is, as is well known, in reality a chloroplatinate, 
■PtCl4 . 2 HC 1 . 6H2O ; and the neutral chloride cannot be 
obtained from it by merely raising its temperature, which causes 
it to part with a portion of its chlorine in addition to the hydro- 
chloric acid, leaving the lower chloride, PtClj, Some time ago, 
however, a neutral salt was prepared by Norton, who assigned 
to it the formula PtCl4 . SHaO. Norton's method of preparation 
consisted in the addition of silver nitrate to the ordinary com* 
tnercial chloride of platinum in the proportion of two molecules 
of the former to one of the latter. The composition of the pre- 
cipitate appears never to have been thoroughly cleared up, but 
the filtered liquid was found to deposit crystals of the neutral 
chloride. As the whole subject appeared involved in a certain 
amount of doubt, Engel has repented Norton's’ work, and finds 
that the neutral chloride is obtained under these conditions, but 
that the crystals contain only four molecules of water of crystal- 
lisation. The reaction, moreover, is shown to proceed in the 
following manner 

PtCU . aHCl -I- aAgNOa = 2AgCl + PtClj -f 2HNO,- 
The best mode of preparing the neutral chloride of platinum, 
according to Engel, consists in dissolving in a solution of the 


chloroplatinate the necessary quantity of oxide of platinum, pre- 
pared by Fremy's method, in order to neutralize the excess of 
hydrochloric acid. The filtered liquid, on evaporation, then 
deposits beautiful crystals of PtClt * 4H3O, permanent in the 
air, and not fat all deliquescent like the chloroplatinate. The 
composition of these crystals was determined both by weighing 
the metallic platinum left on calcination of a known wei^t, and 
by estimation of the chlorine by fusion of the crystals with car- 
bonate of potash and precipitation with silver nitrate. 
water was, of course, given by difference. In spite of the 
bility of the chloroplatinate. it is a somewhat curious fact that 
the powdered crystals of the neutral chloride do not take up 
hydrochloric acid gas at ordinary temperatures. At about 50’ C., 
however, the chloride partially liquefies under the influence of a 
dry current of the gas, forming the chloroplatinate. As might 
be expected from its non -deliquescence, the new chloride is very 
much less soluble in water than is the ordinary chloroplatinate. 

The Portuguese Government has given notice that from 
August I meteorological signals will be established at six 
semaphore stations along its coast, between the River Douro- 
and Cape St.’ Vincent, and shown to passing vessels requiring 
information as to the .state of the weather in the Bay of Biseky, 
at Gibraltar, and at Madeira. Each notice will indicate the time 
to which the information refers, the locality to which it has- 
reference, and the direction and force of the wind, together 
with any other particulars which the Lisbon Observatory may 
consider it expedient to give. The signals will usually be made 
by flags, of the International Code of Signals, or by semaphore, 
when colours of flags would not be easily distinguished. This 
useful information is at present only to be obtained from very 
few countries. 

In the new number of the Journal of the Anthropological 
Institute there is an interesting note, by Mr. Basil Hall Chamber- 
lain, on the Japanese “go-hei,” or paper offerings to the Shinto 
gods. It has been thought by some European travellers that 
the Japanese, prompted by equal frugality and irreverence, offer 
paper to their gods because it is the cheapest article at hand. 
Mr. Chamberlain suggests a more re.asonable explanatioih. 
Though paper is now used in the ceremonies of the Shinto re- 
ligion, this vras not so in days preceding the eighth century of 
the Christian era. The offerings then were made of two kinds 
of cloth—a white kind made of the paper-mulberry {Brouss^ 
netia papyrifrra)^ and a blue kind made of hemp. Such cloth 
was the most precious article in the possession of a population to 
whom luxury and art were unknown. Later on, when Chinese 
civilization had brought a variety of manufactures in its train, 
hempen cloth ceased to be regarded os a treasure worthy of the 
divine acceptance; and, frugality perhaps helping, and partly 
also in accordance with that law of progress from the actual to 
the symbolical which characterises all religions, paper began to 
be used instead. Mr. Chamberlain is unable to determine the 
date of the change, Shinto having suffered such an eclipse fipom 
the eighth to the seventeenth century that little regarding .4^^ 
mediaeval history has been preserved. During all that 
Buddhism reigned supreme. Speaking of the general charkCl^' 
of Shinto 08 a national religion, Mr. Chamberlain says 
even native commentators, over anxious as they are to 
everything Japanese at the expense of everything foreigo^ic^ 
knowledge that it has no moral system, no bc^y of views of any 
kind save worship of the gods who were the ancestor* of 
Imperial House. For this reason Shinto collapsed utte^^'i 
the touch of Buddhism, and it fails to support itself now, 
an attempt is being made to revive it for poHticsd purposee>;J ; 
has nothing in it that appeals to the religious iostincte, of lA 
.IHKVte. 

Messes. Georoe Phiuf and Son Konouime that 
made arrangements for the poblieatioin w ZkombefMkt w 
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** The Educational Annual/’ a handy reference volume of about 
aoo crown octavo pages on educational subjects, which is likely 
to prove a convenience to school managers, teachers, and others 
interested in the promotion of national education. It is pro- 
posed to review elementary education, technical education, 
agricultural education, industrial, reformatory, truant, and 
ragged schools, secondary education, and, generally, the purpose 
and work of the Education Department, the Science and 
Alt Department, the training of teachers, and the teachers' 
oi;ganizations. 

Messrs. Sonnenschein and Co. will issue shortly a trans- 
lation of Moritz Hauptmann’s “ Nature of Harmony and Metre.” 
The work consists of three parts. The first part considers the 
evolution of harmony from acoustics, taking as basis the 
Hegelian theory of sound. In the second part the author dis- 
cusses metre and rhythm, which are respectively analogous to 
harmony and melody. The last part of the book is concerned 
with the union of metre and harmony — that is, harmony and 
melody in concrete combination with metre and rhythm. 

A srKCiviEN of the golden mullet {Mugil auratus^ Risso), 
310 mm. in length, has been caught at Stromstad, on the south- 
west coast of Sweden. Only once before has a specimen of this 
fiah been caught on the Swedish coast. 

The authorities of the Mason Science College, Birmingham, 
have issued the syllabus of day classes to be held during the 
session 1888-89. 

Ac:corijING to the American NaturalUty the proposed site of 
the National Zoological Park at Washington is one of great 
beauty, and even grandeur. It is in the valley of Rock Creek, 
just beyond the city limits, and at two points walls of rock 
rise to a height of over 80 feet; The Rock Creek will afford 
what the American Naturalist describes as ** \tnrivalled 
facilities ” for the care of aquatic mammals and birds of all 
kinds. Nearly the whole tract is covered by a fine growth of 
forest trees. 

The additions to the Zoological Society’s Gardens during the 
past week include a Bonnet Monkey {Macacus sinicus ? ) from 
India, presented Mr. William Norman ; a Lesser White-nosed 
Monkey ( Cercopitheeus petaurista 6 ) from West Africa, pre- 
sented by Mr. W. Blandford Griffith ; a Tiger {Felis tigris $ ) 
from India, presented by Sir E. C, Buck, C.M.Z.S. ; a Bengal 
Cat {Felis bengaiensis) from India, presented by Mr. W. L. 
Sclater, F.Z.S. ; a Black backed Piping Crow [Gymnorhina 
l 9 H€anoia\ two Lead heater’s Cockatoos {Cacaiua leadbeattri) 
from Australia, a Common Magpie {Fica rustica)^ four Common 
Herons (Ardea einerea), British, two Himalayan Monauls 
{Lophophorus impeyanus d d ) from the Himalayas, two Gold 
Pheasants ( Thaumalea pitta 69), two Silver Pheasants 
(Muplocamtts nyethemerus <J g ), two Mandarin Ducks (j^x 
galMeulaia) from China, a Javan Pea- fowl {Pavo spicifer $) 
from Java, two Common Pea-fowls (Paz/o ndstatm i 9 ) from 
India, a Rose-crested Cockatoo {Cacatua moluccensis) from 
JUioluccas, a Hyacinthine Macaw (Ara AyacintAina), a Blue 
and Yellow Macaw {Ara araratma) from South America, a 
Great Eagle Owl {Bubo maximus\ European, presented by Mr. 
Charles Cliff on, F.Z.S- ; a Bare- eyed Cockatoo {Cacatua 
gymnapis) from North Australia, presented by Mrs. Fishlock ; 
an Imperial Eagle {Aquila imptralis) from Morocco, presented 
hf Mri. Emest H. Forwood ; two American Box Tortoises 
(Ttrrapme two Alligator Terraplne {CAtlydra serpon- 
Hua), a Speckled Terrapin {Clemmps guitata)^ fohr Sculptured 
Terrapins {C/emmys inttu/pia) from North America, presented 
O. C. Marsh, C<M.Z.S. ; a Homed lAttixd (PApynosoma 
from North America, preiented by Master Howard 
Subdbtt ; six Guinea Pigs (Cazda pore^Hus^ wt*), presented by 
Mr. R. Jknnatt.} a Common KingAstber ispM)^ 


British, deposited ; a New Zealand Pavrakeet {Cyanorhamphus 
novd'^alanduE) from New Zealand, purchased ; two Chinchillas 
{Chinchilla lanigera)^ born in the Gardens, 


OUR ASTRONOMICAL COLUMN 

Comet 1888 c (Brooks). — Dr. H. Kreutz {Asfr. Nackr.^ No. 
2853) has computed the following elements and ephemeris for 
this comet from observations made at Vienna on August 9, 
and at Sirassburg on August 10 and ii. The middle place 
was represented closely, 

T =: 18S8 July lO, 1982, Berlin M.T. 

= 34 36*90 / 

S3 = 94 59*69 !' Mean Eq. i888'0. 

, = 71 35*07 ) 
log q = 9‘92444 

.T = [9‘S>743] r . sin {v -h 229 57-12) 

y =r [9*99943] . sin {v -I- 148 23*72) 

= = t 9 ‘ 97573 ] • sin {v + 59 24*32) 

Lphemeris for Berlin Midnight > 

1886. K.A. I)ccl. Log r’. Log a. Bright 

h. m. a. o ncsE. 

Aug. 23 ... 12 5 53 ... 42 14*0 N.,.. 0-0390 0-2201 ... 0*74 

25 ... 12 19 20 ... 4f 26*1 

27 ... 12 32 20 ... 40 33*4 . . 0*0568 ... 0 2254 ■ 0*67 

29 ... 124450 3936*5 

31 ... 12 56 49 ... 38 36-1 ... 0 0746 ... 0-2326 ... 0*00 

Sept. 2 ... 13 8 17 ... 37 32*8 

4 ... 13 19 16 ... 36 27*2 ... 00921 ... 0-2413 .. 0-53 

6 ... 13 2945 • • 35 I 9'9 

8 13 3946 ... 34 11*3 N.... 0*1094 0-2514 .. 0*47 

The brightness on August 9 is taken as unity. 

Yale College Observatory.— The Reports of this Obser- 
vatory for the last two years have recently been published. That 
for the year 1 886 -87 notes the retirement of Mr. Orray T. 
Sherman, who had charge of the Thermometric Bureau up to 
the date of his resignation in November 1886, and the renewal 
of subscriptions for the support of the work with the heliometer 
for another j^eriod of three years. Prof. Loomis had borne the 
expense of printing and distributing Dr. Elkin’s memoir upon 
the Pleiades, and a second grant of 600 dollars had been made 
from the Bache Fund to enable Mr. Asaph Hall, Jun., the 
Assistant Astronomer at the Observatory, to carry on his obser- 
vations of Titan for the determination of the mass of Saturn. 
Dr. Elkin had continued his heliometer measures for the deter- 
mination of the mean parallax of the first magnitude stars ; and 
the Report for 1887-88 records the completion of this work, and 
gives the results for the ten stars observed. These are as 

Aldebaran q- 0*116 ± 6 029 a Leonis + 0*093 ^ 0*048 

C^ella + 0*107 ± 0*047 Arctunis + 0*018 ± o 022 

a Orionis - 0*009 ^ ® Lyrse + 0*034 ± 0 045 

Procyon + 0*266 ± 0*047 1 a Aquilee + 0*199 ^ 0*047 

Pollux 4- 0*068 ± 0*047 t * Cygni - 0*042 ± 0*047 

The probable errors include an estimation of the probable sys- 
tematic error of the measures, and are not as usual confined to 
the mere casual error of observation. 

The results for Procyon and a Aquilse are in close accord with 
those obtained bv Auwers and Wagner for the first .star, and by 
W. Struve for the second ; and that for Aldebaran agrees with 
Prof. Asaph Halt’s value ; the value found by O, Struve— viz. 
+ o" *5 16— would appear, therefore, to be erroneous. But Dr. 
Elkin^ parallax for a Lyrse is mueh smaller than the results 
which have been hitherto obtained by other observers, and 
which give* in the mean a parallax quite nve times as great as he 
has found. But the most remarkable result is that obtained for 
Arcturus, the practically insensible parallax of which seems in 
such fetrong contrast to its large proper motion. Dr. Elkin is 
well satisfied that the parallax of this star la extremely small, for 
his value depends upon eighty-nine oUervations and on five 
pairs of com^tison stars, all in reasonable agreement. 

The mean of the ten parallaxes gives for the mean parallax of 
a first magnitude star^ 

-b o"'o 89 d: o"*oiS, 

a result according well with the values deduced by Gylddn 
(o"'o 84) and Peters (o’''iox). 
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The heliometer is at present eq^^ed on a triansulation of 
etars near the North Pole for Prof. Pickerings but the last three 
months of the present year it U to be employed in the deter- 
mination of the solar parallax during the extremely favourable 
opposition of Iris. Measures of the diameters of the sun and of 
Mars, measures of certain double stars, the investigation of the 
parallaxes of 6 B Cygni, and of 18115/22 I^lande, are amongst 
the other labours of the Observatory. Mr. Hall has nearly 
completed the reduction of his measures of Titan. 

Gravitation in the Stfxlar Systems,— Prof. Asaph Hall 
supplies an interesting paper on *' The Extension of the Law of 
Gravitation to Stellar System'^," in Cou/i/ s Astronomical Journal^ 
No. 177, to which Dr. Elkin’s new value of the parallax of Arcturus 
tnignt afford a most striking illustration. Prof. Hall shows that 
there is a theoictical difficulty in proving the law of Newton for 
•double stars which we cannot overcome, though the probability 
of the existence of this law’ can be increased as more double 
star orbits, and iho.se very differently situated* are determined. 
Still, even then, before the universality of the law enn be 
inferred, there remains the difficulty of the so-callcd “runaway ” 
stars* like Groom bridge 1830, stars moving through space with 
the Rj^ed of a comet at perihelion, and yet with no visible 
attracting body near them. Of these Prof. Hall supplies a list. 
But if Dr. Elkin's value of the parallax of Arcturus i)e accepted, 
that star would outstrip any of those given in this table. For 
tU speetl in the direction at right angles to the line of sight 
would be 373 miles per second, a speed compared with which 
its f-pced in the line of sight, as given by Dr. Huggins, 55 
miles per second, becomes small. Prof. Mail concludes, there- 
fore, that though Newton’s law is one of the greatest generaliza- 
tions of science, it is better and safer “to await further 
knowledge before we proceed, as Kant has done, to construct 
the universe according to this law.” 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 AUGUST 2^— SEPTEMBER i. 
/Ip OR the reckoning of time the civil day, commencing at 
' ^ Greenwich mean midnight, counting the hours on to 24, 
«s here employed. ) 

At CrttmoUk on Anmst 36 

Sunrises, 5h. 5m. ; soutl^ I2h. im. 28*9^. ; sets, 18I1. 5710. : 
right asc. on meridian, loh. 22 im. ; decl. lo** 11' N. 
Sidereal Time at Sunset, I7h. 19 m. 

Moon (at Last Quarter August 29, I4h.) rises, 2oh. S4m.*; 
•outlis, 3h. 22m. ; sets, loh. 2m. : right a.>c. on meridian, 
ih. 41 dm, 

Plantt. 

Mercury., 

Venus ... 

Mars ... 

Jupiter ... 

Saturn ... 

Uranus... 

Neptune.. 2 1 


Rii«c. 

South*. 

Set*. 

Rif^ht Ate. 

on 

h. Ri. 

b. m. 

h. m. 

h. m. 

5 14 -- 

. !2 13 

. 19 12 . 

. 10 33’8 

6 14 .. 

. 12 SI 

. 19 28 . 

. 11 It'S 

12 27 .. 

. 16 48 . 

.21 9 . 

. IS 9'6 

13 2 .. 

• 17 23 . 

.. 21 44 . 

. >S 44'5 

3 6 

. 10 43 . 

. 18 20 . 

• 9 3*5 

8 59 ■. 

■ H 35 • 

. 20 n . 

. 13 56"i 

21 56*.. 

■ 5 43 • 

■ 13 30 ■ 

. 4 2-3 


* Indicates that the lislnff is that of the preceding evening. 
VariabU Stan, 


10 52 N. 
6 4«N. 
19 13 S. 

19 8S, 

17 33 N- 

5 30 S. 

18 59 N. 


Sur. 

RArictis ... 

R Ceti 

K Tauri 

U Monocerotis 
R Virginis ... 
S BobtU 
2 Ubrse 
W Scorpii ... 
W Ophiuchi 
R Draconis ... 
U Ophiuchi... 



tJ Sagittarii... 

8 Lyras 

R Aqullte ... 
'X Cygnl 

Af signifies 


R.A. 

Decl. 

h, m. 


2 9*8 . 

. 34 32 N. 

2 20*3 . 

. 0 41 s. 

3 S 4 'S ■ 

. 12 10 N. 

7 25-5 . 

9 33 S. 

12 33*8 . 

. 7 36N. 

14 I9’i ■ 

54 >9 N, 

14 55*0 • 

. 8 48. 

16 5*3 . 

19 s« s. 

16 15 ‘4 . 

. 7 26 S. 

16 32-4 . 

.67 0 N. 

17 ro-g . 

I 20 N. 

‘2 S 7 '9 . 

• » 35 S. 

18 X4-8 . 

is 55 S. 

18 as *3 . 

t9 12 S. 

tS 46*0 . 

33 14 N. 

19 1 *0 . 

'8 4 N. 

30 39.X) , 

35 II N. 


h. ir. 

Aug. 36, M 
,, 27 i 

,, 37, 33 41 m 

,, 31, Sti 33 

I. a?* W 

» 3L M 
M 27, ^ 

30, 33 8 m 
» I 28, M 
1 1 28, M 
M 30. ^ 

„ 30, '6 38 m 
.« 30, 30 36 til 
27, o Ojlf 

r. a7f t oM 

>» 3U o 0 M 
,, 36 f 0 o Af 
36, I 0 ff $2 
m 
0 m 


n 29, 

Sept. I, 3 
muimum ; m minimum ; m, seeondaiy miahnmn. 


Oec$$/eatioH of Star by tko Moon (visible at Grmnwieh), 


Aug. Star. MsLg. Dieap. 

h. m. h. m. 

26 ... Ceti 4 ... 33 30 ... O 33 + 

f Occurs on the following moralog. 
Mttoor-Skouftrs, 

R.A. Decl. 



... 11 N. ... Swift. 

Near 3 Trianguli ... 30 ... 35 N. 

M 33 <'-yg>’i 30s 54 N. ... Swift, bright. Sept, I, 

,, 8 Cephei 336 ... 58 N. ... Swift. 


GEOGRAPHICAL NOTES. 

The 7 'imcs printed on Tuesday the substance of communica- 
tions received from Mr. Joseph Thomson, dated from the city of 
Morocco, July 22. Mr. Thomson writes in the highest spirits, 
and with evident satisfaction at the results he has so far attained ; 
for much of the country through which he has had to pass is in 
a state of rebellion, and the local authorities have done more to 
hindjr ih.in to help him. Mr, Thomson sailed from Tangier to 
Casablanca, and thence travelled overland to Mogador, Affer 
three weeks’ preparation there he made his final start, and, as he 
states, soon ciiscovcred that the greatest danger to his success 
would not l>e the mountaineers nor even the opposition of the 
Government officials, but the half-dozen men who formed the 
personnel of his small party. Mr. Thomson's past experience in 
Africa enabled him to deal effectively with this difficulty. By a 
series of surprises and cleverly- planned excursions he has been 
able to. enter the mountain fastnesses of Morocco and do more 
than any previous traveller has done. F rom Demnat he made 
two extremely interesting trips into the lower ranges, visiting 
Rome remarkable caves and equally remarkable ruins, and one of 
the most wonderful natural bridge* aqueducts in the world. Geo- 
logically and geographically these trips are alike important. They 
were followed by a dart across the main axis of the Atlas to the 
district of Tiluii, which lies in the basin of the Draa. Here he 
spent a very delightful ten days, though virtually a prisoner. As 
the tribes further west on the southern slope were in revolt, Mr, 
Thomson was compelled to return to the northern plains. 
Starting once more, he crossed the mountains by a pass a little 
south of Jebel Tizah, ascended by Hooker, and reached Gindafy 
safely. He was able to make a trip up a wonderful caPlon, 
which he declare.^ rivals those of America for depth and grandeur, 
and ascended a mountain, where he and his party were confined 
to their tents until it suited them to go back to their starting - 
point. Here, unfortunately, Mr. Thomson’s young companion, 
Mr. Crichton Browne, was stung by a scorpion, and they were 
compelled to return, happily by a new route. Though laid up 
for a period, fortunately in time Mr. Crichton Browne recovered. 
From his previous starting-point Mr. Thomson scored another 
great triumph. He crossed the mountains once more, and 
ascended with no small danger and difficulty the highest peak of 
the Atlas Range north of Amslvlz, a height of 12*500 feet — the 
highest peak, by 1500 feet, ever attained. This he describes a$ 
the most interesting of all his trips* and he enjoyed U thoroughly* 
though he had to sleep on the ground and was glad to muce a 
meal on walnuts. On his return, Mr. ThomMn deemed it 
advisable to go into the town of Morocco to recruit and wait the 
arrival of further supplies from the coast. He intended to 
resume work in a few days after the date of his letter. He 
proposed first to make fbr the Urika River and penetrate the 
mountains up its course. He will then work his why roUnd to 
Mogador, which he expects to reach about the end of August, 
There probably his work of exploration will end, though he may 
make one or two short trips into the interior and down to i^Efidir. 
The return route to Tangier will probably be from Mogador to 
the citv of Morocco* thefict to Meaagtn on the coast, and on to 
CaaabUtica and Rahetk Then he will leave the sea a^n and 
50 Mequinez and Fea, teaching Tangier about the, and of the 
vear. The understands that his coutributiions to vacioeR ! 
brandies of science, aipeciaily to botapy* will be af the higheet 

A LETTER from Cayenne to the Tmpt tfaajt Mi 

Coudraau, who has recently explorad Ouibu, amved Me Uit 
month after having traaelftd for^^ktwm monitHe hi lihe iraifatNi ' 
2 ange of the Tumuc4iaiiiac Mountains, bdwatet tlm «cuiamv.al ' 
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the Uany and that of the Camopy. Starting by the Marooii 
M. Cottfluean, afW having gone up the Itany and explored the 
region lahidh it waters, came down to the coast by Maronitni* 
Criquot which U a very large tributary of the Maront River. M. 
Coodreau is the first Fren^man who has passed a consecutive 
winter and summer in theTumuc-Humac Mountains, and though 
he did not himself suffer very much from the effects of the 
expedition, the same cannot be said of his companions, as the 
only European who accompanied him was brought near to death's 
door by fever, from which most of the natives also suffered. M. 
Coudreau escaped with nothing worse than rheumatism, and 1 ^ 
says chat the climate of the Western Tuntuc-Humac is not had. 
The result of 1200 observatioiis taken by him puts the mean 
temperature at yo"*, and the country is a magnificent one ; but 
the difficulty of reaching it is very great owing to the uncertainty 
of communicfttion with the coast. M. Coudreau and hU com- 
panions, when they had exhausted their provision^, had to go 
and live out in the open with the Indians, leailing the same kind 
of existence, and depending for food upon the game, fish, and 
fruit that they could shoot, fish, and gather. For eight months 
M. Coudreau lived the regular native life, and he had become 
so accustomed to it that he was very popular with the Kucuy- 
ennes, whose language he had learned to speak, and he induced 
the pamenchi (captain) of the tribe and four of his lieutenants to 
accompany him to Cayenne, where their arrival created a great 
sensation, as the people of the town did not l>eUeve in their 
existence. M, Gerville* Reache, the Governor of the colony, 
received them with great hospitality, and made them several 
presents. The most important fact brought out by M. Coudreau 
IS the existence in Upper Guiana, which is acknowledged French 
territory, of sixteen new Indian tribes, forming a group of at least 
20,000 persons ; and these Indians are not, as was supi>osed, 
mere nomads, living upon the produce of th^ir guns and noshing- 
nets, but are sedentary in their habits, and have attained a certain 
degree of civilization. M. Coudreau is about to start on a fresh 
expedition to the Appruague and the Oyapack, and does not 
expect to get back before next spring. 


THE GASES OF THE BLOOD} 


II. 


'"pHE next step was the discovery of the important part per- 
^ formed in respiration by the colouring matter of the red blood 
corpuscles. Chemically, these corpuscles consist of about 30 or 
40 per cent, of sokd matter. These solids contain only af)out i 
per cent, of inorganic salts, chiefly those of potash ; whilst the 
remainder are almost entirely organic. Analysis has shown that 
JOo -parts of dry organic matter contain of hflemoglobin, the 
colouring matter, no less than 90*54 per cent. : of proteid sub- 
stances, 8*67 ; of lecithin, 0-54 \ and of cholesterine, o‘25. The 
colouring matter, hemoglobin, was first obtained in a crystalline 
state by Funke in 1853, and subsequently by Lehmann. It has 
been analyzed by Hoppe- Seyler and Carl Schmidt, with the 
result of showing that it ha<i a perfectly constant composition. 
Hoppe- Sevier's analysis first appeared in x868. It U now well 
known to be the most complicated of organic sul>8tances, having 
a formula, as deduced, from the analyses I have junt referred to, 
by Preyer (1871), of 

^800^9(10^184^^^80 17fl- 

In i86a, Hoppe- Seyler noticed the remarkable spectrum pro- 
duced by the al^rption of light by a very dilute solution of 
blood. Immediately thereafter, the subject was investigated by 
Prof ^Stokes, of Cambridge, and communicated to the Royal 
Society in 1864. If white light be transmitted through a thin 
stratum of blooch two discioct absorption bands will be seen. 
One of these bands next D is narrower than the other, has more 
•barply defined edges, and is undoubtedly blacker. ** Its centre," 
as described by Dr. Gmmgee (** Physiological Chemistry," 
p. 97), corresponds with wavc-lengffx 579,® and it may 
conveniently be distinguished as the absorption bhnd, a. In 
tltoJHWGtmno of oxyhsemoglobin. The second of the absorption 
bands^that is, the one neitt to E— ^hich we shall designate 
is hsoader, has le^ sharply defined edges, and is not so 


* Addfstt to tha Bridth Madical AwooladDii «t iw anotial omtine at 
pnnw* XkilMwiad on A^giurt to iti tha Kautfal PfdloMphy oloM-room, 

MoKwHlrielc, LL.D., F R.SS.L 
FrSj&isor ofthe IntdtutM ofMedidmeio the Ualvornty 
aTtgateow. Coadmtsd from p. jSa. 

* mT3a««ee giw#* the m^uramenri oT tbs wavt-loogtht la miUlOfidu, 
hot In t^^ttOiiemhs efa mllUmetrs. 


dark as a. Its centre corresponds approximately to wave- 
length 553 '8. On diluting very largely with water, nearly 
the w^hole of the spectrum appears beautifully clear, except 
where the two absorption banas are situated. If dilution W 
pursued far enough, even these disappear ; before they disappear 
they look like famt shadows obscuring the limited port of the 
spectrum which they occupy. The last to disappear is the band 
o. The two absorption bands are seen most distinctly when a 
stratum of I cm. thick of a solution containing i part of haemo- 
globin in 1000 is examined ; they are still percei>tible when the 
solution contains only i part of hmmoglobin in 10,000 of water." 

Suppose, on the other hand, we begin with a solution of blood 
in ten times its volume of water ; we then find that such a solu- 
tion cuts off the more refrangible part of the spectrum, leaving 
nothing except the red, *‘or, rather, those rays having a wave- 
length greater than about 6cK> mUHonths of a millimetre." On 
diluting further, the effects, as well described by Prof. Gamgee, 
are asTollows now the blood solution be rendered much 

more dilute, so as to contain 8 yycr cent, of haemoglobin, on 
examining a spectrum i centimetre wide the spectrum becomes 
distinct up to Fraunhofer’s line D (wave-length 589)— that is, the 
red, orange, and yellow are seen, and in addition also a portion of 
the green, between and F. Immediately beyond D, and between 
it and however (lietween wave-lengths 595 and 518), the 
absorption is intense." 

These facts were observed by Hoppe- Seyler. Prof. Stokes 
made the very important contribuiion of observing that the spec- 
trum was altered by tlie action of reducing agents. Hoppe- Seyler 
had observed that the colouring matter, so far as the spectrum 
was concerned, was unaffected by alkaline carbonates, and caustic 
ammonia, but was almost immediately decomposed byacid-', and 
also slowly by caustic fixetl alkalies, the coloured product of 
decomposition l>eing h:ematin, the spectrum of which was known. 
Prof. Stokes was led to investigate the subject from its physio- 
logical interest, as may be observed on quoting his own words 
in the classical research already referred! to. “ iJut it seemed to 
me to be a point of special interest to inquire whether we could 
imitate the change of colour of arterial into that of venous blood, 
on the supposition that it arises from reduction." 

He found that — 

“If to a solution of proto-sulphate of iron enough tartaric 
acid be added to prevent precipitation by alkalies, and a small 
quantity of the solution, previously rendered alkaline by either 
ammonia or carbonate of soda, be added to a solution of blood, 
the colour is almost instantly changed to a much more purple* 
red as seen in small thicknesses, and a much darker red than 
before as seen in greater thickness. The change of colour which 
recalls the difference between arterial and venous blood is striking 
enough, but the change in the absorption spectrum is far more 
decisive. The two h^hly characteristic dork bands seen before 
are now replaced by a .single band, somewhat broader and less 
sharply defined at its edges than either of the former, and occupy- 
ing nearly the position of the bright band separating the dark 
bands of the original solution. The fluid is more transparent 
for the blue and less so for the green than it wa's before. If the 
thickness be increased till the whole of the spectrum more re- 
frangible than the red be on the point of disappearing, the last 
part to remain is green, a little beyond the fixed line in the Ctose 
of the original solution, and blue some way beyond F, in the case 
of the modified fluid. ” 

From these observations, Prof. Stokes wa» led to the important 
conclusion that — 

“The colouring matter of blood, like indigo, is capable of 
existing in two states of oxidation, distinguishable by a differ- 
ence of colour and a fundamental difference in the action on the 
spectrum. It may be made to pass from the more to the less^ 
oxidized by the action of suitable reducing agents, and recovers 
its oxymn bv absorption from (he air." 

To the oolouring matter of the blood Prof. Stokes gave the 
name of ernorine, and describerl it in its two states of oxidation 
08 scarlet cruorine and purple cruorine. The name hsemoglobin, 
given to it by PIoppe*Se^ev, is generally employed. When 
united with onygen it is called oxyhsemoglobin. and when in 
the reduced state it is teemed reduced htemoglobin, or simply 
hecmoglobui. 

The s^uiofcoplc evidence w, therefore, complete. Hoppe* 
Seyien Hfifiier, and Prefer have shown also that pare crystallized 
hmmogtobhi iWtbs and retains in combination a quantity of 
oxygen equal io that contained in a volume of blood holdins the 
i same amonoc of hieaiqriobin. Thus, 1 gramme of hamtogR^n 
I absorbs rf6 onfaic c«iumetre of oxygen at o'’ C. and 760 tniUi- 
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metre* pressure ; end, as the average amount of hsemoglobin in 
blo^ U about 14 per cent., it follows that 1-56 x 14 = 31*8 
cubic centimetres of ox;gen would be retained by 100 cubic 
centimetres of blood. This agrees closely with the fact that 
about 20 volumes of oxraen can be obtained from too 
volumes of blood. According to PhUger, arterial blood is satu- 
rated with oxygen to the extent of nine-tenths, while Hiifner 
gives the figure at fourteen- fifteenths. By shaking blood with 
air, its oxygen contents can be increased to the extent of from 
I to 3 volumes per cent. 

These important researches, the results of which have been 
amply corroDorated, have given an explanation of the function 
of the red blood corpuscles as regards respiration. The haemo- 
globin of the venous blood in the pulmonary artery absorbs 
oxygen, becoming oxy haemoglobin. This is carried to the 
tissues, where the oxygen is given up, the haemoglobirv being 
reduced. Thus, the colouring matter of the red blood corpuscles 
is constantly engaged in conveying oxygen from the lungs to the 
tissues. Probably the union of haemoglobin with oxygen, and 
its separation from it, are examples of dissociation — that is, of a 
chemical decomposition or synthesis, effected entirely by physical 
conditions ; but data regarding this important question are still 
wanting. If the union of oxygen with the colouring matter is 
an example of oxidation, it must be attended with the evolution 
of heat, but, so far as 1 know, this has not been measured. In 
co-operation with my friend, Mr. T. T. Bottomley, I have recently 
Iwrn able to detect, by means of^^a thermo-electric arrangement, 
a rise of temperature on the formation of oxy haemoglobin. 
We mean to prosecute our researches in this direction. If 
heat were produced in considerable amount, the arterial blood 
returned from the lungs to the left auricle would be hotter than 
the blood brought to the right auricle by the veins. This, how- 
ever, is not the case, as the blood on the right side of the heart 
is decidedly warmer than the blood on the left — a fact usually 
tLccounted for by the large influx of warm blood coming from the 
liver. The heat-exchanges in the lungs are of a very complicated 
kind. Thus, heat will be set free by the formation of oxyhaemo- 
globin j but, on the other hand, it will be absorbed by the 
escape of carbonic acid, and by the formation of aqueous vapour, 
and a portion will be used in heating the air of respiration. 
The fact that the blood in the left auricle is colder than that of 
the right auricle is, therefore, the result of a complicated series 
of heat-exchanges, not easy to follow. 

Our knowleoge as to the state of the carbonic acid in the 
blood is not so reliable. In the first place, it is certain that 
almost the whole of the carbonic acid which may be obtained 
exists in the plasma. Defibrmated blood gives up only a little 
more carbonic acid than the same amount of serum of the same 
blood. Blood scrum gives up to the vacuum about 30 volumes 
per cent, of carbonic acid ; but a small part-»“according to 
Pfluger, about 6 volumes per cent. — is given up only after 
adding an organic or mineral acid. This smaller part is che- 
mically bound, just as carbonic acid is united to carbonates, 
from which it can be expelled only by a stronger organic or 
mineral acid. The ash of scrum yields about one-seventh of its 
weight of sodium ; this is chiefly united to carbonic acid to form 
carl^nates, and a part of the carbonic acid of the blood is united 
to those salts. It has been ascertained, however, that Hefibrin- 
ated blood, or even serum containing a large number of blood 
corpuscles, will yield a large amount of carbonic acid, even 
wirtiout the addition of an acid. I'hus, defibrinated blo(^ will 
will yield 40 volumes per cent, of carbonic acid — that is, 34 
volumes which would be also given up by the serum of the same 
blood (without an acid), and 6 volumes which would be yielded 
after the addition of an acid. Something, therefore, exists in 
defibrinnted blood which acts like an acid in the sense of setting 
free the 6 volumes of carbonic acid. Possibly the vacuum may 
cause a partial decomposition of a portion of the hsemoglobin, 
and, as suggested by Hoppe- Seyler, acid substances may thus 
be formed. 

But what is the condition of the remaining 30 volumes per 
cent, of carbonic acid which are obtained by the vacuum alone? 
A portion of this is probably simply absorbed by the' serum ; this 
tt escapes in proportion to the decrease of pressure, and it may 
considered to be physically absorbed. A second part of this 
carbonic acid must exist in chemical combination, as is indicated 
by the fact that blood serum takes up far more carbonic acid 
than is absorbed by pure water. On the other hand, this chemicsu 
combination is only a loose one, because it is readily dissolved by 
the vacuum. There can be no doubt that a part of this carbonic 
acid is loosely bound to carbonate of soda, NagCOg, in the serum, 


probably to acid carbonate of soda, NaHCOg. This com|mand 
exists only at a certain pressure. On a fall eff pressare, it de- 
composes into sodium carbonate and carbonic acid, the latter 
becoming free. A third part of this carbonic acid is probably 
loosely bound chemically to disodium phosphate, Na|HP04, a 
salt which also occurs in the blood serum. Fernet has shown 
that it binds two molecules of carbonic acid to one molecule of 
phosphoric acid. This salt occurs in considerable quality only 
In the blood of Carnivora and Omnivora, while in that of 
Herbivura, such as in the ox and calf, only traces exist. It 
cannot be supposed in the latter instances to hold much carbonic 
acid in chemical combination. There must exist, tKerefote, 
other chemical substances for the attachment of the carbonic 
acid of the blood, and it has been suggested that a part may 
be connected with the albumin of the plasma. 

According to Zuntr, the blood corpuscles themselves retain a 
part of the carbonic acid, os the total blood is able to take up far 
more carbonic acid out of a gaseous mixture rich in carbonic acid, 
or consisting of pure carbonic acid, than can be absorbed by the 
seruitLjof the same quantity of blood. No compound, however, of 
carbonic acid with the blood corpuscles is known. 

The nitrogen which is contained in the blood to the amount of 
from 1*8 to 2 volumes per cent., is probably simply absorbed, for 
even water is able to absorb to 2 volumes per cent, of this gas. 

If we then regard the blood as a respiratory medium having 
gases in solution, we have next to consider what is known of the 
breathing of the tissues themselves. Spallanzani was undoubtedly 
the first to oi)serve that animals of a comparatively simple type 
used oxygen and gave up carbonic acid. But be went further, 
and showed that various tissues and animal fluids, such as the 
blood, the skin, and portions of other organs, acted in a similar 
way. These observations were made before the beginning of the 
present century, but they appear to have attracted little or no 
attention until the researches of Georg Liebig on the respiration 
of muscle, published in 1850. He ^owed that fresh muscular 
tissue consumed oxygen and gave up carbonic acid. In 1856, 
Matteucci made an important advance, by observing that mus- 
cular contraction was attended by an increased consumption of 
oxygen, and an increased elimination of carbonic acid. Since 
then, Claude Bernard and Paul Bert, more especially the latter, 
have made numerous observations regarding this matter. Paul 
Bert found that muscular tissue has the greatest absorptive 
power. Thus we arrive at the grand conclusion that the living 
body is an aggregate of living particles, each of which breathes 
in the respiratory medium passing from the blood. 

As the blood, containing oxygen united with the colouring 
matter (hsemoglobin), pt-isses slowly through the capillaries, fluid 
matter transudes through the walls of the vessels, and bathes the 
surrounding tissues. The pressure or tension of the oxygen in 
this fluid l^ing greater than the tension of the oxygen in the 
tissues themselves, in consequence of the oxygen becoming at 
once a part of the living protoplasmic substance, oxygen is Set 
free from the hsemoglobin, and is appropriated by the living 
tissues, becoming part of their protoplasm. Whilst alive, or at 
all events whilst actively discharging their functions, as ift the 
contraction of a muscle, or in those changes we term secretion in 
a cell, the living protoplasm undergoes rapid decompositions, 
leading to the formation of comparatively simple substances. 
Amongst these is carbonic acid. As it has been ascertained that 
the tension of the carbonic acid in the lymph is less than its 
tension in venous blood, it is difficult at first sight to account for 
the absorption of carbonic acid by venous blood ; but its tension 
is higher than that of carbonic acid in arterial blood, and U must 
be remembered that the lymph has had the opportunity, both in 
the connective tissue and in the lymphatic vessels, of modifying 
its tension by close contact with arterial blood. Strassburg 
fixes the tension of the carbonic acid intthe tissues as equal to 
45 mm. of mercury, while that of the venous blood is only 
4t mm. We may assume that as the carbonic acid is set free, it 
is absorbed by the blood, uniting loosely with the carbonates and 
phosphates of that fluid, thus converting it from the arterial into 
the venous condition. This constitutes respiration of tissue. 

In connection vi^ith the respiration of tissue, as determined by 
the analysis of the blood gases and of the gases of respiration, 
there arises the interesting question of the ratio between the 
amount of oxygen absorbed and the amount of carbonic acid pro- 
duced, and very striking contrasts among animals have thus been 
determined. Thus in Herbivora the ratio of the oxygen ahsanhed 
to the carbonic acid produced, or the respiratory quotient 1^ it 

is termed by PflUger. amounts to firom O' to l-p, sybile in^ 
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CarniybrA it i« from 0*75 to 0*8. Onmivora^ of which man may 
be taken as the example, come between = 0*87. The quo- 


tient i 5 £[reater in proportion to the amount of carbohydrate in the 
diet, whether the animals are Carnivora, Herbivora, or Omnivora. 
The respiratory quotient becomes the same, about 075, in starv- 
ing animals, a proof that the oxidations are kept up at the cost of 
tlm body itself, or, in other words, the starving animal is car- 
.nivorous. The intensity of respiration in different animals is 
well shown in the following table, in which the amount of 
oxygen used is given per kilogramme of body* weight per hour 
(Dr, Immanuel Munk, Physiologic des Menschen und der 
Sangethiere,” i888, p. 82).* 




Reapiratoty 

Animiil. 

0 in grttmmeti. 
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Cat 

I '007 

077 

Dog 

1183 

0*75 

Rabbit 

0*918 

092 

Hen 

1*300 

0*93 

Small singing birdn ... 

11*360 

0*78 

t'rofi 

0 084 . , 

0*63 

Cockchafer ... 

roiq 

o'8i 

Man 

0*417 

0*78 

Horse 

0*563 

0*97 

Ox 

0*552 

0*98 

Sheep 

0*490 

... 098 


Smaller animals therefore have, us a rule, a greater intensity of 
respiration than larger ones. In small singing birds the intensity 
is very remarkable, and it will be seen that they require ten times 
as much oxygen as a hen. On the other hand, the intensity is 
low in cold-blooded animals. Thus a frog require.^ 135 times 
less oxygen than a small singing bird. The need of oxygen is 
therefore very different in different animals. Thus a guinea-pig 
i-ioon dies with convulsions in a space containing a small amount 
of oxygen, while a frog will remain alive for many hours in a space 
<|uite free of oxygen. It is well kn >wn that fishes and aquatic 
animals generally require only a small amount of oxygen, and 
this is in consonance with the fact that sea-water contains only 
'imall quantities of this gas. Thus, according to the elaborate 
researches of my friend, Prof. Dittttiar, on the gases of the sea- 
water brought home by the ChalUnger Expedition, collected in 
many parts of the great oceans, and from varying depths : — “ The 
ocean can contain nowhere more than 15-6 c.c. of nitrogen, or 
more than 8‘i8 c.c. oxygen per litre ; and the nitrogen will never 
fall below 8*55 c.c. We cannot make a similar assertion in re- 
gard to the oxygen, because its theoretical minimum of 4*30 c.c 
per litre is liable to further diminution by processes of life and 
putrefaction and processes of oxidation" (Dittmar, Proceedings 
of Phil. Soc. of Glasgow, vol, xvi. p. 61). As a matter of fact, 
a sample of water from a depth of 2875 fathoms gave only 
o’6 C.C. per litre of oxygen, while one from a depth of 1500 
fathom* gave 2*04 c.c. per litre. Taking 15" C. as an average 
temperature, one litre of sea-water would contain only 5 ’31 c.c. 
of dissolved oxygen — that is, about 0^5 c.c. in 100 c.c. Contrast 
this with arterial blood, which contains 20 c.c. of oxygen in 
too c.c. of blood, or there are about forty times as much oxygen 
in arterial blood as in sea- water. At great depths the quantity 
of oxygen is very much less, and yet many forms of life exist at 
these great depths. Fishes have been dredged from a depth of 
2750 fathoms, where the amount of oxygen was probably not 
so much ns o’o6 c.c. per 100 c.c., or 300 times less than that 
of arterial blood. Making allowance for the smaller quantity of 
oxygen in the blood of a fish than that of a mammal, it will still 
be evident that the blood of the fish mu^t contain much more 
oxygen than exists in the same volume of sea- water. No doubt 
we must remember that the water is constantly renewed, and that 
the oxygen in it is in the state of solution, or, in other words, 
in a liquid state. But the question remains, where do these deep- 
sea creatures obtain the oxygen ? Probably by a nlethod of ' 
storage. Biot has found in the swimming-bladder of such fishes 
70 volumetf per cent, of pure oxygen, a gas in which a glowing 
splinter of wood is relit. This oxygen probably oxygenate* the 
blood nf the fiah when it plunges Into the dark and almost airless 1 
depth* of the ocean^ I 

Annatic breathers, however, if they liv^ in a medium contaln- 
inglttfle oxygen, have the advantage that they are not troubled 
with firiee carhonio add. One of the most striki^ (act* discovered 
the chemists is that sea- water contain* no free 


carbonic acid, except in some situations where the gas is given 
off by volcanic action from the crust of the earth forming the 
sea- bed. In orxlinary sea- water there is no free carbonic acid, 
because any carbonic acid formed is at once absorbed by the 
excess of alkaline base present. Thus the fish breathes on the 
principle of Fleuss's diving apparatus, in which the carbonic acid 
formed is ab^'orbed by an alkaline solution. There is nothing 
new under the sun. The fish obtains tlie oxygen from the sea- 
water, no doubt, by the chemical affinity of its hemoglobin, 
which snatches every molecule of oxygen it may meet with, 
while it gets rid of its carbonic acid easily, because there is not 
only no tension of carbonic acid in the sea* water to prevent its 
escape, but there is always enough of base in the sea- water to 
seize hold of the carbonic acid the moment it is formed. If we 
could get rid of the carbonic acid of the air of expiration as 
easily, we could live in an atmosphere containing a much smaller 
percentage of oxygen. 

I have now placed before you the generally accepted doctrines 
regarding the chemical and physical problems of respiration. 
Hut one has only to examine them closely to find that tnere are 
still many difficulties in the way of a satisfactory explanation of 
the function. For example, is the union of hiemoglobin with 
oxygen a chemical or a physical process ? If oxyhxmoglobin is 
a chemical substance, how can the oxygen be so readily removed 
by means of the air-pump? On the other hand, if it is a 
physical combination, why is the oxygen not absorbed according 
to the law of pressure ? It is important to note that, as a matter 
of fact, hsemoglobin absorbs a quantity of oxygen nearly constant 
for ordinary temperatures, whatever may be the amount of oxy- 
gen present in the mixture of gases to which it U exposed. This 
is true so long as the amount of oxygen does not fall below a 
certain minimum, and it clearly points to the union of the haemo- 
globin with the oxygen being a chemical union. Suppose we 
diminish the amount of oxygen in the air breathed, the partial 
pressure of the gas is of course also diminished, but it is evident 
that we might diminish the total pressure instead of diminishing 
the amount of oxygen. To avoid difficulties in respiration, when 
one is obliged to breathe an air deficient in oxygen, we ought to 
increase the pressure at which the air is breathed ; and, on the 
other hand, to avoid danger in breathing air under a low 
pressure, we ought theoretically to increase the richness of the 
air in oxygen. I'hus, with a pressure of 760 mm. the air should 
contain, os it normally does, 21 per cent, of oxygen, while with 
a pressure of 340 mm. it should contain 46 per cent., and with 
a pressure of 250 mm. it should contain as much as 63 per cent. 
On this basis a pressure of 5 atmospheres should be associated 
with an atmosphere containing about 3 per cent, of oxygen. By 
increasing the pressure, we increase the quantity of oxygen by 
weight in a given volume. 

'fbe explanation is that in all of these cases the partial pressure 
of the oxygen is nearly the same — that is, not far from 157 mm. 
of mercury, and the general law is that for all kinds of breathing 
the pressure of the oxygen should be nearly that of the oxygen 
in ordinary atmospheric air. Whilst the absorption of oxygen 
by the haemoglobin has nothing directly to do with the pressure, 
it is striking that any atmosphere contains enough oxygen by 
weight for the haemoglobin in the blood, when the partial 
pressure of the oxygen is near 157 mm. On each side of this 
median line life can be supported with considerable differences 
^of pressure. I'hus the pressure may be gradually reduced until 
'the point of the dissocinuon of oxy haemoglobin is reached — that 
is to say, down to about of atmosphere. On the other 
hand, animals may breathe an atmosphere containing two or 
three times the normal amtmnt of oxygen without appearing to 
be affected. This was first noticed by KegnauU and Reiset, and 
the observation has been much extended by Paul Bert. The 
latter distinguished physiologist found that an increase even up 
to 8 or 10 atmospheres did not produce any apparent effect, 
but on reaching the enormous pressure of 20 atmospheres, death, 
with severe tetanic convulsions, was the result. He also showed 
that the additional increment of oxygen al>sorbed by the blood 
under the influence of each atmosphere of added pressure was 
very small, Thus, with a pressure of i atmosphere the amount 
of oxygen absorbed by the blood was about 20 per cent, by 
volume, a pressure of 2 atmospheres caused nn increase of 
only 0 9 per cent., of 3 atmospheres 07 per cent,, of 4 atmo- 
spheres o’fi per cent., of 5 atmospheres 0*5 per cent., of 6 
atmospheres 0*2 per cent., of 7 atmospheres 0*2 per cent., of 8 
atmospheres o^t per ccftt., of 9 atmospheres o’l percent,, and 
of 10 atmosphere* o*i per cent. Thus from i atmosphere to 10 
atmospheres the increase was only to the extent of 34 }>er cent, 
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SO that th« blood now contained *3-4 i>or cent, by volwne instead 
of 30 per cent These fact* indicate that when all the h«mo‘ 
globin has been satisfied with oxygen it becomes indiffo^t 
within limits, to any additional oxygen that may be forced into 
the blood under pressure, and thus the blood of animals breathing 
an atmosphere richer in oxygen thah ordinary air is not more 
highly oxygenated than normal l>lood. The practical result also 
foUows that it is* of no use in the treatment of disease to cause 
patients to breathe an atmosphere richer in oxygen than ordinary 
air, because, at ordinary atmospheric pressure, no more oxygen 
can thus be caused to enter the blowl, and if it be desirable to 
hyperoxygenate the blood, this can only be done by breathing 
oxygen, under a pressure of three or four atmospheres, in a 
chamber in which the body of the patient k subjected to the 
same pressure. 

In this connection it is important to notice the enormous ab- 
sorptive surface for oxygen presented by the red blood corpuscles 
of man. There are about 5,000,000 red corpuscles in each 
cubic milli metre. Each corpuscle has a superficial area of 
0*000128 square millimetre. Taking the blood in the body of 
a man of average size at 4*5 litres, that is 4,500,000 cubic milli* 
metres, the number of corpuscles is about 22,500,000,000,000, 
and this would give a superficial area of 2,8^,000,000 square 
millimetres, or 2880 square metres, or about 3151 square yards 
— that is to say, the al^rptive area of the blo<^ corpuscles is 
equal to that of a sq^re having each side about 56 yards The 
hcemoglobin in a red blood corpuscle amounts to almut 13 - its 
weight. The blood of a man of average size may be taken at 
4536 grammes, or about 10 pounds. Such blood contains about 
13*083 per cent, of hicmoglobin, and 4536 grammes will con* 
tain about 593 grammes of haemoglobin, or about pound. 
As regards the iron, which is supposed to be an essential const! * 
tuent of hccmoglobin, 100 grammes of blood contain o 0546 

gramme. It follows that the total amount, 4536 grammes, 

contain about 2*48 grammes, or nearly 39 grains. Twenty-five 
minim# of the tinctura ferri perchloridi contain about i grain 
of pure iron, so i: will be seen that not many doses are required 
to introduce into the body an amount of iron as large as exists 
in the whole of the blood. 

The absorption of oxy^n, therefore, probably takes place as 
follows : the inspired air is separated in the alveoli of the lung 
by delicate epithelial cells and the endothelial wall of the 

pulmonary capillaries from the blood which circulates in the 

latter. The exchange of gas takes place through these thin 
jjorous membranes, so that the velocity of the transit must be 
practically instantaneous. As the oxygen is bound loosely to 
the hiemoglobin of the corpuscles, the laws of diffusion can have 
only a secondary influence on its passage, and only so far as it 
has to pass into the plasma so as to reach the blood -corpuscles. 
The plasma will al^rb, at 35* C., about 2 volumes per cent., if 
we take the coefficient absorption of the plasma as equal to that 
of distilled water. Many of the blood corpuscles of the pulmon- 
ary blood have just returned fi*om the tissues with their haemo- 
globin in the reduced state, and the Utter at once withdraws 
oxygen from the plasma. In an instant more oxygen passes oat 
of the pulmonary air into the plasma, from which the oxygen is 
again quickly withdrawn by the hemoglobin of the corpuscles, 
and so on. It is interesting to note that, if the oxygen did not 
exist in loose chemical combination, it would only be absorbed, 
and its amount would de|>cnd on the barometrical presaure at 
the moment, and would follow eacli fluctuAiion of fnressurc 
through a range, say, of one-fourteenth of the total pressure. 
Such an arrangement could not fail in affecting health. If, on 
ascending a high mountain, say 15,000 to 20,000 feet above the 
level of the sea, the pressure sank to nearly one-hal4 the blood 
Would then contain only half its normal quantity of oxygen, and 
disturbances in the funenons of the bodfy would be inevitable. 
High-flying birds, soaring in regions of the air where the 
pressure falls below half an atmosphere, would suffer. froM want 
of oxygen ; but in deep mines and on high mountain* men and 
animals live in a state of health, and the quick-breathing bird 
has a sufficient amount of oxygen for its marvellous expenditure 
of energy, because the amount of oxygen in th^ blood is Inde- 
pendent of the factor which exercises an immediate inffuftoee on 
the gas contents of the fluid— namely, the partial pressure, 
^mpner has also proved that so soon a# the amount of oxygen 
in the respiratory air sinks only a few per cent, below the 
normal, the cqixsnmption'or oxygen by the tissues and the forma- 
tion of carbonic acid idso fall m consequence of the processes of 
oxidation in the body becoming less active. 

It is a remarkable fact that, in certain circumstanoes, times 


and even oigans may continue their functions wl^ little or i|o 
oxygen. Tmt$, a# quoted, Max Marckwald, in his work bn the 
** Innervation of Respiration in the Rabbit ” (translated by 
T. A. Haig, with introduction by Dr. McKendrick ; Blackie 
and Son, 1888) : Kronecker and MacGuire found that the 
heart of the frog pulsates just as powerfully with blood deprived 
of its gases as with that containing oxygen, while^ the blood of 
asphyxia, or blood containing reduced naemoglobin, soon atope 
its action.” 

Further, Kronecker has found that dogs bear the substitution' 
of two-thirda to even three* fourths of their blood by 0’6 per 
cent, solution of common salt* and Von Ou withdrew 14/15 
of the blood of a dog, and replaced the same with serum from 
the horse, free from corpuscles. For the first day or two after 
the transfusion the dog had only 1/55 part of the normal 
number of red blood corpuscles, so that it bad only 1/55 part 
of its normal amount of oxygen. But this dog showed no 
symptoms except weakness and somnolency, nor did it suffer 
from distress of breathing, a remarkable fact when we consider 
thatithe blood of an asphyxiated dog still contains 3 per cent, of 
oxygen, and that it may show great distress of breathing when 
there U still one-<»ixth part of the normal amount of oxygen in 
its blood. 

The conditions regulating the exchange of carbonic acid arc 
quite different. We have seen that the carbonic acid is almost 
exclusively contained in the blood plasma, the smaller part being 
simply absorbed, and the greater part chemically bound, a portion 
existing in a fairly firm combination with a soclic carbonate of 
the plasma, and another portion in a loose, easily decomposable 
combination with the acid sodium carbonate, and a third portion 
with the sodium phosphate Carbonic acid is containeu in air 
only in traces, and its tension in the atr is almost nothing. The 
air contained in the lungs is not wholly e.xpelled by each respira- 
tion, but a part of the air of expiration, rich in carbonic aaid, 
always remains in the lung. It is evident, then, that by the mixing 
of the air of inspiration with the air in the alveoli, the latter win 
become richer in oxygen and poorer in carbonic acid. The air 
in the alveoli, however, will always contain more carbonic acid 
than atmospheric air. Pfliiger and Wolff berg have found the 
amount of carbonic acid in alveolar air to be about 3*5 volumes 

percent., therefore Us tension will be — 27 mm. of 

loo 

mercury. The tension of the carbonic acid in the blood of the 
right ventricle {which may be taken as representing venooB 
pulmonary blood) amounts, according to Strassbuvg, to 5*4 per 
cent. s= 41 mm. of mercury, and is 14 mm. higher than that in 
the alveoli. Carbonic acid will, therefore, pass bjr difluaioii 
from the blood into the alveolar air until the tensbn of the 
carbonic acid has become the same in the blood and in alveolar 
air. Before the slate of equilibrium is reached, expiration begins 
and removes a part of the air out of the alveoli, so that the 
tension of the carbonic acid again becomes less then that in the 
blood. During the expiration and the following pause, the 
elimination of carbonic acid continue#. This physical arrange- 
ment ha* the advantage for diflusion, that by expiration the wh^ 
air is not driven out of the lungs, for, if expiration had emptied 
the lungs of air, the diffusion would have ceased altogether 
during expiration and the following pause, and diffuaion have 
been possible only during inspiration. There would thus haye 
been an mcomplete separation of the carbonic acid from 
pulmonary blood. But as air re.mains in the lungs, the stream 
of diffusion between pulmonary blood and pulmoaaffy air goes on 
steadily* and fluctuations occur only in regard to its veloeity 
(Munk). 

Any account of the gaseous constituents of the blood would be 
incomplete without a reference to the ingenious theory recently 
advanced by Prof. Ernst Fleischl von Marxow, of Viedose, 
and explain^ and illustrated in hi# work “ Die Bedentungdes 
Herzschlage* fUr die Athmung; Fine Neue Theoriedes Reepira- 
tion,” a work distinguished alike by the power of applying a pue- 
found knowledge of physics to physiological problems, and by a 
keen and subtle dialectic. The author starts with the Antagonistic 
Statements that of all animal substances, hemoglobin is the one 
which possesses the greatest affinity for oxygen, sr that iob* 
stances exist in the animal body which, at least ocsuiomUlyt hid* ' 
a greater chemical affinity for oxygen than hmrnMlobtn possemgl^ 
If the tissues have a greater affinity for oxyfm tSsahminQgk^ 
has, how is it tbat< m the blood of tnimms that have ma 
asphyxia there is still a comklefabte quantity^ in seme/oMtt Jt 
much as 5 volumes per lODvotumes, or oxygea? ItisiwtliltdMB 
that the blood of sudi animals invariably Shows the specthiei 


NATURE 


, a 


40s 


QK^bteoaio^biti. The tUsotti, then, do not uu up all the oxygen 
oftl^oimiwtnoglobhii and thi^cainiot, tlTCrefore, have a stronger 
affititiy m the ovcygen than haemoglobin has. On the other hand, 
as tissues undoubtedly seise hold of the oxygen, and rob the 
hsctnoglobin of it, it would appear as if they reany had a stron^r 
afhnity for the oxygen. There is thus a contradiction according 
to Fleiscbl von Marxow, and it shows that our theories as to the 
nltit&ttte chemical changes of respiration are not valid. 

It might be objected at this point that the death of an animal 
from as^yxia, while oxygen stilb remains in its blood, is no proof 
that the ti-sues have lost their power of removing oxygen from 
oxyhficmoglobin. It only indicates that certain tissues, probably 
those of the nervous centres, require more oxygen than is supplied 
to them ; and, therefore, this part of the bodily mechanism is 
arrested, with the result of Somatic death. Other tissues still live, 
and use up oxygen so long as their vitality lasts. At the same 
time, I am willing tp admit that it is a striking circumstance that 
the nervous tissues stop working before they have exhausted every 
atom of oxygen in the blood. 

But if tissues have, as all admit, an affinity for oxygen, and if, 
at the same time we grant, for the sake of argument, that this j 
affinity is not strong enough to dissociate the oxygen from the | 
oxyhsemoglobin, can we perceive any physical action which > 
would, in the fiixt place, perform the work of disi>ociation, and | 
then present the oxygen to the tissues in n form in which they ! 
would readily take it up? Ernst Klcischl von Marxow holds that i 
he has discovered such an action or agency in the stroke of the j 
heart. He founds his theory on some remaikablc experiments, 
which may be readily repeated with an ordinary tight- htting 
hypo<lcrmic .syringe, (i) Immerse the syringe wholly m water, 
so as to exclude air. Place one finger over the nozzle, draw up 
the piston for about half the length of the syringe, and then 
suddenly remove the finger from the nozzle. The water will rush 
in, and ^as will be given oft* in considerable amount, the 
water being quite frothy for a short time. This is what one 
would expect. (2I Then carefully empty the syringe of air and 
gently draw it half full of water ; then place the finger on the 
nozzle and draw the piston up n little, so as to leave a vacuum 
above the water. In these circumstances a few^ large bubbles of 
gas will come off, hut the water will not froth. (3) Empty the 
syringe thoroughly, fill it half full of water, raise it obliquely so 
that ine knob at the end of the handle of the pUtou is above the 
water, strike the knob sharply with a piece of W'oml, using the 
latter as a mallet ; then draw the piston up a little, so as to 
leave a vacuum above the fluid. Vou will now observe that so 
large nn amount of gas is given off as to cause the fluid to froth. 
In this experiment, the percussion stroke has evidently altered 
the mode in which tlie gas escapes when a vacuum nas l:een 
formed above it. I'hesq experiments may also be done by using 
a long barometer tube, with a stop-cock at one end, and an 
india-rubber tube communicating with a movable mercury 
cistern (a bulb) at the other. By lowering and depressing the 
bulb, a Torricellian vacuum may he formed, and water may be 
admitted, as wUh tlie syringe. Of the effects of )>ercuB8ion, in 
these circumstances, there can be no doubt, and the experiments 
arc extremely intere-^ling from the physical point of view\ 
Fleischl von Marxow holds that when gases are dissolved in fluids 
the condition is analogous to the solution of crystalloids. If a 
fluid containing gas is shaken, more especially by a sadden sharp 
stroke, the close connection between the molecules of the fluid « 
and of the gas is rent asunder, and the gas molecules lie outside 
and between the molecules of fluid. A shook, therefore, con- 
verts a real solution into a solution in which the fluid and 


ipseous molecules are in jujcuposition ; and, if a vacuum is 
formed soon after the stroke, small bubbles of gas make their 
appearance more readily than if a stroke bad not been given. 

He then applies this theory to the phenomena of the circulation 
and of respiration. Starting with the query why the stroke of 
the heart should be so sudden and violent, when a much slower 
and more prolonged rhythmic movement uould have been 
su£&cient to keep up the tension in the arterial sysfetQ on which 
the movement of the fluid depends, he boldly advances the 
e^piniott tbat it eei'ves for the oepasation of the jases. The blood 
is itepr in motion a series of qui^, sudden Htmkeiu because, 
pK ihc tai^upoflbe oxygen ^theiissuesj and the elimination 
of carbonic acid by the lungs, it is not fuffioient that the blood 
runs eteddBy thwi^h the synemic and nutiUonaiy ciiculatiotls ; 
and, thernibre, a ftort, hara stmim is given to it iwinediately 
fha and Imiuedb^^allter it has left the 
These etralres libemt* rite gsees ftem a stale of eohitioa, 
and they become mixed with the fluid in n state fine dispersion. 


This condition of fine dispersion is favourable for the elindnation 
of the carbonic acid by the lungs, and for the using up of oxygen 
by the tissues. 

Fleischl von Marxow then proceeds to state that loose chemical 
combinations may also be dissolved l>y shocks, the gas passing 
into a condition of fine molecular disf^rsion, and that a quick 
repetition of the shocks prevents a recombination. As examples 
of such loose combinations, he cites oxyh Hemoglobin and the 
compounds of carbonic acid with the salts of the plasma. It is 
here, in my opinion, that the theory fails, from want of experi- 
mental evidence. There is no proof that shocks, such as those 
of the contraction of the right and left ventricles, can liberate 
gases from loose chemical combinations such as those with which 
we have to deal, and it is somewhat strained to point to the 
explosion of certain compounds excited by strong mechanical 
shocks or by vibratory impulses. 

Some of the applications of the theory are very striking. For 
example, Fleischl von Marxow surest t that asphyxia occurs 
before the oxygen has disappeared from the blood, because it is 
held bv the hatmoglobin so firmly that the tissues cannot obtain 
it. liius suppose no oxygen is admittml by respiration. It is 
well known that all the Inood in the body passes through the 
heart and lungs in the time of one complete circulation — that is, 
in about twenty seconds ; and we have it on the authority of 
Pfluger that in this time one-third of the oxygen is used up by the 
tissues. According to the percussion thcoiy, the stroke of the 
l^ft ventricle arte rial izes the blood— that is, liberates the oxygen 
from the haemoglobin^and this arterialized blood is carried to the 
tissues. The haemoglobin does not get sufficient time to recom- 
bine with the oxygen, because of the successive strokes of the 
heart and the vibrating thrill kept up in the arterial ramifications. 
The free oxygen is used up by the tissues in the capillary circula- 
tion, to the extent of one-third. After leaving the capillaries, the 
two-thirds of oxygen again recombine with the haemoglobin, and 
in this condition return to the heart, along with one-third of 
h«moglobin that has lost its oxygen. In ordinary circumstances 
this one-third would again obtain oxygen from the alveoli of the 
lungs ; but if all the oxygen there has been used up, of course it 
cannot obtain any oxygen. The blood flows from the lungs to 
the left ventricle, when it is again arterialized, and again sent out 
through the arteries ; but as there is now a large amount of free 
hscmoglobin present in the capillary circulation, it will seize hold 
of a part of the oxygen, and the tissues will obtain loss than the 
usual supply. With each successive circulation, the amount of 
oxygen available for the tissues will become less and less, until 
the tissues receive none, because all the oxygen set free by each 
beat of the left ventricle is seized hold of in the capillary circula- 
tion by the reduced hsemoglobin. The tissues die from want of 
oxygen, because there is too much reduced hemoglobin present, 
a substance having a greater affinity for oxygen than the tissues 
possess, a result that would probably occur, as in drowning, in 
the time of six or eight complete circuiations — that is, in three or 
four minutes. 

Time will not allow me to refer further to this ingenious 
theory, which still requires the proof that such diocks as those 
of the heart can liberate gases from the compounds that exist in 
the blood. In my opinion, Fleischel von Marxow exaggerates 
the importance of the shock, while be under-estimates the 
evidence of the spectroscope, which always shows the spectrum 
of oxyhsemoglobin even tn arterial blood drawn from the neigh- 
bourbood of ihe heart, and kept from contact with the air. Nor 
can I accept his statement that the force of the stroke of the 
heart is practically the same in all classes of warm-blooded 
animals, and erne can hardly imagine the feeble stroke of the 
left ventricle of a mouse would be sufficient to liberate the 
oxygen from the oxyhtemoglobin of its blood. Further, it may 
be urged that the oondttions of the experiments with the syringe 
are very unlike those of the circulation, move espeoiaUy m the 
fact that the walls of the syringe are rigid, white those of the 
heart and vessels arc yielding and elastic. Again, when an 
organ is supplied with a solution of oxyhsmoglobin from a 
{N’CMure bottle, by a process of transfusion, the tissues will 
redntse the oxyhsemoglobin, and take up the oxygen without any 
kind ef perowion aotion beii^ brought into play. 

Fhysiolo^itt, however, cannot but treat with the greatest 
iwspe^ Hie ekphrlmenta and leasoning of a physicist so able as 
Fleiadiel von Marxow ii known to and the theory will be 
thoroughly tested in every detail. I nwy be allowed to contri- 
bute an expiesrioh of deep interest in this brilliant speoulathm, 
and to say that I entirely agree with its author in acoepting the 
sugg^Aflons of teiedlogyTn the investigations of such probTems. 
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While the rigid inveltigatkm of fects is no doubt one of the great 
methods of science, we tnui^ not forget that by asking questions as 
to the use or value of a particular physiological arrangement, we 
may obtain light as to tne road along which investigations are 
to be pursued, This is the guiding star of Fieischl von Marxow^s 
speculation, and it has led him and other physiologists to 
scrutinize anew the theories of respiration now in vogue. 

In this address v^e have had abundant evidence of the met that 
physiology, in the solution of some of her problems, depends en- 
tirely upon the methods of chemistry and physics. The air-pump, 
the special advantages of the mercurial air-pump, the methods 
devised for collecting and analyzing the gases of the blood, the 
spectroscope, have afi contributed important facts to our know- 
ledge of respiration. The narrative placed before you also illus- 
trates in a striking manner the relation of modern physiology to 
the physiology of our forefathers. The latter were engagea in 
observing and explaining the more obvious phenomena, whilst 
the modern ph^’siologists are pushing their researches further, and 
are endeavouring to study the hidden phenomena, which, like a 
second order, lie behind these. I need scarcely add that even the 
results of modem research are not to be regarded as final . i 
Although we see a little further and more clearly than those who j 
went before, there is still uncertainty as to fact and obscurity as 
to explanation in most departments of physiological science, and 
not least as regards the function of respiration. Enoi^h has 
been said to show that in the study of respiratory mechanisms we 
meet with numerous examples of the same wonderful adaptation 
of organic structure to physical conditions as may be traced in 
the mechanism of the eye and of the ear. The structure of a 
lung or of a gill is just as much adapted for the play of the 
physical laws regulating gases as the retina is tuned to the 
vibrations of the ether, or os the organ of Corti responds 
sympathetically to the waves of musical tone. 

Zisf of Experiments in illustration of the Lecture, 

1. Appearance of blood after having been shaken with carbonic 
acid. 

2. Appearance of blood after having been shaken with 
hydrogen. 

3. Appearance of blood after having been shaken with 
nitrogen. 

4. Appearance of blood after having been shaken with oxygen. 

5. Facsimile model of Leeuwenhoek’s syringe, by which gases 
were first demonstrated in the blood. 

6. Absorption of ammonia by water. 

7. Gases escaping from water in Torricellian vacuum. 

8. Gases escaping from blood in Torricellian vacuum. 

9. Spectrum of oxybremoglobin shown by electric light. 

to. Spectrum of reduced nsemoglobin ; the reduction effected 
by ammonium sulphide. 

1 1. Spectrum of oxyhaemoglobin changing into that of reduced 
hfemoMobin by heating blood in vacuo, 

12. Demonstration of a new gas-pump for the physiological 
lecture table (Figs, l, 2, and 3). 

13. Demonstration of the use of Pfiiiger’s gas-pump. 

X4. Collection of blood -gases and demonstration of the 
existence of carbonic acid and of oxygen. 

15. Carbonic acid collected from a solution of carbonate of 
soda in vacuo, 

16. Method, by use of thermo-electric piles with galvano- 
meter, of observing thermal changes attending formation of 
oxyhsemoglobin. 

17. Demonstration of Fieischl von Marxow’s experiment, not 
with a syringe, but with the fluid in a Torrioelfiao vacuum so 
arranged as to receive a shock. 

Dr. McKendrick asks us to direct the attention of our readers 
to a statement in his address which he wishes to correct. He 
stated ; If the union of oxygen with the colouring matter is an 
example of oxidation, it must be attended with the evolution of 
heat, but, so far as 1 know, this has not been measured.*' He 
then referred to a method by which Mr. J. T. Bottoml^ and he 
hod been able to observe the heat produced. Drl McKendriek 
was not then aware of an important research on this sublet 
conducted in 1871 by his friend Dr. Arthur Oamgee, and con- 
tained in a Keport to the British Association for the Advance* 
ment of Science in 1871. Dr. Gamgee, both by the use of 
thermometers and by thermo-elcctTic airangemcnts, demonstrated 
Uie important fact that an evolution of beat accompanied the 
union oxy^ with hmmoglobin, and in the Report refenedto 
there is am^e evidence that the research was conducted with 


great skill and with an appreciation pf the difficulties to be 
surmounted. He arrived at the conclusion *' that the mean rise 
of temperature during the absorption of oxygen amounted to 
o®‘ 0976 C. The maximum heating found was o^'iii C., and 
the minimum o*'o83 C.” 


MOLECULAR PHYSICS: AN ATTEMPT AT A 
COMPREHENSIVE DYNAMICAL TREAT- 
MENT OF PHYSICAL AND CHEMICAL 
FORCES} 

I. 

'^HE author states that his attention was drawn to the 
subject in the first place by personal intercourse with 
Sir William Thomson, and by his opening address to the Mathe- 
matical and Physical Section of the British Association at the 
Montreal meeting in 1884, followed by the study of the litho- 
graphed report ot hU lectures on “ Molecular Dynamics " at the 
Johits Hopkins University. 

The opening paragraph of the paper contains a restatement of 
the portions of Thomson's theory applicable to the explanation 
of optical phenomena. Thomson did not succeed in aniving at 
a satisfactory explanation of the fact that metallic reflection and 
double refraction are accompanied by little or no dispersion. 
The author believes that he has overcome this difficulty by a 
more complete discussion of the formulae by expansion in series. 
He then proceeds to apply the theory to the explanation of 
chemical j^henomena on a purely dynamical basis, and arrives 
at a method of determining the spectrum of a com}K)und from 
the spectra of its constituents. 

The second portion of the paper is quite in 4 «pcndent of the 
first, and also of Thomson’s theories, except it gives a com- 
plete explanation of the manner in which tne ether vibrations 
can be taken up by the molecules of a body. 

The author endeavours to explain electrical phenomena by 
transverse vibrations of the ether, which are very small com- 
pared to the diameter of a molecule or of an atom, and one of 
the most remarkable and interesting results of his investigation 
is that the theory leads to Weber’s law expressing the mutual 
action of two electric currents, subject to a restriction which 
excludes exactly those cases the consideration of which led 
Helmholtz to the conclusion that the law was untenable. A 
further confirmation of the theory i'? given by its explanation of 
a number of other phenomena, such as fluorescence, magnelwm, 
and diamagnetism, and the elcctro-magnetic rotation of the 
plane of polarization. 


Part I.— Light, Heat, and Chemical Affinity. 


§ 1 . — The Internal Structure of Molecules,^ 


The ether is assumed to fill the whole of space, and to be 
everywhere of equal elasticity and density. It is further assumed 
that, with respect to vibrations of periods comparable with those 
of light- waves, the ether behaves like a perfectly elastic solid ; 
while with respect to slow'cr vibrations, such as those due to the 
motion of gaseous molecules, it behaves like a perfect fluid, so 
that the molecules can traverse it freely. 

A molecule is supposed, on Thomson’s* theory, to consist of 
a solid core inclosed within a series of spherical shells. Between 
the core and the innermost shell there is supposed to be an 
clastic action of a nature which might be represented by a series 
of symmetrically disposed elastic springs. 

A similar elastic action is supposed to take place between 
every pair of adjacent shells, and also between the outermost 
shell and the external ether. 

Let j be the number of shells in a molecule, and let their 
masses, beginning with the outermost one, be 


M4 ^ 

4v** 4xJ* ' • ' ' 

The centres of the core and shells may be supposed to lie iq a 
straight line an^l to be capable of oscillations along this line- 
The clastic force between each pair of shells is assumed to be pro- 
portional to the relative displacement of their centrei ; and that 
between the outermost shell and the external ether, proportional 


* A PMwr read before the Physioo. Economic Society of KflaigebefS, hy 
Frof. F. 'LindcaUamit on Auril iflSS. 

> The author generatly ueee tba torm moleeuk to donote ahher 
ora molecule except when be is condderiex cbemiOat componds.^. W;T. 

3 ** Lectures, on Molecular Dynamlot wHd lha Wave theory of Ugbt,^ % , 
Sif Willian Thomson. (SaltimorCt iBfte.) . 
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to the dispUcenient of the centre relatively to the extemid ether 
Let Rx* ^ absolute displacement of the j shelU, 

and £ the displacement of the ether ; and let . . . cj^ be 

the magnitudes of the elastic forces. We then have the following 
equations 


M, 

4115 > 


= rs(A-i - xj) - r8(xa - Xj), 


IvCt the point f have a periodic motion given by 
. zvt 


{ — a cos 


Then this motion will gradually be communicated to the centres 
of ihe shells in a manner which has been fully worked out by 
Thomson. The value of T will vary, and after a certain 
interval a steady condition will be arrived at in which all the 
points will have periodic motions, so that 


Xrf = 0^ cos . 


where T is now arbitrary. 

Writing = M,/T“ - a + equations (i) give 
- 


leii^h, where m is the index of refraction of the medium, and 
V the velocity of the wave in it, equation ( 6 } gives the equation 


■ r -7 


expressing the index of refraction as a functitm of the period of 
vibration of the ray. For waves of period equal to one of the 
critical periods of the molecule, /a becomes infinite, so that the 
medium is opaque for such waves, which are entirely absorbed 
in increasing the energy of the internal vibrations of the mole- 
cules, The critical periods of the molecule arc therefore the 
vibration-periods of the dark lines of its absorption spectrum. 

§ 2 . — TAe /ndtx oj Refraction as a Function of the 
IVave-Len^th, 

As a preliminary to thp more general investigation, it will be 
advisable to trace the dependence of the index of refraction upon 
the period of vibration in the simple cases / = i a-ud J = a. 

For y = I the molecule will consist of a core and a single 
shell, and equation ( 8 ) will reduce to 

a p r.T* cfT* K*k 

1 " = 7 - V- K •• • •<!») 

I Writing 


= o, - 0 = /J, 

/ I 


= 7 , T“ = X, ^ - y. 


which may be written in the form— 

- f + K,!Ri + . . . + VRy.l . ( 4 ) 

The constant represents the ratio of the energy of the 
shell mi to the total energy of the system. The quantity K« is 
determined by the condition that when T = Kj the ether 
remains at rest, or { = o i and it may be called a critical period 
of the molecule, which will accordingly have j critical periods, 
and the molecule may undergo vibrations corresponding to any 
or ail of them simultaneously without affecting the external 
ether. 

Instead of this somewhat artificial structure, the molecule 
may be regarded as consisting of a sphere filled with continuous 
matter of density varying with the radius, the density having 
different values for each of j assigned values of the radius, but 
though this would be a simpler pnysical representation, it would 
lead to great difficulties in the mathematical treatment, though 
the results would necessarily be of a similar nature to those 
obtained for the discrete molecule, and it is therefore preferable 
to retain thU representation. 

To apply the theory to transparent media let represent 

the thickness instead of the mass of a shell, and let p/ 4 v® and 
//4ir’ be the density and elasticity respectively of the ether. 

The vibrations of the ether will then be given by the 
equation 

(s) 


this may be written in the form 

jk(K 2 _ x) = (a -f fix) (K 5 - x) +7X- , . (10) 

the equation of a hyperbola having the asymptotes 

X = y = - y)x + a - . . . (li) 

The former represents the single critical period, and the latter 
practically determines by its direction whether the index of 
refraction increases or diminishes as T, the period of vibration, 
increases, and this the more exactly the more nearly the curve 
coincides with its asymptotes^that is, the more nearly the value 
of its determinant, which reduces to - 7KV4 approaches the 
value zero. 

There will therefore be three cases to consider — 

{a) ~ y >0, fi. increases as T increases. 

{h) $ - y ~ o, fi approximately constant. 

(r) 3 - 7 < o, M diminishes as T increases. 

There will be two expansions for fi^ in powers of T, viz. : 
For T < K, 

d= a -I' 3^ + ^ I I + ^2 + + &c. I 


= £ - .5 * T* - T'' 

7 ”/ /wj 

For T > K, 

= o + 3 x - yx 






^ dt^ dx^ 

And the vibrations of the outermost shell will, in virtue of the 
assumptions which have been made, be connected with those of 
the neighbouring ether particle f by an equation of the form 

+ («) 

in which r, only differs from its former value by ah unimportant 
factor. The axis of x is here supposed to be perpendicular to 
the line of centres, or diameter, the molecule. 

f oppose a light-wave in a dimetion perpendicular to this axis, 
given by the equation 

t = a «in a* ( 7 ) 

to atrlko the molecule ; then on the assumption that within a 
. ^^oite interval' only one wave strikes the molecule, or that the 
diameter of the molecule is small in comparison with the wave*- 


■ Im, I \ I 

t/nfC t T" 


The coefficient of T- must be very small in order that the 
formulae may be in accordance with experimental results. 

Both the equatiens (12) and (12a) give, as a first approxi- 
mation to the relation between wave-length and period of 
vibration in the medium considered — 




But A is approximately proportional to T, so that 

/F ^ A -h BX® -f- ■ — - J * 

A* Aq 

where Apis the wave-length corresponding to the i>eriod T = K. 
This agrees with the results of Helmholtz's theory, and with 
experiment.^ 

For values of T not in the neighbourhood of K, the hyperbola 
Wminw** “KxperliMmiU-Phyrik/' vol. ii. p. 161. fourth edition. 
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my tMTepStbedliy hftRon^vsrticfLl ntymptote, and then tt'^Q^Nirib 
from (il) that 

Wj / 

the right-hand nx|»re3sion consisting of the first two terms of 
(1 2a). When j = 2, br the molecule consists of a core and two 
shells, equation (8}*b«comes 

ii® » P _ Ti - j. 

^ i I Im^ ^ K3=‘ - T 


(13^) 


(14) 


^Bx + 


+ 


Zx’^ 


7^ 

}Q 

where Xt o, 3, 7» have the same meanings as before,' and 
ft =s - The curve Is therefore of the third, order. .with 

two vertical asymptotes, x = K^, and .r = Kj, and a third given 
by the equation 

^ = o - - ftKa-^ H- (/3 7 - 9)x , # (15) 

If the curve nearly coincides with iu asymptotes, will be 
given approximately in terms of T’’ by (15), except nc^r |he 
critical periods, and as before there will be three cases, viz. 

{a) B - y ^ ft > o, ^ increases ns T increases. 

{^) jB — y - ft = o, ^ approximately constant. 

M 3 “ 7 - ft < o, M diminishes as 'r increases. 

Near the critical periotls p- will always diminish, as T 
increases. ' . ' 

When the condition (a) is fulfitlccl, and the curve do^s not 
approximately coincide with its asymptotesl ^ may contitme to 
decrease as T increases throughout the whple branch of the 
curve between the two vertical asymptotes, the curve running 
from the upper left-hand to the lower right-hand side. 

The expansions in powers of T will be diftesem, for the three 
branches, viz. ; — 

For T < Kj. 

For T > K„ 

i: a - yKi» - »K,“ + (;8 - 7 - - i (7K,< + ®K,*) 


£,• + »Kj")+ See. 


U6a) 


For Ki < T < K,. 

/.< = «- 7 Ki“ + {0 ~ y) X - 


_ tK." 


(i6*) 


+ + &c. . 

Ki* .r‘ 

The first terms of (i6a) are identical with the right-hand aide 
of (15), and therefore if the curve nearly coincides with ils 
asymptotes, it will closely approximate to the curve (14), except 
near the critical periods. This explains why Cauchy’s expansion 
of ju® in descending powers of T, or of A, gives approximately 
correct results. In this expansion the coefficient of vanishes 
if the asymptote is parallel to the axi^ of viz. if 3 = 7 -I- ft, 
or if 

= 0(K,»Rx + (17) 

If ft n: o it reduce* to the preceding case ; the curve breaking 
up into the asymptote x ~ and a hyperbola. If y = o it 
breaks up hUo the asymptote x — Kf and a hyperbola. 

In general, with a greater number of critical periods, if the 
curve is of the order rs, it will have » - i vertical, and one other 
asymptote. To the lef^t of the hrst vertical asymptote and to the 
right of the last there will be a hyperbolic branch, and between 
every two of them will be a branch of the curve proceeding from 
tlie upper left-hand to the lower right>hand side, either faHing 
continuouslv or reaching a minimum, then rising to a maximum, 
and again falling and approaching the next asymptote. There 
will be n distinct expansions for f/fin powers of T% one for each 
branch of the curve. In many cases the curve, except near the 
critical periods, will approximately coincide with its non- vertical 
asymptote, and there will then be the three cases, (»), {d}, (r), 
to consider, as in the previous examples. 

§ 3. — £>is/ttrsian ami Kcflcction, 

It is well known that the spectrum of light of a given kind | 
depends on the fenwHon of serving' to express Thcil 


dispersion in a tefiraAikag medium will be desj^j^ted •« oatmil 
wh^ except near the critical penodt, duainisHes wtUhont 
limit as T=‘ tnereoses, and anomalottl when ^ increases wiihoiH 
limit, or passes through a series of maxima and mioiiQa. Iw 
the first case the colours of the spectrum will appear in tliair 

natural ” order, the smaller values of corresponding to tbe 
blue, and the larger values to the wd end of the spectrum. In 
the examples considered in § 2 the dispersion will accordingly 
be normal in case (^), and anomalous in case (sf), while in case 
{if) the spectrum will be compressed into a line. 

When the dispersion is anomalous throughout, the colours 
will appear in the inverse of the natural order, but it will be 
otherwise when it is alternately normal and anomalous. 

Consider, for example, the non -vertical asymptote in case (r). 
Then If there' are bnly two critical periods there will be to the 
^ft of the asymptote x ^ a hyperbolic branch, along 
Which V, will decrease continuously, giving normal dispersion at 
the blue end of the spectrum above the axis of x.. Below this 
tlxis p.^ will be negative, ami therefore p will be imaginary, so 
that light of the corresponding period will be entirely reflected 
by the medium. From the point of intersection of the branch 
of ^ the curve with the axis of x to the point x = Kj'* there will 
therefbrtf be a duri< Space or absorption band. To the right of 
this point p^ will again decrease from positive infinity to a 
minimum. 

Suppose this to be at a position for which x ^ p above the 
axis of -f, the curve will then rise to a maximum, say for x ~ q. 
For / < T- < q the light will then be more strongly refracted 
than for T- < /, and therefore the corresponding colours will 
be displaced, and may overlap the colours for which T-* < /, 
There will therefore be a dark band at the part of the sjiectrum 
which should he occupied by them, but this is not now an 
absorption band, and may. be made to disappear by further 
dispersion. For < q the dispersion will be normal up to 
the intersection of the branch with the axis of jr, from which a 
dark band will extend to the point x ss after which the 
disj^rsioti will again become normal. 

phenomena of thU kind have been observed by Kumlt and 
others, ahd the fact that they follow from the formulce was 
considered by Thomson to afford important confirmation of the 
theory. In fact, taking T proportional to A, the preceding 
equations do not differ essentially from those obtained from 
quite different phenomena by Sellmaycr, von Helmholtz, 
Lommel, and Ketteler, and which have been shown to be in 
complete accordance with experiment.^ 

Sir William Thomson, in his Baltimore lectures, came to the 
conclusion that according to his theory metallic reflection would 
necessarily cause dispersion. This would be the case if there 
were only a single expansion for but in the case of most of 
the metals there are so many lines, distributed over the whole 
spectrum, that there is no reason for selecting any one in 
preference to the others. The fact that all the colours are 
reflected to practically the same extent, which means that p^ 
must bt a negative constant, may be completely explained by 
the assumptions that tbe correai^nding curve of the »th Order 
approximates \try closely to its n asymptotes, and that the 
smgle non-vertical asymptote is very nearly parallel to the axis 
p = o. The essential portion of the curve may then be re|>laced 
by its horizontal asymptote, as in tbe cases previously con- 
sidered, in which 3-7 and 3 “ 7 - ft respectively were 
assumed to be nearly zero. The tvon-existence of dUpetsion 
does not therefore afford an objection to the theory. 

It is easy to see that by a suitable choice of the disposable 
constants, the curve may be made to practically coincide with 
its asymptotes, for consider the curve of tbe third order given 
by (14). This may be written in the form 

(Ki* - ^) (K,» - ;r) (;/ - « - Bx) = yx\K^ - x) + - x) ; 

(Ki'-jr) (K^^-x) Cy-e- 3a: + >K/+«K;,« + yar + «4:> 

+VKg«(rKi»+ftK:,aj^ 

and it is evident that when and Kj* are given, the rigid- 
hand member may be made to vanish by uking 7 and f 
enough, and the required condition wilt then be fulfilled, since 
the left-hand memW equated to zero represents the three 
asymptotes, 

* Sm WaUner, '^EKperimcntabFhyalk,** vol. U. pp i 05 opid r4a,foMah 
•didon. An omlirw of tlw vndMis tbaorWH of esHcflon oed rmeSfOn 
will be fMtud in tht British Association Rst>orts for 1885 ohd tSft;. 
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9 of Lufttinous Gasi's. 

It WHS ftfst shown by KirChhoflf that glowing gases emit light 
o^tha same wave- length, ind therefore also of the same period, 
as which they al^orh. 

Jn the modem theory of gases it is assumed that the molecules 
of a luminous gas move over a certain distance, the length of 
the ^^free path, in straight lines, until they collide with other 
molecules, or with the sides of the containing vessel, when they 
move off rectiJioearly in another direction. 

At every collision the molecule is subjected to an clastic 
impulse in a direction passing through its centre, causing 
internal elastic vibrations. The periods of these vibrations 
could, on the analogy of a corresponding problem in the theory 
of elasticity, be calculated from a transcendental equation, if the 
interior of the molecule were uniformly filled with matter ; 
according to Thomson’s theory of molecular structure they are 
determined a priori^ being the critical periods of the molecule. 
In fact, during the collisions the external shells only are in 
contact, but tlie surrounding ether remains unaffected, and 
therefore the external vibrations must be of such a nature that 
( o ({ I), which is the condition determining the critical 
periods. But according to § 1 these periods determine the 
wave-length of the light absorbed. Thus KirchhofTs law is a 
consequence of the theory. 

It has hitherto been assumed that the vibrations in a molecule, 
arising from the collisions, take jd.ace along a fixed diameter, 
and therefore that the vibrations due to one encounter are not 
disturbed by a later one in another direction. If the tempera- 
ture or the density of the ga-f is so great that the encoanter.s 
follow one another very rapidly, the investigation of § i is no 
longer applicable, and light -waves of other than the critical 
periods will be' emitted. If a second encounter takes place only 
after the vibration due to the first has nearly subsided, the 
])eriod of the emitted light will only differ slightly from a critical 
])criod. As the density and temperature increase, the bright 
lines will therefore gradually increase in width, ^ If a molecule 
receives impulses in different directions in rapid succession, very 
few of the vibrations will have the critical periods, and therefore 
the dark spaces between the bright lines will ultimately dis- 
appear, and the spectrum become continuous, as is well known 
to l)e experimentally true. 

I 5, — AppUctUhm to the Theory of Heat, 

It will be of interest to «ee what explanation Thomson’s mole- 
cular hypothesis can give of the manner in w'hich the velocity of 
gaseous molecules can he increased by the action of heat, ns has 
been assumed in what precedes. 

The energy due to the internal molecular vibrations cannot 
possibly exceed a definite maximum value, for the amplitudes 
and therefore the velocities of the centres of the shells must have 
fixed upper limits, since the shells must remain one within the 
othen This maximum may be attained either for vibrations of 
aaingle critical period, or of all the critical periods. Suppose 
this maximum- value to have been nearly reached, then any 
further disturbance of (he interna) equilibrium, tending to 
increase the .amplitude of motion of one of the centres beyond 
the maximum value possible while the centre of gravity remains 
fixed, will oectttarily displace the centre of gravity, whether 
the disturbance be due to a wave of light or to a mechanical 
impulse. 

This leads to the general and fondamental proposition that 
I’ A molecule will begin to move as soon as the energy of its 
internal vibrations has attained its maximum value, supposing 
the external inAuences to which the attainment of the maximum 
is due oonlinue to acU^ 

The internal equilibrium of a molecule may be disturbed 
cither b^ light or neat, the disturbance in the cose of light being 
due to its action on the critical periods of the molecule. A 
medium will therefore be heated traversed by ll{[ht*rays ; 
the rays of the critical periods sat the molecular sheik in vibra- 
tion, and when the internal energy has reached its maximum 1 
value, the centres of gravity of the itlolftcttles will begin to move, 
and tjris motion will be perceived as heat. j 

* TMs result may h« expressed by eayMtf that the eharseteriStto conetant 
^4 of tha-aiolepiila is a fonction of the temjwfatttre. It is imlbmbte to regard 
rh« iiM thscmiM, whether due to tndMioa or dibfeospiion, ae Miaethiag { 
fad ; vxwrtiai rinounistMicss merely amnewg «r Uodwhig its j 

’TKorison also jpoluta out {** Leetitres;** ^ 4»o) that a'otwriderahte I 
a mriwule insm I 


Thd'etiei;gy of internal motions therefore accounts for a portion 
of the internal work of the mechanical theory of neat.* 

Tlw external work is effected by the motion of the centres of 
gravity of the atoms, and this takes place in different and known 
ways in solid, liquid, and gaseous bodies. Heat may act on a 
medium either hy radiation or conduction. Radiant heat differs 
from light only in its action on our senses, so that what has been 
said about light will apply also to radiant heat. In the case of con- 
duction of heat the process is exactly the reverse. The external 
work of the medium emittitvg the heat will be transmitted 
directly to the medium receiving it by contact^that is, by collisions 
of molecules.* 

The disturbance of the internal equilibrium of the molecules is 
here merely a secondary effect, but m this case also the internal 
energy will gradually increase to the maximum value. ^ 

The emission of tight by a sufficiently heated solid is explained 
as in the case of gases, but the spectrum in the case of the solid 
is continuous. 

Just as the action of heat may produce such violent molecular 
motion as to cause the emission of all possible kinds of light, so 
the action of light may protluce a molecular motion giving rise 
to a special kind of light. This will only happen, however, 
when the molecule (owing to specially favourable values of the 
constants Ct and ffi() is specially susceptible to some among its 
critical periods. In this way the phenomenon of fluorescence 
may be explained. G. W. DE Tunzelman.n. 

{To be centinteed.) 


SOCIETIES AND ACADEMIES. 

London. 

Royal Society, June 21. — On the Determination of the 
Photometric Intensity of the Coronal Light during the Solar 
Kclipse of August 28-29, >886, Preliminary Notice,” By 
Captain W. dc W. Abney, C.B., R.E., F.R.S., and T, E* 
Thorpe, Ph.D., F.R.S. 

Attempts to measure the brightness of the corona were made 
by Pickering in 1870, and by Langley and Smith, indepenriemly, 
in 1878, with the result of showing that the amount of emitted 
light as observed at various eclipses, may vary within compara- 
tively wide limits. These observations have been discussed by 
llarkitcss (“ Washington Observations for Z876,” Appendix HI,) 
and they are again discussed in the present paper. Combining 
the observations, it appears that the total light of the corona in 
1878 was 0'072of that of a standard candle at t foot distance, 
or 3 ’8 times that of the full moon, or 0*0000069 that of the sun. 
It further appears from the photographs that the corona) light 
varied inversely as the square of the distance from the sun's limb. 
Probably the brightest part of the corona was about 15 times 
brighter than the surface of the full moon, or 37,003 times fainter 
than the surface of the sun. 

The instruments employed by the authors in the measurement 
of the coronal light on the occasion of the solar eclipse of August 
28-29, 1886, were three in number. The first was constructed 
to measure the comparative brightness of the corona at different 
distances from the moon’s limb. The second was designed to 
measure the total brightness of the corona, excluding as far as 

ossible the skv effect. The third was intended to measure the 

rightness of the sky in the direction of the ccHpsed sun. In 
all three methods the principle of the Bunsen photofnelric method 
was adopted, and in each the comparison-light was a small glow- 

* The dMcrep«nclc« oceurrioir in the determination of the Atomic weichta 
of gases may therefore be expl^nad by aMumiag that internal work )a done 
by the motions of the atoms, instead of sssuiwhg, as would otherwise be 
necessary, that the latenwl work is iwly done by the mottona of the 
molecuies and a dsortese in the actraotive force between them. For 
‘^motion of the atoms" we should liave to substluite “motion of the inner 
spherical shells," 

* For the method of deducing the differential equation of heat'ccnductiou 
from these considerations, see F. l^aunucitn, ** Vorleaungen Uber die Theorie 
der Ela-stidtAt," S 50< 

'I }>u long's law of atomic heat gives, some information respecting the 
relative valtio uf this maximum. This law states that the quantity of 
internal work due tx> beating is approximately the same, at any rate when in 
the gaseous state, for eletneuury Dodies which ore ordinarily silid or liquid, 
a given number of atoms sthvays requiring the same quantity of heat to 
pi^icc agWeh risM of temperature. It follows, then, that for these 
elements the moxhhum internal energy is very nearly the same. Carbon, 
stifcon, suti^biur, and pbosphoros behave exceptionally in this, as in many 
other respects, otld (ha law is not generally true for the elements which are 
ordhtarky gaseous, fiinoe the viaaimum value of the Internal energy de- 
pends on UK (ttsmeter of dm fnolwm^s, as well ae an the constants and 
it may narhops be coodudod *hat the dtomemr of the molecukw of these 
efomu r uiifo ifl H ' O gfauahly equal. 
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lump pr^vlottsly standardized by a method already described by 
one of the authors in conjunction M'ith General Festing. In the 
first two methods the phptometer-screen was fixed, the intensity 
of the comparison-) Ipht being adjusted by one of Varley's carbon 
resistances t in the third the glow-lamp was maintained at a con- 
stant brightness, the position of the screen being adjusted alo^ 
a graduated photometer bar, as in the ordinary Bunsen method^ 
Full details of the construction of the several pieces of apparatus 
are ^ven in the original paper. 

The observations during the eclmse were made at Hog Island, 
a small islet at the south end of Grenada, in lat. 12*^ o N. and 
long. 61“ 43' 45" W., with the assistance of Captain Archer and 
Lieutenants Douglas and Baimsfather of H.M.S. Fantdme. 
The duration of totalify at the place of observation was about 
330 seconds, but measurements were possible only during 160 
seconds, at the expiration of which time the corona was clouded 
over. A careful discussion of the three sets of measurements 
renders it almO'it certain that the corona was partially obscured 
by haze during the last 100 seconds that it was actually visible. 
Selecting the observations made during the first minute, which 
are perfectly concordant, the authors obtain six measurements of 
the photometric intensity of the coronal light at varying distances 
from the sun’s limb, from which they are able to deduce a first 
approximation to the law which connects the intensity of the 
light with the distance from the limb. 

The observations with the integrating apparatus made inde- 
pendently by Lieutenants Douglas and Baimsfather, agree very 
closely. It appears from their measurements that the total light 
of the corona in the 1886 eclipse was — 


Douglas . . • . 
Baimsfather . . 


. 0 0x23 standard candle 
0*0125 


Mean . . . 0*0124 ,, 

at a distance of i foot. 

In comparing these observations with those made during the 
1878 eclipse, it must be remembered that the conditions of ob- 
servation on the two occasions were widely different. The 
observations in the West Indies were made at the sea’s level, in 
a perfectly humid atmosphere and with the sun at no greater 
altitude than 19*, Prof. Langley, in 1878, observed from the 
summit of Pike’s Peak in the Rocky Mountains at an altitude 
of 14,000 feet, in a relatively dry atmosphere and with the sun 
at an altitude of 39^ 

From observations on the transmission of sunlight through 
the earth’s atmosphere (Abney, Phil. Trans., A, clxxviii (1887), 
251) one of the authors has developed the law of the extinction 
of light, and, by applying the necessary factors, it is found that 
the intensity of the light during the 1886 eclipse, as observed at 
Grenada, is almost exactly half of that of which would have 
been transmitted from a corona of the same intrinsic brightness 
when observed at Pike’s Peak. Hence to make the observations 
of Prof. Langley comparable with those of the authors, the 
numbers denoting the photometric intensity of the corona in 1878 
must be halved. The result appears, therefore, that whereas in 
1878 the brightness of the corona was 0*0305 of a standard 
candle at a distance of 1 foot, in 1886 it was only 0*0124 of a 
candle at the same distance. Several of the observers of the 
West Indian eclipse {including one of the authors) were also 
present at the eclipse of 1878, and they concur in the opinion 
that the darkness daring the 1886 eclipse was very much greater 
than in that of 1878, The graduations on instruments, chrono- 
meter faces, &c., which were easily read in 1878, were barely 
visible in 1886. In explanation of this diflerence in luminous 
intensity it must not be forgotten that the 1678 eclipse was not 
very far removed from a penod of maximum disturbance, whereas 
in 1886 we were approaching a period of minimum disturbance. 

Paris. 

Academy of Sciences, August 6.— M. Janssen, Presi- 
dent, in the chair. — Fresh experiments on the fixation of 
nitrogen by certain vegetable soils and plants, by M. Berthelot. 
These researches, mode with three different kinds of argil- 
laceous soil and vrith plants of the legumiiKnis family, f^ly 
confiriB the results of previous studies. The fundamental 
that both plants and soil absorb nitrogen under the 
most diverse conditions is now placed beyond all reasonable 
doubt. So certain does the author consider this oondusiPn, 
that he dedines all farther discussion on the subject of certain 
recent negative experiments carried out under d^cti^ condi- 


tions. —On a recent change in the views c 
ing gyratory movements, by M. H. Faye. The author 
that me new school of meteorologists, represented by Messrs. 
Loomis, Meldrum, and Douglas Archibald (see NaTURX, 
June X4, p. 149), shows a tendency to accept his conclusions on 
certain points at issue. These authorities already admit that the 
cyclonic movements originate, not on the surface of the earth 
as had long been contended, but in the higher atmospheric 
regions, a position irreconcilable with their hypothesis of an 
ascending, but in full accordance with M. Faye’s view of a 
descending motion. — Summary of the solar observations made 
at the Royal Observatory of the Collegin Romano during the 
second quarter of 1888, by M. P. Tacchini. These observations 
show an increase of the solar spots in May and June, and of the 
protuberances in April, The general inference U that the rela- 
tion between these two orders of phenomena is less intimate 
than might be supposed from previous observations. — ^On a new 
apparatus for studying the friction of fluids, by M. M. Couette. 
I ms method, differing from those of Coulomb and Poiseuillc 
hitherto employed, i? based on the principle indicated by Dr. 
Margules in 1881 {Wiener Berichte, 2nd series, vol. Ixxxiii. p. 
5S8). It has the advantJ^e of controlling Navier’s theory for 
very thin tubes and slow discharge, and of operating on gases at 
constant pressure, — On levulose, by MM. E, Jungfleisch and 
L. Grimbcrt. — On the malonatcs of potassa and soda, by M. 
G. Massol. — On the hydrates of methane and ethylene, by M. 
Villard. — On experimental tetanus, by M. Rietsch,— M. A. de 
Schulten describes a process by which he has succeeded in pro- 
ducing the crystallized anhydrous sulphates of cadmium and zinc 
(artificial zincosite) ; and M. A. Poincare shows how are pro- 
duced the barometric movements corresponding to the displace- 
ment of the moon in declination. --The present number contaias 
the text of the address delivered by the President, M. Janssen, at 
the unveiling of the monument raised by the city of Tours to 
the memory of General Meusnier on July 29, 1888. 
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“ THEORETICAL GEOLOGY, 

T^MrAttehe GteUgie, Voa Dr. £. Reyer, A- O. Prof, 
dor G00f)o|{ie an der UnivoraitsU Wien. (Stuttgart, 
£. Sc^weiteorb^^sche VerJagshandlung, 1S88.) 

I T w0UM be most ntdair to^ompare the work before us 
wHb acay of the numerous treatises on geologica) 
science which have during recent years made their 
afipearance in England, Germany, and France. The 
author's aim, as defined in his preface, has been not so 
much to give a welKproportloned summary of the ascer- 
tained facts of the science, as to prepare an historical and 
critical review of the ideas that have been put forward 
concerning the fundamental principles of geology. To 
find a parallel to the present essay, indeed, we should < 
have to go back to the Philosophie der Geologie ** 
of Vogelsang, or even to the works of Lyell and .Von 
Hoff. 

Those who are familiar with Dr. Reyer’s earlier works 
— “ Die Euganeen ; Bau und Geschichtc cines Vukanes,’* 
arid ^ BOitrag zur Fysik der Eruptionen und der Eruptiv- 
Gesteine ^--will be prepared to find the problems of 
geology treated by the author, not only with great fullness 
of knowledge, but with a remarkable freedom from the 
influence of traditional modes of thought ; and they will 
not be disappointed by the perusal of the present volume. 
Since the period when his earlier works appeared, Dr. 
Reyer has travelled very extensively, and has had the 
fonunate opportunity of studying those splendid mani- 
festations of terrestrial forces which are found in the 
Western Territories of the United States. Everywhere 
the reader of this volume is enabled to profit by these 
tridened experiences of its author. 

in his preface, Dr. Reyer expresses a regret that there 
does not exist in Germany the same class of private 
students of science as is found in this country ; for to the 
labours of men who have been alike free from the con- 
servative pedantry of the professor and from the shallow 
pr^ensions of the mere dilettaHUy he Justly ascribes a 
very great part of the credit of advancing geological 
science in England. The author instances the names of 
Hopkins and Herschet, but no one acquainted with the 
^ory of geology will fail to add those of Hutton, Sif 
Jaynes Hsttli, William Smith, Scrape, De la Beche, 
epnybout, l-yell^ Darwin, Godwin-Austen, Sorby, and a 
hpft of othors* Regret has sometimes, and not un* 
jaltifiably, b^ eapresst^ that the moulding of geological 
nought has, ddrihg recent yearn, fallen more corpRietely 
loto the bands of who inay be called proi^ional 
gCfoiogists^a raiitB which is pe^itps a necessairy con- 
SSKj^oe of the ^Utised nature of the study at 
; but We triist the da^r 
ihe advance of gfeok^l knowledge in 

dependent 

1 thnte'enfsfed ^ ee hs making 


)m <5kl- 


advocates the pradical divorce of these tUfo Wandjgul \ 
of science. It would not be difficult to poktt out otddc*, ^ 
tions to this course and serious difficulties . the lyay ' ; 
of its adoption ; such diffic^ies must arise in the 
of roekii which are whoHy or in part made "up ^ ^e 
remains of organisms, and in connection with questions 
concerning the physical conditions under which certain 
rock^masses have been accumulated, wheit these can only 
be adequately discussed after the nature of the organic 
remains inclosed in them has been taken into account. 
Nevertheless, no one will contest the author's right to 
limit the scope of his own discussions to purely physical 
problems ; and, indeed, Dr. Reyer has found himself 
compelled to confine the present volume to the questions 
more or less directly connected with igneous activity 
upon the globe, leaving the problems more especially 
connected with the waters of the globe and those . of 
cosmical geology for future sections of the work. 

Commencing with an account of the explosive action of 
volcanoes and of the circumstances connected with the 
outfiow of lava from them, the author, enlarging (he scope 
of the inquiry pursued in his former works, proceeds to 
discuss the physical problems involved in these remarkable 
phenomena. Observations made in recent years upon the 
absorption of gases by molten metals and other sub- 
stances, and the phenomena attending the escape of the . 
gases from such magmas, are fully described ; and the 
bearing of these facts upon the problems of volcanology 
are clearly pointed out. English readers will be pleased 
to find a German treatise in which Elevation-craters” 
have finally disappeared, and scarcely less gratified to 
read our author's conviction, very clearly expressed, that 
the modified characters of the older lavas, as well as the 
apparent deficiency of volcanic products among the older 
geological formations, are due to secondary changes, and 
that there is no real ground for the supposed absence of 
granitic rocks among the igneous products of the younger 
geological periods. We are glad, too, to notice that Dr, 
Reyer recognizes the value and Importance of the obser- 
vations of Scrope and Darwin upon the banded structure 
produced in viscid lavas ; though we think he fails to 
appreciate the full bearing of these facts when he after- 
wards proceeds to discuss the important question of the 
origin of foliation. 

In the discussion of the problems connected with the 
folding and faulting of rock-masses, during mouzstain- 
making, Dr. Reyer exhibits the fullest knowledge and 
impartiality. To the labours of Henry Rogers and other 
American geologists, who nearly fifty years ago wqrieed 
out the structure of the Appalachians with such remark- 
able skill and geological iniight, he renders full jus^, 
and not less to the observations of their able successors 
who have in recent years shown what singular variations 
from the normal structure of mountain masses exist in 
riie Westeth T[hrrit<»ies ot their country. It is a fortunate 
drcudiiihoce that the eaetem and western portions of the 
United Stales should present tudt perfect examples of 
the diymrae structmoft found in mountain ranges, and that 
the g^o^StSd^^at country have proved themselves so 
capahfo sg dsMfof Fkh the grand but difikuU proWetns 

at the same Unm our 
th^ value of the researches of 
‘ who have shown that 
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the etnictiires ftHmd in ^be Api^aiachians are equaBy 
cheracteristk the Alps, and the more denuded 
mountain chams of Central and Northern Europe. In 
eifpUiining the causes of r^lonal or mechanical meta- 
Dr. ^eyer fully appreciates *the importance of 
lilt experimental researches of Tresca, Daubr^e, and 
' Spring ; while he fails not to point out the important 
additions and confirmation of the theory of “ mechanical 
metamorphism^’* which arc furnished by the microscopical 
investigations of Lessen, Lehmann, and other recent 
authors on the subject. 

Seismology, the study of earthquake phenomena, is 
usually treated by the writers of text -books as a branch of 
vulcanological science ; but we agree with the author in 
regarding it rather as connected with the great move- 
ments of earth- masses. It finds an appropriate place in 
this work between the chapters dealing with dislocations 
of the earth's crust, and those devoted to the great secular 
movements of the earth’s surface. 

In a work like the present, devoted to a discussion of 
problems of the greatest difficulty, many of which are far 
from ripe for solution, some of the views of the author 
will be sure to challenge criticism and others to provoke 
dissent. Every unprejudiced reader will admit, however^ 
that Ur. Reyer's presentation of his views upon these 
problems is characterized not only by much originality of 
thought, but by a studious fairness of manner. The 
citation of original authorities in every case is a most 
praiseworthy feature of the work, and those writers from 
whom the author differs have no cause to complain, as is 
too often the case, that he has not even tried to understand j 
their arguments. Nowhere does there exist such a rich 
storehouse of facts and observations bearing upon the great 
questions of geology as in the volume before us, and we 
cannot doubt that the completion of Dr. Reyer’s important 
work will mark an epoch in the history of the science, and 
at the same time constitute an important starting-point 
for further advances. ^ J- J- 


A GUIDE TO THE LICK OBSERVATORY, 
Hand-book of the Lick Obscrifaiory of the Unwersiiy of 
Cat if amici. By Edward S. Holden, LL.D. (San 

Francisco : The Bancroft Company, 1888.) 

T here are two classes of readers to whom this little 
book ought to be especially welcome— namely, 
thosiii ^ho propose to visit California, and those who do 
not so propose. Travellers will miss from it no useful 
item of information. They are told where to lodge, 
what to wear, how to get themselves conveyed to 
their destination, what to look at and admire. They 
are put, moreover, in the proper frame of mind for 
approaching an astronomical sanctuary. The coldest 
and dullest can hardly under such guidance remain ; 
utterly apathetic and unintelligent. The general in- 
terest of the work, on the other hand, is sufficiently , 
attested by a glance at the table of contents. It 
includes a “ Sketch of the Life of James Lick,” the 
founder of the Observatory, a history of the institution, 
descriptions of the buildings and instruments, with sec- 
tions on The Work of ah Observatory/’ “Telescopes,*’ 

“ Astronomical Photography,” “ Clocks and Time-keep- 
ing,” and The Principal ^Observatories of the WorkL^* ^ 




On none of these subjects are there maiiy, on some 
is no one entitled to speak with greater authority than 
Prof. Holden. Nor is there a second astronomer in t^ 
world whose utterances — so far as they are an index to 
his intentions— are at present of higher moment to 
science. The future course of observation lai:gely de- 
pends upon his use of the vast opportunities plac^ iti fais 
hands. A colossal experiment is being tried at Mount 
Hamilton ; its upshot will lay down the lines of astro* 
nomical effort for many a decade to come. For results 
govern the star-gazing, no less than every other section 
of mankind. 

Prof. Holden vainly, we fear, seeks to disabuse the 
public of its fixed idea that “ an astronomer’s business is 
to watch the heavens go by and to * make discoveries.' 
Exactly what these discoveries are,” he goes on to say, 
“ is usually not stated, but unless a sufficient number are 
forthcoming the astronomer is held to be blameworthy.” 
The Lick Observers, however, possess a unique advan- 
tage in the value of their negative results. “ What we 
cannot see with our telescope, the most powerful of all, 
in our elevated situation, the best in the world, need not 
be looked for with inferior telescopes in less favoured 
situations.” 

Celestial photography is evidently detfgaed, to bo 
vigorously prosecuted on Mount Hamilton, ** One of the 
principal objects of the Observatory,” we are told, “ will 
be to make a photographic map of the heavens, by means 
of the large telescope and its photographic objective.” If 
carried out on the scale which appears to be indicated, 
this will indeed be a gigantic undertaking. Its plan is 
doubtless not yet definitely laid down, but exposures of 
three hours are spoken of. On Mount Hamilton, two 
hundred nights in the year — ^just double the low-Icvel 
allowance— can be counted on as fit for such work ; yet 
even so, twenty-five years should elapse before the whole 
sky could be once covered by plates each embracing four 
square degrees, and exposed during three hours. And 
the resulting priceless record would lose, unless obtained 
in duplicate, great part of the value properly betonging 
to it. 

The time-service of the Lick Observatory has been for 
some time completely organized. Every railway-clock in 
the Southern Pacific States is now regulated from Mount 
Hamilton. Any watch in San Francisco pan be set by 
the beats of the Lick standard clock, rendered audible by 
telephone at a distance of sixty miles. The time distri- 
buted is the “Pacific standard,” which is 6m. 34 J8. 
faster than the Mount Hamilton local time. Nutneroue 
plans and illustrations enhance the usefulness of the 
“ Guide to the Lick Observatory.” A. M, C. 


OUR BOOK SHELF, 

Curve Pictures of London for the Social Reformer, By 
Alex. B. Macdowall, M.A. (London ; Sampson 
im.) 

This little volume ought to be of great service to oU wij# 
interest themselves practically in questions relating ^ 
social reform in London. It presents by means of - 
diagrams a large amount of trustwqr^hj; mformation owtft 
population ; density of population i idirth, marria|w, 
death rates ; early mairi^g^s ; death by disease ; suteiddiji^, ^ 
drunkenness ; licensed houses ; appreheasiOna ; 
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t education ; illiteracy ; prices of commodities ; 
abd of %heat. Students who may wish to know 

the recent history of London with regard to any one 
tUbkas will at once find what they want by 
turning to tne diagram or diagrams referring to the 
fnatter. Opposite each diagram are short notes indi- 
cating clearly and coticisely what the curves appear to 
teach, and directing the reader to the original sources 
from which the facts are taken. It is impossible to turn 
over these pages without feeling, as the author does, that 
if some improvement pf the social condition of London is 
discernible it is, after all, but meagre. Probably, too, 
most people wIk> make themselves familiar with the results 
he has so carefully classified, and rendered so easily in- 
telligible, will agree with him that in dealing with the 
social problem we a people are apt to think too much 
about cure, and too little about prevention. “Year by 
year,** says Mr. Macdowall in his interesting preface, “we 
reap, somewhat sadly, our weedy crop j but we leave the 
weed-roots in the ground. To use another figure, we 
contend in a vijjorous way with the waters of a domestic 
deluge, but omit to turn off the tap from which they 
come.” 

A Sjfstem for the Construction of Crystal Models, By 

John Ggrhara, M.RCS.Eng., &c. (London and New 

York: E. and F, N. Spon, 1888.) 

Thk author of this book expounds an ingenious method 
of n^aking models in paper by plaiting together three or 
four strips cut into the form of a succession of the crystal 
faces. The book consists mainly of figures, which show 
how these plaits are to be drawn, and the order in which 
they are to be interwoven for some of the primitive forms 
in the different systems. 

It does not appear that the models are more easily or 
neatly made by this than by the more familiar methods, 
but they have one real advantage in their portability, 
since they may at any time be unfolded into a flat sheet. 
The method would, however, be somewhat awkward 
when applied to complicated combinations. 

S6me of the simple forms are omitted in the descrip- 
tions, the icositetrahedron, pentagonal dodecahedron, 
&c.^ ana it is hardly necessary to remark that the four- 
faced cube is not a form assumed by some varieties of 
quartz (p. 8), We hesitate to believe the author serious 
in his suggestion that a natural cube may actually grow 
by plaiting itself from three zones of molecular Jamince, 
“ each endowed with a force compelling it to bend at a 
right angle at given intervals.” 

LETTERS TO THE EDITOR, 

(The ESter dots not hold himself responsible for opinions 
expended by his eorrespondents. //either can he under- 
bah to return^ or to correspond with the writers of 
rejected mtmuscripts intended for this or any other part 
of Nature, Ho notice is taken of anonymous communi- 
oationsi\ 

Funotionless Organs. 

I HAVE only just seen Nature for Angnst 16 and 23 (pp, 364 
*nd 387). In both these there are letters which attribute ‘to me 
personally the assertion that the electric organs in “the skate** 
are fttactlonless, and are “on the way to use**-— not aborted or 
degenerated from former use. I made no such asrenjon. My 
letter on the sttbject referred to a verdict given on this qttestion 
in re^ct to one particular species (AWo rodiata) ' by Prof. 
F.w«rtiBNATURSofJulya6(p. 3 ««». IrefierProf, RRvLankwtei- 
to tne p«iw of Prof. Bwtrt, comtnunloated to Ihe Royal Society 
Prbf. J. Burdon-Sanderson. As the result of an clabo- 
i^te' aMment, founded on anatomical details, ihe author con- 
■c udei' that the **cttps of Raia radiata one la p^scess of being 
efobtireted into more complex stmcturct ” j , and again, “that 
the nigaa of Roda ,notwUhsUwding^ apparent 

and Us extremely xmaU sloe, is in aetofo of pn^resiive 


This is not my conclusion, hut the conclusion of an expeyt*' 
who gives his reasons, and differs from Prof. Kay fjUakeste^ ^ 
having, apparently, no preconceived theory to suf^rt. 

If the doctrine of evolution be true-^-that is to say, >f 
organic creatures have been developed hy ordinary geneiMMij^' 
from parents-^then it follows of necessity that the prirnirijW 
germs must have contained the whole Kuccecditlj| 

series. Moreover, if that series has been developed gradually 
and very slowly, it follows also, as a matter of necessity, that 
every modification of structure must have been fonctionless at 
first, when it began to appear. On this tbe^ryvt seems to me 
to be not a matter of argument, but a matter of certainty, that 
all organic nature must have been full of structures “on the 
rise,” as well os of others on the decline. 

Why is this not recognized? Because organs “on the rise” 
cannot be due to utility as a physical cau e, but mu'-t be due to 
utility as an end yet to be attained. This is what I mean by a 
“prophetic germ,” We now know that Darwin resisted and 
rejected (his idea, least at one time of his life, as fatal to hts 
own theory of natural selection. And so it is, if natural selec- 
tion is made to account for structures before they are presented 
for selection to act upon. But this is obviously nonsense. Things 
cannot be selected until they have been first produced. Nor 
can any structure be “selected by utility in the struggle for 
existence” until it has not only been produced, but has been so 
far pet f eted as to be actually used. 

If Prof. Ray Lankester will explain how “natural selection” 
can act upon “congenital variations” which he calls “non- 
significant ” — i e. which are not yet of any actual use — and if he 
will explain how this action can afford “ the single and sitfficicnt 
theory of the origin *' of (as yet) useless variations, he will have 
accomplished a great triumph in logic and philosophy. 

Meantime, I adhere to that view of all organs which is 
indelibly i impressed on our very forms of speech, and is notably 
expressed in Prof. But don -Sanderson’s letter in Nature of 
August 23. He speaks of electric organs as “an apparatus for 
pioducing electric discharges.” This is exactly correct. They 
j are “ apparatuses ” for a s)>eci.il purpose or function ; and like 
I all other apparatuses, they have to be prepared through embryotic 
I stages in which they are not capable t)f use. I have been long 
I looking for some actual case in which vxpcris should recognize 
I an otgan “ on the rise.” Prof. Ewart’s is the first I have seen, 

I am not responsible for bis facts, or for his reasoning. But the 
mere fact of such a view being taken by an eminent man in a 
responsible position is a circumstance hitjhly significant. 

'I'he recognition of even ohc case wdl be the recognition of a new 
idea— new, at least, in its application, and new in its wide signi- 
' ficance of interpretation. It will be the counterpart in actual 
observation of that strategic movement in abstract reasoning 
which has recently led Mr. Herl>ert Spencer to expose the fal- 
lacies involvetl in the phrase “natural (teleciion,” and in his 
own neater and adroiter form of it, “survival of the fittest.” 

Arryi.l. 

I HAVE read with much interest the report iu Nature of July 
26 (p. 310) of Prof. Ewart's very remarkable paper on the electric 
organ of the skate, and the Duke of Argyll *s letter on the same 
subject in Nature of August 9 (p, 341). The Duke is manifestly 
right, that a single proved instance, such as Prof. Ewart hcre..eh* 
deavor.rs to make out, of an organ which has been evolved, br in 
in process of evolution, while not in a state of functional activity, 
would be sufficient to disprove Darwinism as a complete theory ; 
for if all perfectionment is due to the two causes of exercise 
through habit and natural selection among variations, it is 
obvious that no improvement can be effected which is not 
immediately useful. 

1 believe that the animal kingdom, and in all probability the 
vegetable kingdom also, are full of or;tRtis which cannot have 
been evolved by anything like a Darwinian process, because 
their immature states cannot have been in functional activity. 
In my work on “ Habit and Intelligence *’ (and edition, Mac^ 
millan, 1879), chapters xvii., xviii,, and xix., I have enumerated 
some of these. The strongest part of the argument is, [ think, 
that derived from the brain of man. It haa Ixcn pointed out by 
Wallace^ the naturalist who was near anticipatiag Darwin in the 
theoiy of natural selection as applied to the rest of the organic 
creation, that the brain of sav^mman has attained a devdop- 
ment which is out of aU proporuon larger than can correspoml to 
the mental^ developilient Which is unitra with it— in other wordr, 
the brain of savage man is nearly equal to that of civilized man, 
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while his mental development is very far inferior ;'-«o that, as | 
Wallace remarks, ** the idea is suggested of a surpluKsge uf 
power; of an instrument beyond the wants of its possessor." , 
And if it is (rue, as 1 believe it is, that the brain of savage man 
dnds its special activity in the formation and use bf language, 
this does not solve but only transforms the difficulty ; for 
language itself must in prehistoric times have attained a develop- j 
ment far in advance of the intellectual wants of those who formed 
it| because the same languages, with cjinparativcly few additions 
to the vocabulary and no further grammatical development, still | 
suffice for the wants of their civilized descendants ; whereas, on 
Darwinian principles, language could not be evolved beyond the 
intellectual needs of those speaking it. I 

There are als > many cases in the lower creation where struc- 
ture appears to have been developed, not as the result of 
function but in anticipation of function ; just as a ship is built on 
the land for the purpose of afterwards floating on the water. 

1 cannot occupy your space with details of these, but will 
eftumerate those ot which the evidence seems tolerably distinct. 

All the Hydrozoa are probably descended from a form re- 
sembling the Hydra, between which and the Medusae there is a 
gradation, though not quite unbroken. Once the Medusa is 
produced and swims away from the plant -like stem that bore it. 
Its powers of wandering, and dispersing its eggs widely, will give 
its species a great advantage in tne struggle for existence. But 
how can any natural selection effect the evolution of the Medusa 
while it is still imperfect, and sheds its eggs without leaving the 
parent stem ? 

Muller, in his " Facts for Darwin,’^ says of the transition from 
the Zoea to the Mysis form in the metamorphoses of a species of 
Peneus, or prawn, that ** the long abdomen, which just before 
was laboriously dragged along as a useless burden, now, with its 
powerful muscles, jeiks the animal through the water in a series 
of lively jumps." The Nauplius, which is the form in which 
this Peneus leaves the egg, has no abdomen ; this is acquired 
when the Nauplius develops into a Zoea, and consists of 
segments which appear between the body and the tail of the 
Nauplius. Mullers account seems to show that this abdomen is 
developed before it is useful to the animal, and for the purpose 
of becoming useful further on in its development. It is to be 
observed that in this case, as in that of the Medusa, the 
entire evolution goes on amid the same surroundings : unlike the 
case of Batrachia and most insects, there is no change of the 
conditions of life to accompany the transformation and to help 
to account for it. The same remark applies to the development 
of the star- fish out of the Bipinnaria, and of the sea-urchin out of 
the Pluteus— two of the most wonderful metamorphoses known. 

The development of the lungs of the Batrachian out of the 
swim-bladder of the fish is an adaptive modification, and presents 
no special difficulty. But in the cellular and spongy texture of 
the swim -bladder of many Ganoid fishes, there appears to be a- 
preparation for future transformation into lungs. This, however, 
IS a point on which it would not be right to lay much stress. 
But it is different with the development of the fin of the fish into 
the leg of the Batrachian. The intermediate state appears to be 
preserved in the fin- rays — we can scarcely call them fins-*of 
Lepidosiren. The single fin -ray of Ceratodua has in Lepidosiren 
lost its membrane, and consequently become inefficient as a fin, 
without being in any degree efficient as a leg, or acquiring any 
vestige of a foot ; such a change cannot be beneficial to an 
animal which is still a fish and lives a fish's life ; it can bo inter- 
preted, so far as ,I see, only os a preparation for the ultimate 
development of feet and legs. This development, however, does 
not appear to have been actually attained by any descendant of 
Lepidosiren ; for its scaly covering, and the peculiarity of its 
nostrils, go far lo forbid the supposition that the Batrachia can 
l>e its descendants. 

Another instance of the same kind is that of th ’^e AscJdian 
larvae which arc the probable orioin of the Vertebrate. Of 
what use can the dorsal groove and the notochord be to those 
minute and lowly organic animals themselves? They appear 
capable of interpretation only os the preparation for a vertebral 
column and a spinal cord to be afterwards evolved. But the 
strongest instance of the kind which I know of, except that of 
the brain of man, is the existence of pneumatic bones (that is to 
aay, bones hollowed out for lightness, like those of flying birds) 
among Dinosauri^ns (see Prof. Cope's paper on 
prohpttus os reported in Nature, vol. i, p. 347). The re- 
seiuDlances of the skeleton appear to prove tlwt birds must 
he descended from Dlnosaurlans. No Dinosaurian had the 


power of flighti yet here is a character useful oily to flying 
animals, and inter pretable only as a preparation for a power ^ 
flight to be afierwards evolved. 

‘ Were a competent anatomist and morphologist to sean^ for 
them, the entire organic world would probably be found lo be 
full of such instances of what i call structure m anticipation td* 
function. Joseph John MurpHy. 

Belfkst, August £ 3 . 


It is evident from the letter of the Duke of Aigyll under this 
heading in your issue of August 9 (p. 34 ^)/ li® alto- 
gether misconstrued some of the main biological principles 
which Darwin promulgated ; and it also appearei as if the entire 
neglect of certain important items which received due Ooniider- 
ation in the “ Origin of Species" is cither done with purpose^ 
or else is simply an effect of obscuration. In either case, the 
fallacious interpretation may be due to the polemical style in 
which his Grace is usually wont to distiuguisn himself, and the 
strong bias imported into the treatment has rendeied a true 
representation of the conclusions he assails altogether impossible. 

Exception must be taken to the very setting forth of the pre- 
mises of the Duke's argument. ** Sometimes," he says, the 
organs “are called * aborted,' sometimes 'degenerated,'*' ftp. 
This certainly is so for no less a reason than that sometimes 
they aborted, while at other times they are “representative," 
or sometimes, again, th^ are incipient organs. So variously, 
indeed, are the or^ns affected, that Darwin found it in some 
cases extremely difficult to pronounce respecting them.^ The 
uninitiated in the suj>ject would naturally infer, from^ the letter 
in question, that Darwin had never devoted any of his pages to 
the discussion of those organs which he generally spoke of as 
“nascent" — a term which the Duke, for the purposes of his 
argument, ignores. There is, moreover, nothing in any way 
new suggested by him in his communication. 

The special case referred lo, for instance, is simply one of the 
difficult problems which Darwin set himself, in the “Origin of 
ispecies," to solve, and respecting which he ooncludefl, from his 
knowledge of all the facts then available, that “as we know 
nothing about the habits and structure of the progenitors of the 
existing electric fishes [of the various noo-related types dealt 
with], It would be extremely bold to maintain that no service- 
able transitions are possible by which these organs might have 
been gradually developed" (“Origin," sixth edition, p. 150), 
Whilst in the “ Descent " a long section is devoted to the 
citation of instance^; of homologous rudimentary structures in 
man, and functionlcss organs generally are ampIV treated upon 
elsewhere — compare the various references in “ Variation," and 
also “ Origin " (pp. 108 -12). In some instances they are deter- 
mined to be vestigial, though for the most part they can only 
be so recognized in their ancestral relation. 

Although Prof. Kay Lankester, in his interesting chapter on 
“Degeneration" (“Nature Series"), aptly remarked, “ We have 
as possibilities cither balance^ or elaboratton, or de^ntratien^* 1 
am inclined to think — in agreement, probably, with the Duke— 
that in that paper perhaps too much weight was attached to the 
last-named process, Perh^s it was due to the expressed desire 
of calling attention to Dr. Dohrn's treatise on the subject ; but, 
after all, it is simply a view that is takeU respecting certain 
important facts, and whether an organ in a transit lonaf state is 
progressing or retrogressing is a matter which relates chiefly to 
time, and does not invalidate the fact of the change that u 4 n 
process of evolution. It has not, however, been satisfactorily 
proved, BO far as 1 can find, (hat the limited digltution in Mipit 
and Seps is the result of atrophy, as decidedly stated by raf. 
Lankester ; but as I am uninformed respecting the onCo^teiiy— 
upon which everything depends— of these reptilian formSi 1. 
be wrong in questioning this point. 

Instances of transitional and incipient organs, rare though they 
may be, have^ therefore, been folly considered by Darwin in {lu 
volumes ; but we may, speaking more generally, truly say that 
the entire deve2o]>tnent hypothesis is a recognitkm ^ the 
structund deformation of nascent organs, which are ever befog 
reconstituted, mainly in a progressive direction. The diflfoi^y 
of actually observing an organ in process of develoMSMt 
was acknowledged iy Darwin to be considerable, paviiy nu 
account of the slow rate of progression, and partly be^puie 


* *'ltisoftftn difficult to dltninfutih bstwetn rudims-itaTy Mid f i g g foh * 
ocfam; for w« can Judge only by aanjogy whether a' part Is Mtpsws w 
further developUMUL fowtiich eaee eiou^t d««u^ to be esU^ aa w > |Mi , 
••Origin," dxth edmon, p. gpSjr 
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orgimB will rarely have beeo handed down, ... for beings 
with any important organ but little developed will generally 
have been supplanted by their descendants with the organ well 
developed ” (** Life and Letters," vol. ii. p. 314). If, however, 
the Duke of Argyll U prepared to furnish a chapter upon the 
eWdenees of ** prophetic germs," with which he appears to be 
extensively acquainted, he will confer a favour upon the waiting 
scientific world by publishing it. 

With regard to the utility of rudimentary organs, the Duke 
has perverted entirely the doctrine given by Darwin, who 
certwly did not ascribe all organic structures to utility as a 
ph3rsical cause," while even if that were the case, the doctrine 
of prophetic germs is in no way opposed to it. In his lengthy 
letter to Lyell, which probably the Duke has in his mind, 
Darwin remarks : — ** A nascent organ, though little developed, 
as it has to be developed, must be useful in every stage of 
development. As we cannot prophesy, we cannot tell what 
organs are now nascent" (** Life," ii. p. 213). This observa- 
tion, before it can be properly understood, however, requires to 
be amplified by reference to the full text from which it was 
abstracted, in which the following remarks also occur: — ‘*ln 
many cases we are iar too ignorant to be enabled to assert that 
a port or organ is so unimportant for the welfare of a species 
tmU modifications in its structure could not have been slowly 
accumulated by means of natural selection. In many other 
cases modifications are probably the direct result of the laws of 
variation, or of growth, imUpendent of anv g^od having thus 
been gained " (“Origin,” pp. 1O5-66), Vet natural selection 
“ will never produce in a being any structure more injurious 
than beneficial to that being " (p. 162), and Darwin fully held 
that it does not necessarily lead to “absolute perfection," which, 
indeed, would almost amount to a denial of the necessity of 
variation. Furthermore, “useful organs, however little they 
may be developed, unless we have reason to suppose that they 
were formerly mure highly developed, ought not to be con- 
sidered as rudimentary. They may be in a nascent condition, 
and in a progress towards further development. Rudimentary 
organs, on the other hand, are either quite useless ... or 
almost useless ; . . . they cannot have been produced through 
variation and natural selection, which act solely by the preserva- 
tion of useful modifications. They have been partially retained 
by^ the power of inheritance, and relate to a former state of 
tniogs" {et ‘Origin," p. 398), 

The a^ve references I have quoted somewhat fully, because 
they appear to me to present a complete disavowal of the two 
assertions made by the Duke of Argyll, namely (i) that the 
physical cau' e of all organic structures is ascribed to utility; 
and (3) that functionless organs “are never interpreted as 
utilities which are yet to be." William White. 

August 1 8. 


of this invitation induces me to comply with his request. But 
in order to do so it will be necessary to go at considerable length 
into the whole question of “Lamarckism versus DarwinUm," 
As this has now become a very extensive and somewhat involved 
question, 1 cannot feel that the correspondence columns of 
Nature afford a suitable place for its discussion. But I will 
bear the matter in mind, ana, os soon as other work shall have 
been cleared off, will publish an essay upon the whole subject. 
Mr. Poulton, too, will then find that it is easy enough to “notice 
the criticism," without rOtjuiring “ to show that his [my] remark 
about Prof. Weismann is intended to bear »ome other than its 
obvious meaning." 

Meanwhile, 1 should like to represent how undesirable it U to 
employ phraseology which associates the name of Darwin with 
the pOHt- Darwinian theories which are in question. Here, for 
instance, we have a correspondence headed * ‘ Lamarckism r ersus 
Darwinism " where the title ought to be “ Darwinism versus 
Weismannism " ; and while on the one hand Prof. Meldola 
speaks of “ the recent revival of 'pure' Lamarckism," on the 
other he alludes to Prof. Weismann's interpretations a? those 
which belong to “the purely Darwinian stand-point." The 
consequence of this kind of writing is that anyone who, like my- 
self, still retains unmodified the Darwinism of Darwin himself, 
is ticketed as a follower of Lamarck. Therefore, if only as a 
matter of historical accuracy, and in order to avoid confusion in 
non- biological circles, it seems to me that such terms ought to be 
avoided. Most people will always understand that “Darwin- 
ism " is intended to meav the theory of evolution as held by 
Darwin, yet this is just the very thing that it is not intended to 
mean by your other correspondents; the more “pure” their 
“ Darwinism," the further does it depart from the doctrine 
of evolution as presented in the “Origin of Si'tecies.” As a 
matter of fact, there has been no “recent revival of ‘pure’ 
Lamarckism " : there has merely been a question raised as to 
whether the amount of Lamarckism whicn was sanctioned by 
Darwin may not be dispensed with. Now, not only is this 
question, as already remarked, 'post-Darwinian in its origin, but 
the speculations which have given rise to it are ultra- Darwinian 
in their object : they aim at establishing for natural selection a 
sole and universal sovereignty which was never claimed for it 
by Darwin himself. Far be it from me to pre-judge a question 
which must assuredly involve a large amount of future research ; 
but however this question may eventually l)e decided, there is 
no need to confuse the issues by the use of historically in- 
accurate terms. The school of Weismann may properly be 
called Neo-Darwinian : pure Darwinian it ceriainly is not. 

George J. Romanes. 

Geanies, Ross-shire, N.B., August 26. 

A Substitute for Carbon Disulphide in Prisms, &c. 


Lamarckism versus Darwinism. 

Mr. Poulton says it is to be regretted that I have not written 
anything which can be considered as a reply to his previous 
letter. But this is exactly what I did. In that letter he merely 
made the bold statement that I had not acquainted myself with 
the views of Prof. Weismann, which I had “professed to 
express." This statement I denied, and what further “reply" 
it admits of I must leave Mr, Poulton to explain. 

Regarding his present suggestion, that it would be well for me 
to justify a remark in the ( otUemporary Revieiv^ which he chal- 
lenged, 1 can only repeat that 1 have no desire to continue a 
coneipondence which was opened in ihe manner alluded to. 
And, m repeating this plain statement. 1 am os for os ever from 
experiencing any of the "annoyance" which he says I have 
taken no pains to conceal. Unless by annoyance be means sur- 
prise, I am at a loss to understand why he should suppose that 
I entertain any feeling of the kind. 

Prof. E. Kay Lankesier's views “upon the interesting question 
of Lamarck versus Darwin " are, oi course, well known to all 
biokjgitts i but 1 think It is somewhat too strong a statement to 
soy (fist they are "diametrically opposed "to mine. No doubt 
he has been more infinenced by Prof. Weiunann’s recent 
theories t bat I feel eure he would agt'ee with me that the time 
hot notTCt oomc fbr the formation of any motored “opinion ” 
u|Km:^U suh^ct. 

Plfw, MeldoU is kind enough to express disnppohittiient that I 
ha^ not giveo a more explicit statement nf my views on 
the theoteuual bearings of Mr. I^oulton's erpTriments. The tone 


It may be worth men’ioning that the highly-refractive liquid, 
phenyl- thiocarbimide (molecular formula, C,,H|,NCS), to which 
I drew attention some little time ago at a meeting of the Physical 
Society (see Nature, vol. xxxvii. p. 165), can now be oluained 
as an ordinary article of commerce from Schuchardt, of Gorlitz, 
and Kahlbaum, of Berlin. 

1 have recently again determined its refractive indices for dif- 
?erent rays, but the values (when allowance is made for lemper- 
alnre) do not appreciably differ from my former results, or from 
those given by Nasini {Atti R.A. dei Lyncci, June 20, 1886) for 
the RUbatance which he calls “ iso-solfocianato-fenUico,” as Dr. 
Gladstone has kindly mentioned to me since the meeting. Thun, 
taking rays near the ends of the visible spectrum, 1 find (at a 
temperature of 10“ C. ) — 

Fraunhofer line. Index of re Traction. 

B* I 6j9 

G 1 707 

The coefficient of dispersion, calculated from the above values, 
is 0*068, rather hij^her than even that of carbon disulphide for 
the same rays, which is o^s. 

Phenyl -thiocaebKhide seems, in fact, to have al>out the highest 
refractive and dUperaive power of any fairly permanent eolaurless 
liquid known at present. Carbon disulphide, tbough colourless 
when pure# is apt to turn yellow with age and exposure to light, 
and monobromonaphthalene bos an incurably yellow colour (as 
also has mereuty barium iodide), which of course implies an 
absorptive action on the more refrangible part of the spectrum. 

* Not A, priLtsd in Katuku (Aw. cii.). The index for A if 1 ‘6sia, 
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l^ense glass shows the same defect, besides iu great liability to 
wcome tarnished. i 

Another advantage possessed by phenyl tliiocarbimide is its ! 
very high boiling-point, viz. 222'' C. It is practically non- 
volatile at ordinary temperatares, and a lighted mMch may be 
put into it withput setting it on h re. It has, of course, the 
pungent smell characterUtic of all the mustard-oils (to which 
dass it belongs) ; but this, from the slight volatility of the 
substance, gives no practical inconvenience. 

It dissolves iodine freely, but* from the complexity of its 
molecule, wc cannot expect it to be so diathermic as carbon 
disulphide. It also readily dissolves nielacinnamene (one of the 
most highly-refraciive resin ms substances that I have been able 
to meet with ; ~ 1*6, nearly), and the viscous solution ia use- 

ful in determining refractive indices by Wollaston's total reflexion 
method, or bert rand’s modification of it. 

It can be safely used in the ordinary hollow prisms, as it has 
no action on the mixture of isinglass and sugar with which these 
pri>ms are cemented. H. G. Madan. 

Kion College, August 28. 

MicheU’s Problem. 

I -HAvr. read with considerable interest the short letter iu 
N A TURK of August 9 (p. 342), in which Mr. Joseph Kleiber 
refers to a paper of his own on the controversy between Michell 
and Forbes, and notices what he believes to be a mistake in my 
paper of July 19 fp. 272). Mr Kleiber shows that the experiments 
of Forbes on random distribution by scattering rice over a chess- 
Ixiard. and also some udditiunal experiments of bis own pn 
numbers taken successively from n table of logarahms, are in 
accordance with the ordinary formula lui finding the probable 
number of squares containing r grains, where « is the number 
of .squares and « the total number of grains — 

Pf/f— VI \n (l/w)'‘(i - I" 

He concludes that **the theory of probabilities does not affirm 
that ‘ a perfectly uniform and symmetrical disposition of stars 
over the sky would (if possible) be that which could alone afford 
no evidence of causation or any interference with the laws of 
random.’” 

Forbes, thrjnghout his paper, is not attempting to controvert 
either the theory of probabilities, of which he Idinself makes 
frequent use, pr the rc'^ult arrived at by Michel I and Struve, but 
only MichelFs method of applying the theory of probabilities 
to throve his point. Hence it seems to me that Mr. Kleiber’s 
pafier it, not so convincing as he takes it to be ; one may agree 
with his experiments, mathematics, and conclusion, without 
admitting the truth of MichclTs argument. 

Mr. KViber’s second objection is, I think, founded on a mis- 
conception due possibly to too great regard on my jiart for the 
exigencies of your, space. As an example of distribution, I 
sugge.st a number of stars shot at random from the centre upon 
the interior surface of a sphere. The idea may be roughly repre- 
sented by the explosion of a small uniform shell of shot in the 
centre of a globe lined with day. I then attempt to prove that 
the chance of exactly uniform distribution is nf/, ana proceed ; 
**MichelI, however, seems 10 assume this probability to be i, 
or certainty,” Mr. Kleiber strongly repudiates any xuch ossump' 
tion on the part of Michell. ft is always, 1 admit, a little 
doubtful to attribute to anyone an opinion which is nut dis- 
tinctly stated, but to Forbes, as well as to myself, the assump- 
tion seems to be clear. For if the distribution is vsot uniform, 
and any groups of stars are formed, MicheU’b argument applies 
in its entirety, and he would prove, of course with greater or 
less probability, a poiterion that the arrangement is due to a 
cause, while a pnon from the datum of .shooting out at random, 
the distribution is due to chance. Syuney I,upton. 


Remarkable Rainbows. 

On Saturday, at 3. 15 p.m., there was a very brilliant primary 
rainbow, and a faint secondary bow above. Inside the primary, 
at first to the right of the centre, afterwards over the entire 
centre, were two other very faint bows, their oolotirs in the 
same order as those of the primary, but with no distingmshable 
red, the vkriet of the upper bow seeming to touch the orange of 
the bow below in each case. Green was the most striking coloor 
in the two inner bows, whose breadth appeared equal to each 
other, but considerably less than that of the primary; part of 
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this efifect betqg dqe to the loss of the red, probi^ly^lhe 
remamder to Irradiation. The perfect primary arch. 
minutes ; aa arc of the eastern side half an hour; . HtU 
being comparatively high, the centre of the arch >waa 
the bow looked flat. There was no wiad^ and many f 04 ^ 
rain-drops were large, others mere dots. . ■ 

At 5. 5, during a thunder- shower, there was a fairly 
primary with perfect arch, and two fault arcs of a Secondary, 
bow, but I saw no trace of inner bows. This primary diflfeved in 
height and brightness from the other, and the rain was a 
downpour of heavy drop^. 

Judging by relative brightn-ss, the inner bows should seldom 
be seen. L. J. II. 

Rock Ferry, August 27. 


I HAVE been unable to send so mer the fallowing, which you 
may perhap? think worth inserting in Nature, 

On the 1 8th of July, at 7.30 p.m.^ 1 saw a most remark- 
able rainbow. A sudden light fell on the book 1 was reading, 
so powerful that I thought it must be some neighbouring house 
on Are. It was a rainbow coming a.'ross the mountains opposite 
(Savoie), and ending in the lake just at the “ Bee de Peilz,'^' 
which some of your readers wilt know. It was only a sectiop 
of the rainbow, and was not continued in any other part of the 
sky, and it was so small a section that it scarcely appeared bent, 
but looked like a flery column coloured as a rainbow, but having 
the peculiarity of twt the mountaiv through it : it cut it 

sheer olT, and yet the mountain was looking unusually dark, 
and indeed the brilliancy of the sunset was such that all came 
out in strong relief. 'I'he sky was covered with stormy c'ouds 
with breaks of brightness, and above this column they nung in 
golden radiance such as only painting could faintly convey an 
idea of. Certainly I never saw so beautiful or curious a sight. 
It lasted atxiiU six minutes. M. C. C. 

La Tour de Peilz, August 17. 


Sun Columns. 

I HAVE never before seen the phenonenon of sun columns in 
such s))lendour as on the nth inst. Fhe day wa> very hot, the 
wind a pretty stiff westerly one, and the sky perfectly cloudless. 
After sunset, which (according to the calendar) took place at 
7h. 27m. p.m., several sun columns became visible. They were 
seen to grow in length, and at 7h. 40m. they extended over the 
whole sky. The columns were five in number, and pretty 
regularly distributed, so that one passed through the zenith, two 
on the north, and two on the south of it at equal distaOMS. A 
very small cloud was visible at that lime in the west-nortfi-west. 
The colour of the shades was dark blue, and their width in' 
the zenith from 2'’ to 4“. The lighted pai'ts of the sky had a 
pale violet colour. The rays extended over the whole sky like 
meridians on a globe, and all five columns were s«en to meet in 
one point in the east -south-east, about 5* ab,>ve the horizon. 
The phenomenon could be seen well in all its extension, as I 
watched it from a hill 688 metres above the sea-level, T^e 
intensity of the colour of the colu nns was at its highest at 
7h. 45m. (Prague local time), and it disapp..*ared at 7h. 5onL 

1 hope, Sir, that you will be able to mention this not very 
common phenomenon in the columns of Nature. 

St. Benigna, Bohemia, August [4. B. Braumsr, 


Meteor, 

The most brilUattt meteor I have ever seen flushed across the' 
sky h.re from east to west, about 7. 10 p.m. on the 30ih ulti I; 
Was riding along a dark road, looking downwards, when' 
suddenly ihe rjond was so brightly lit up that 1 thoii^t the 
lamp-lifter had lit another lamp. Seeing neither lamp nor 
lamp-lighier, 1 looked up, just fntime to catch a gfimps^ of the 
meteor. It was of an intense white colour, with a train or jiiwbk 
of white behind it. - When about 45® above the horiiton, U ' 
appeared to hurst like a iiky-rocket, but npl so violemly. It 
lasted about two seconds. H. W. L. lii|f f . 

Cbonoor, Madras, August I, . 

P.S— Slna wrUinjj my 4 ^^^, 

informed by Lieut. M. de Montmorency,^ Hatpi^hre 
that the meteor I mentioned burst wilM d hudnuAH^ \ 
suppose that the noise pf my horn's hpols prevented ineliAi 
hearUig it.-H, W. L. a . ; 
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F4t«-bAU of August 13— ^August Meteors. 

A COMf Aft ISON of several good observations of this brilliant 
visitor shows that the point of its first npi>earflnce vas over a 

S kee near Masliam, in Yorkshire, at a height of 79 miles. The 
isappearance occurred over Gisburn, in the same county, after 
the meteor had traversed a comae of about 48 miles, and when 
it had descended to within 47 miles of the earth’s surface. It 
was directed to a point covered by the River Mersey a few miles 
west of Liverpool. 

By a clerical error the figures representing the real paths of 
three of the seven doubly -observ^ meteors seen on August 5 
and 8 laat (Nature,' August 23, p. 395) were incorrectly stated. 
The lengths of Nos. 1, 3, and 7 in the list should be 41, 41, 
and 36 miles res| 3 ective]y. 

Including the fire-ball mrniioncd above,, the mean length of 
path of eight meteors i-een during the present month was 37 
miles. Seven of these bo<lies were Perseids, with an average 
radiant at 46^’ + 57®^ which nearly corresponds with the best 
determinations for the eniaiiating centre of this shower. 

W. F. 1)EXNING. 

Bristol, August 25. 


Sonorous Sand in Dorsetshire. 

It may be interesting to know that I have discovered the 
existence of musical ” sand on the sea- beach at a spot between 
Studland Bay and Poole Harbour. 

This sand, though not emitting sounds quite loud as those 
produced in the Eigg sand, answers all the usual tests, rnd gives 
out a distinct note when walked upon or when agitated by the 
hand or a stick. 

Briefly, I may state that I have been investij^ating the pheno- 
menon for the last two years, and that nn examination of this 
Dorsetshire sand gives fresh evidence in support of my theory 
(shortly to be published) as to. the cause of the sounds. I may 
add that I had reasons for thinking that the sand on thU par- 
ticular bench to sonorous under certain favourable 

conditions, hut that I had visited it before without auecess. 

Jt U now over thirty years since Hugh Miller dUcovered this 
wnd at Eigg, and up to the prc'^errt instance I am not aware that 
it has again been found in any other pan of Europe. 

Ckcil Carus- Wilson. 

Bournemouth, August t8. 


A Caiumn of Du«t. 

TKit follnwrag account of a somewhat unusual phenome-'on 
may not be iinintcreslHig tt> some of your pcatlers. As Mr. Emit 
Trtcbmann, lecturer at Bangor University, and myself were 
walking m the vicinity of Stockton-on-Tees on .Sunday last, 
about half-past one o’ciocJ:, we observed a small column of dust 
tame otiddcidy on the roa<l about 40 or 50 yards in front of us. 
There.was not a breath of wind stirring at the time, yet it was 
evidently luised by the action of what would popularly be called a 
small whirlwind. This column of dust moved ovtickly across the 
road, ceasing when it reached the other sl^ ^ and had the 
inckletit terminated there, we should doubtless have exhibited a> 
passing surprise and have forgotten about it. Forlvtnately, how- 
ever, inere was a hay-field on the other side of the road, and we 
presently saw several large wisps of hay Uftetl off the tops of 
some haycocks, to the amount of perhaps a stoall-sized armful, 
and carried across the fields for a distance of a quarter of a mile 
or more, at the height of 40 or 50 fecL 

Trivial as the incident may seem, it was to us singularly 
startling and impressive, and it was easy to imagine how, in n 
supemitioas age, such phenomena would be attributed to super- 
namrai agency. The mind instantly recurred to stories of 
witches trans^rting haystacks through the air. aetd it was 
difi&colt not to believe that, with, increased force "of current 
almbet , an) thing might have been carfied aipji in. a similar. 

^mAtmd»plbcreremftinedp<ft*f^li'^^^ five 

vnli^^ affee the occurrentJe, when a of wind 

W, wtd \i then iresumed its forMir tW general 


df the weather was somewhat thuhderod^ th>ttgh it 
egmdMd fine until lught. 

HvoicTaylo*. 

40 Fmser Terrace^ Gateshead-on-Tyne, August 32. 


THE INTERNATIONAL GEOLOGICAL 
CONGRESS. 

T7XACTLY ten years have passed since the Inter- 
^ national Geological Congress held its first meeting 
It was on the zgth of August, 1878, that the Congress was 
inaugurated at the Palace of the Trocaddro in Paris ; 
this meeting having been the direct result of a suggestion 
made by the American Association for the Advancement 
of Science at Buffalo, on the close of the Philadelphia 
Exhibition of 1876. A Committee was then formed, with 
Prof. James Hall, of Albany, as President, and Ur. Sterry 
Hunt as Secretary, for the purpose of organizing an 
International Congress of Geologists to be held in f^aris 
during the Universal Exhibition in 1878. The prime 
object of the Congress was to discuss, and if possible 
settle, questions of geological classification and nomen- 
clature, and to formulate rules for securing uniformity in 
geological cartography. The original American Com- 
mittee — applied indue course to the 

Geological Society of France for assistance in carrying 
their suggestions into effect, and an influential organizing 
Committee was formed in Paris, under the presidency of 
Prof. Hdbert. By the action of this Committee the 
arrangements w-ere carried to a successful issue. The 
Paris Congress numbered 304 members ; it ap do in ted 
Committees for the unification of stratigraphical and 
palaeontological nomenclature, and for systematizing the 
colours and signs on geological maps. Ultimately its 
proceedings were published in a Compie rendu of 313 
pages. 

After an interval of three years, the Congress held 
its second session. This was in Bologna, under Prof. 
Capellini as President. One of the chief results of this 
meeting was the nomination of a Committee for the 
purpose of preparing an International (ieological Map 
of Europe, on a scale of 1 to 1,500,000. On this Com- 
mittee, as at present constituted, Germany is represented 
by Prof. Beyrich and M. Hauchecorne, France by M. 
Daubrde, Great Britain by Mr. Topley, Austiia- Hungary 
by M. Mojsisovics, Italy by M. Giordano, Russia by M. 
Karpinsky, and Switzerland by Prof, Renevicr. The 
Report of the Bologna meeting was issued as a handsome 
volun^ of 660 pages. ^ 

•As the meetings of the Congress arc triennial, the next 
gathering was due in 1884, but an outbreak of cholera 
on the Continent rendered it advisable to postpone the 
session for another year. It was therefore in ivS85 that 
the Congress assembled for the third time— Berlin being 
the place of meeting, and Prof. E. Beyrich the President. 
The meeting was eminently successful, but it is to be 
regretted that no oflicial volume, containing a full report 
of the proceedings, has yet been published. 

Three years have again pasred, and the Congress is 
about to hold its fourth session. London lias been selected 
as the meeting- place, and by permission of the Senate of 
the University of London the sittings will be held in the 
University buildings in Burlington Gardens. The first 
general assembly of the Congress will take place in the 
theatre of the University at 8 o’clock on Monday 
evening, September 17, when the inaugural address wifi 
be delivered in French by Prof. Prestwich, as Presfdcnt. 
French is the official language of the Congress, but 
considerable latitude is allowed in the discussions, and 
much English and German will probably be spoken at 
the forthcoming meetings. 

On Tujesday morning the Congress will meet at 
10 o’clock, for 4 he purpose of discussing questions bear- 
ing upon geOlogical^nomenclature and classification. A 
full and valuable Report on these subjects will be pre- 
sented by the American Committee. This Report, which 
has been printed in advance, forms a volume of 220 
pages, edited by Prpf. Persifor Frazer. Although written 

* For report of the Dolocno CongrcM mee Nati hu, vol. xkv. p 34. 



416 iikfuM 


ilk English, a French abstract has been prepared by Prof. 
Z>ewarque, the Secretary of the General Committee 
On Unification of Nomenclature ; and copiea of this 
abstract will be distributed at the meeting. The English 
Committee, under the presidenc>; of Prof. T. McK. 
Hughes, will also present its revised Report, which is 
now being printed, and forms a substantial work. 

Opportunity will be given on Tuesday afternoon for 
Visiting the British Museum, where the fine collections 
Illustrative of prehistoric archaeology will be examined 
under the guidance of Mr, A. W. Franks, 

On Wednesday morning the sitting will be occupied 
with the discussion of a subject which has of late years 
been warmly debated in geological circles — the nature 
and origin of the crystalline schists. Special authorities 
on this subject have been invited to contribute short 
memoirs which have been printed in advance. As copies 
of these papers will be distributed to the members, the 
communications may be taken as read and the time of 
the meeting occupied only in their discussion. The 
volumes of papers entitled Etudes sur les Schistes 
Crystallins/* contains the following communications : — 
“Les Schistes Cristallins,’* by Dr. Sterry Hunt; ‘‘Zur 
Klassihcation der krystallinischen Schiefer,” by Prof. 
A. Heim, of Zurich ; “Sur la Constitution et la Structure 
des Massifs de Schistes Cristallins des Alpes Occi* 
dentales/’ by Prof. C, Lory, of Grenoble; “Bemerkungen 
zu einigen neueren Arbeiten liber krystallinUch-schiefl'ige 
Gesteine/’ by Prof. J. Lehmann, of Kiel ; “ Sur TOrigine 
des Terrains Cristallins Primitifs,” by M. Michel- L6vy, of 
Paris; “The Archaean Geology of the Region North-West 
<rf Lake Superior," by A. C. Lawson, of the Geological 
Survey of Canada ; “ On the Crystalline Schists of the 
United States and their Relations," by various members 
of the United States Geological Survey ; and a paper by 
M, K, A. Lessen, of the Geological Survey of Prussia. The 
group of papers contributed by the United States Survey 
contains first an “ Introduction," by Major J. W. Powell, 
the Director, followed by a paper on “ The Crystalline 
Schists of the Lake Superior District,” by the laic R. D. 
Irving, and T. Chamberiin and C. R. Van Hise; this is 
succeeded by a sketch of “ The Crystalline Schists of the 
Coast Ranges of California," by G. F, Becker, and a brief 
description of “ The Crystalline Rocks of Northern Cali- 
fornia and Southern Oregon," by Captain C. E. Dutton. 

Wednesday afternoon will be devoted to a visit to the 
Natural History Department of the British Museum 
where the visitors will be received by Prof, Flower, as 
Director of the establishment. 

On Wednesday evening the Coi^ms will be received 
by Dr. A. Geikie, as Director-General of the Geological 
Survey, at the Museum of Practical Geology in jermyn 
Street. With the view of illustrating the subjects that will 
have been discussed at the morning sitting, it is proposed 
that during the evening a series of microscopic sections 
lowing the structure of the crystalline schists shall be 
eidiibiicd on the screen, by means of the lime-light, in 
the theatre of the Museum. 

At to o'clock on Thursda]^ morning the Congress will 
re assemble in the University theatre, and proceed to. 
the discussion of questions bearing upon the International 
Map of Europe. The Map Committee will present its 
Report, and exhibit specimen sheeu illustrating the 
character of the work. In the afternoon the members 
will make excursions in various directions. One party 
will visit Windsor and Eton, where they wrH be enter* 
tained by the masters of Eton College ; ann 0 ier party 
wilPvisit Kew, and be received by Mr. Thiseitoh Dyer, 
as Director cl' the Royal Gardens ; other members wiJl 
go down the river to Erith and Crayford for the purpose 
of examining the brick^iths and gravels of the Tbams^ 
valley ; while others wiB probably visit Watford 
St. A'bans. 

At the meeting on Friday morning the discussion on 


nomendatitre and classification, oiid on the 
of maps, will be resumed. In the tveniii||r thtnv sriS’bi 
a reception at the foOms of the Geological SaCldty aft 
Burlington House, by Dr. W. T. Blkhfbid, as Vretldieiift 
of the Society. An evening reception, the date of which 
is not yet fixed, will also be held by. Prof. Prestwich, the 
President of the Congress, The concluding buslnese of the 
Congress, mostly of a formal character^ will be taken at 
Saturday morning's sitting. 

By permission of the Council of the Zoological Society, 
the Societ/s Gardens in Regent's Park will be open free 
to members of the Congress, not only during the wedt of 
the meetings but (after i o'clock) on Sundays, September 
1 6 and 33. 

Several geological excursions have been organized for 
the week following the London session. One of these, 
which promises to be extremely popular, is to the Isle of 
Wight, under the direction of Messrs, W. Whitaker, 
'f, Starkie Gardner, A. Strahan, and H. Keeping. By 
invitation of Sir Charles Wilson, this pirty will also visit 
the offices of the Ordnance Survey at Southampton. An- 
other interesting e^rursion is to North Wales under Dr. H. 
Hicks, assisted by Prof. J. H, Blake far Anglesey, and by 
Mr. G. H. Morton for the Carboniferous Limestone of 
Llangollen. A third excursion is planned to East York- 
shire, under the direction of Mr, J. W. Woodall and Mr. 
C. Fox-Stranjways, assisted by Mr. W, H. Hudleston, 
for some of the Politic series. Mr. G. H. Lamplugh for 
the FJamborough Chalk, and Mr. Hugh Bell, for the 
mines and iron-works of Middlesborough. West York- 
shire will also be visited bv a parfv under the guidance of 
Mr. J. E. Marr and Mr. R H. Tiddeman. Finally, an 
excursion to East Anglia has been organized under Mr. 
F. W. Harmcr (Mayor of Norwich) and Mr. Clement 
Reid, assisted for the older Pliocene beds of Suffolk by 
Dr. J, E. Taylor, of the Ipswich Museum. A guide-book 
containing geological descriptions of the localities about 
to be visited, written in French and illustrated by 
coloured geological maps, is in course of preparation, and 
will be presented to the members of the Congress. To 
this guide-book Mr. Topley has contributed a sketch of 
the geology of the various railway routes by which 
foreigners will reach London. 

The great interest taken in the forthcoming meeting is 
attested by the fact that already between 500 and 600 
members have been registered. The list includes nearly 
all the most distinguished geologists on the Continent 
and in America, many of whom will arrive in time to be 
present at the Bath meeting of the British Association 
during the week preceding the opening of the CfmgveiS. 
It is known that many of these geologists will bring with 
t^m collections of minerals, rocks, and fossils, for exhlbi- 
t'on m Uic temporary Museum which will be foriKH^ In 
the library of the Univei-sity of London, and which 
pronrises to be one of the most interesting features of Ae 
meeting. On the whole, there can be no ouestiOR that 
the success of the forthcoming session of me CtMwmts 
Is abundantly assured. 

MODERN VIEWS OF ELECTRICITY^ ' ' 
Part IV.— Radiation. 

X. 

O AVING now described a pots^le meriiod of mmur- 
* * mg velocity trf electric wave fimpagatieii^.t|nd 
mermore of at least the ratio of the two ethers 
k and by an experiment on the dificrent Parts tews 
eporpaously lar^e and properly Chosen : rPkjii to 
the consideration of the ordinary inwlf 
Leyden jar or. other alternating, CuVi^r 
mo^ate s^ze, u may be a few yar^ 0^ 0 fobt 
.in dtameter. ' ' 

' It theaUemating cOfrenia, ana' 
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of alt^oating machinci tboir frequency is* of 
couiiiillb^roitraiy ; but if they be automatically caused by 
the of a iflven Leyden jar in a given circuity their 
frequency is, a» we have already said, 


»V(Csj 

where L is the electrical inertia or self-induction of the 
circuit and where S is the capacity or reciprocal of the 
elasticity <X)nstant of the jar. 

ft is not convenient here to go into the determination 
of the quantity L, roughly one may say that for an 
ordinary oped stngle-loop circuit it is a quantity somewhat 
comparable with twelve or fifteen times its circumference 
multi^ied by the constant p. 

The value of S has to do with the area and thickness 

A 

of the condenser, being, as is well known, multiplied 
by the constant K. 

The product LS contains therefore two factors, each 
of linear dimensions, expressing the sizes of circuit 
and jar, and likewise contains a factor pK expressing 
the properties of the surrounding medium. Hence, so 
far as the ether is concerned, the above expression 
for frequency of vibration demands only a knowledge of 
the product of its two constants K and p, and since this 
is known by the previous velocity experiment, it is easy to 
calculate the rate of oscillation of any given condenser 
discharge. It is also easy to calculate the wave-length ; 
for if there are n waves produced per second, and 
each travels with the velocity the length of each 

wave is -. 
n 

Hence the wave-length is 2 r t 

Nowj if we go through these numerical calculations for 
an ordinary Leyden jar and discharger, we shall find 
waves something like, say, 50 or 100 yards long. They 
may plainly be of any length, according to the size of the 
jar and the size of the circuit. The bigger both these are 
the longer will be the waves. 

A condenser of i microfarad capacity, discharging 
through a coil of self-induction 1 secohm, will give rise 
to ether waves 1900 kilometres or 1200 miles long. 

A common pint Leyden jar discharging through a pair 
of tongs may start a system of ether waves each not 
longer than about i s or 20 metres. 

A tiny thimble-sized jar overflowing its edge may 
propagate waves only about 2 or 3 feet long. 

Ilte oscillations of current thus recogniz^ as setting up 
waves have only a small duration, unless there is some 
means of maintaining them. How long they will last 
depends upon the conductivity of the circuit ; but even in 
a circuit of infinite conductivity they must die out if left 
to themselves, from the mere fact that they dissipate their 
energy by radiation. One may get 100 or loop, or perhaps 
even ioo,ocx7^ perceptible oscillations of gradually de- 
creasing amplitude, but the rate of oscillation is so great 
that thwr whole duration may still be an extremely small 
fraction of a second. For instance, to produce ether 
waves a metre in length requires 300,000,000 oscillations 
per second. 

To keep up continuous radiation naturally requires a 
‘ of endrgy, and ttnless it is so supplied the radiation 
j ceases. Commercial alternating machines are 
and! cumbrous contrivances for maintaining elec- 
Vibratlons Jn circuits of finite, resistance, and in 
\ of bis by radiation. 

>st commercial circuits ^ loss by radiation is 
so emall a fraction of the whole dissipation of 
V b be {tactically negligible ; but one is, of course, 
lib tne oonaideration of commercial drctiits or 
ifiabhiOea ai'at presextt Ihbetfi^ and used. 




It may be possible to devise some less direct method — 
some chemkal method, perhaps— for supplying energy to 
an oscillating circuit, and so converting what would cm a 
mere discharge or fiash into a continuous source of 
radiation. 

So far we have only considered ordinary practicable 
electrical circuits, and have found their waves in all caSes 
pretty long, but getting distinctly shorter the smaller we 
take the circuit. Continue the process of reduction in 
size further, and ask what sized circuit will give waves 
6000 tenth-metres (ihree-fifths of a mkroft, or 35 millionths 

of an inch) long. We have only to put 2Tr ““ 


000006, and we find that the necessary circuit must have 
a self-induction in electro- magnetic units, and a capacity 
in electrostatic units, such that their geometric mean is 
iO“* centimetre (onc-lenth of a micron). This gives us at 
once something of atomic dimensions for the circuit, and 
suggests immediately that those short ethereal waves which 
are able to affect the retina, and which we are accustomed 
to call ** light," may be really excited by electrical 
oscillations or surgings in circuits of atomic dimensions. 

If after the vibrations are once excited there is no source 
of energy competent to maintain them, the light production 
will soon cease, and we shall have merely the temporary 
phenomenon of phosphorescence ; but if there is an avail- 
able supply of suitable energy, the electrical vibrations 
may continue, and the radiation may become no longer an 
evanescent brightness, but a steady and permanent glow. 


Velocity of Electrical Radiation compared with Velocity 
of Light. 

We have thus imagined the now well-known Maxwellian 
theory of light, viz. that it is produced by electrical 
vibrations, and that its waves are electrical waves. 

But what justification is there for such an hypothesis 
beyond the mere fact which we have here insisted on, viz. 
that waves in all respects like light'waves except size, z.r. 
transverse vibrations travelling at a certain pace through 
ether^ can certainly be produced temporarily in practicable 
circuits by familiar and very simple means, and could be 
produced of exactly the length proper to any given kind of 
light if only it were feasible to deal with circuits ultra- 
microscopic in size ? The simplest point to consider is : 
Does light travel at the same speed as the electrical dis- 
turbances wc have been considering ? We described one 
method of measuring how fast electrical radiation travels 
in free space, and there are many other methods : the 
result was 300,000 kilometres per second. 

Methods of measuring the velocity of light have long 
been known, and the result of those measurements in 
free space or air is likewise 300,000 kilometres a second. 
The two velocities agree in free space. Hence surely 
light and electrical radiation are identical. 

But there is a further test. The speed of electrical 
radiation was not the same in all media : it depended on 
the electrical elasticity and the ethereal density of the 
transparent substance ; in other words, it was equal to 
the reciprocal of the geometric mean of its specific 
inductive capacity and its magnetic permeability— 

Now, although the absolute value of neither K nor p 
is known, yet their values relatively to air are often 
measured and are known for most substances. 

Also, it is easy to compare the pace at which light goes 
through any substance with its velocity in free space : the 
operation is called findii^ the refractive index of a sub- 
stance. The refractive index means, in fact, simply the 
ratio of the y^ocltrbf light in space to its velocity in the 
given substance. The reciprocal of the index of refrac-* 
tion is therefore the relative velocity of light Calling 
the iitdex of leflractioh n, therefore, wc ought, if the 
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electrical theory of light be true, to find that ~ ; 

or that the index of refraction of any stibstance is the 
geomecnc mean of its electrostatic and magnetic specific 
capacities. 

That this is precisely true for all substances cannot at 
present be assorted. There are some substances for 
which it is very satisfactorily true : there are others 
which are apparent exceptions. It remains to examine 
whether they are not only apparent but real excep- 
tions, and, if so, to what their exceptional behaviour 
is due. 

It must be understood what the essential point is. It 
has been proved by various methods, and with greater 
approach to exactness as the accuracy of the methods is 
improved, that electrical disturbances— such as the long 
waves emitted by any alternating machine — travel through 
air or free space with exactly the same velocity as light ; 
in other words, that there is no recognizable difference 
in speed between waves several hundred miles long and 
waves so small that a hundred thousand of them can lie 
in an inch. This is true in free ether, and it is a remark- 
able fact. If it proves anything concerning the structure i 
of the ether, it proves that it is continuous, homogeneous, ! 
and simple beyond any other substance ; or at least that 
if it does possess any structural heterogeneity, the parts 
of which it is composed are so nenrly infinitesimal that a 
hundred miles and the hundred-thousandth of an inch 
are quantities of practically the same order of magnitude 
so far as they are concerned : its parts are able to treat 
all this variety of wave-length in the same manner. 

Blit directly one gets to deal with ordinary gross matter 
we know that this is certainly not the case. Ordinary 
matter is composed of molecules which, though small, 
are far from being inrinitrsimal. Atoms are much smaller 
than light-waves, indeed, but not incomparably smaller. 
Hence it is natural to suppose that the ether as modified 
by matter will be modified in a similarly heterogeneous 
manner ; and will accordingly not be able to treat waves 
of all sires in the same way. 

The speed of all waves is retarded by entering gross 
matter, out wc should expect the .smallest waves to be 
retarded most. The phenomenon is well marked even 
within the range of such light- waves as can affect the 
retina : the smaller waves— those which produce the 
sen.sation of blue -arc more retarded, and travel a little 
slower, through, say, glass or water, ihan‘ the somewhat 
larger ones which produce the sensation of red. This 
phenomenon has long been known, and is called dis- 
persion. Hence it is not easy to say at what rate waves 
a few inches or a few yards or miles long ought to travel, 
by merely knowing at what rale the ultra- microscopic 
Hght-w'aves travel. 

But there is even more to be said than this. There is 
not only dispersion, there is selective absorption possessed 
by matter : not only does it transnjit different-sized v/aves 
at different rates, but it absorbs and quenches some 
much faster than others. Few substances, perh^s none, 
are equally transparent to all sizes of waves. Glass, for 
instance, which transmits readily the assortment of waves 
able to affect the retina, is practically quite opaque to 
waves a few hundnd times longer or shot ter. And 
whenever this scle"*ive absorption occurs, the laws of 
dispersion are extraordinary —so extraordinary that the 
dispersion is often spoken of as “anomalous ” ; which of 
course means, not that it is lawless, but that its laws are 
unknown. Dispersion in any case is an obscure and 
little understood subject, but dispersion modified by 
selective absorption is still worse. Until the theory of 
dispersion is better understood, no one is able to say at 
what speed waves of any given length ought to travel. 
One can only examine experimentally at what rate they 
dv travel. This has been done for long electrical waves, and 
it has been done for short light-waves ; in the case of some 
substances the speed is the same, in the case of others it 


is different. But that the speed should be different 
I have now explained, very natural, and can by hOi«pjads 
be twisted into an admission that light- 
electrical waves arc not essentially identical. That the 
speed of both should agree at all is noteworthy ; the 
agreement appears to be exact in air, and practically 
exact in such simple substances as sulphur, and in the 
class of hydrocarbons known as paraffins : whereas in 
artificial substances like glass, and in organic substances 
like fats and oils, the agreement is less perfect. 

So much for the vital question of the speed at which 
electrical and optical disturbances travel. In some cases 
the speeds are accurately the same, in no case are they 
entirely different ; and in those cases where the agreement 
is only rough, an efficient and satisfactory explanation of 
the difference is to hand in the very different lengths of 
wave which have at present been submitted to experiment. 
To compare the speeds properly, we must either learn to 
shorten electrical waves, or to lengthen light- waves, or 
both, and then compire the tw'o things together when of 
the same size. 

It cannot be seriously doubted that they will turn out 
identical. 

Manttfaefure of U^ht. 

The conclusions at which we have arrived, that light is 
an electrical disturbance, and that light-waves are excited 
by electric oscillations, must ultimately, and may shortly, 
have a practical import. 

Our present systems of making light artificially are 
wasteful and ineffective We want a certain range of 
oscillation, between 7000 and 4000 billion vibrations per 
second : no other is useful to us, because no other has 
any effect on our retina ; but we do not know how' to 
produce vibrations of this rate. We can produce a 
definite vibration of one or two hundred or thousand per 
second, in other words, we can excite a pure tone of 
definite pitch ; and we can command any desired range of 
such tones continuously by means of bellows and a key- 
board. We can also (though the fact is less well known) 
excite momentarily definite ethered vibrations of some 
million per second, as I have at length explained ; but we 
do not at present seem to know how to maintain this rate 
ouite continuously. To get much faster rates of vibration 
than this wc liave to fall back upon atoms. We know 
how to mnke atoms vibrate : it is done by what wc call 
“ heating the substance, and if we could deal with indi- 
vidual atoms unhampered by others, it is possible that we 
might get a pure and simple mode of vibration from them. 
It is possible, but unlikely ; for atoms, even when isolated, 
have a multitude of modes of vibration special to them- 
selves, of which only a few are of practical use to us, and 
we do not know how to excite some without also the 
others. However, we do not at present even deal with 
individual atoms ; we treat them crowded together in a 
compact mass, so that their modes of vibration arc really 
infinite. 

We take a lump of matter, say a carbon filan'tenfe or a 
piece of quick -lime, and by raising its temperature we 
impress upon its atoms higher and higher mode^ of 
vibration, not transmuting the lower into the higher but 
superposing the higher upon the lower, until at length we 
get such rates of vibration as our retina is constructecj for* 
and wc arc satisfied. But how wasteful and indirCi.‘t and 
empirical is the process. We vvant a small range bf iipid 
librations, and we know no better than to make the wmlo 
series leading up to them. It Is as though, in order to sourd 
some little shrill octave of pipes in an organ, wc wttnS 
obliged to depress every key and every pedal, and to 
I a young huiTicane. 

I have purposely selected as examples the more 
methods of obtaining artificial light, wherein the 
radiation is only useless, and not noxious. But thf 
fishioned plan was ciuder even than this, it conaU^ 
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in setting something burning ; whereby not only bound to the United Slates ; but these efforts have hitherto 
but the air was consumed, whereby also a most met with little success from want of Mifficient knowledge of 
pbviWttl radiation was produced, in the waste waves of the conditions existing over the Atlantic,many storms pass- 
whirt^ we v/ene content to sit stewing, for the sake of the ing wide of the British IsleSjOthers originating in mid-ocean 
mittine, almost infinitesimal, fraction of it which enabled or dying out there* Of the endeavours to connect our know- 
us to see* ledge of the weather over the Atlantic with the reports re- 

Everyone knows now, however, that combustion is not ceivedfrom the two shores, the laboursof Captain Hoffmeyer 
a pleasant or healthy mode of obtaining light ; but every- as explained in “ Etudes sur ies Tempeies de TAtlantique 
body does not realize that neither is incandescence a septentrional (Copenhagen, 1880), and recent publica- 
satisfiictory and unwastcful method which is likely to tions of M. Ldon Teisserenc de Jlort in the of the 

be practised for more than a few decades, or perhaps Central Meteorological Office of France, deserve especial 
a century. attention. With the view of utilizing the American 

Look at the furnaces and boilei-s of a great steam-engine weather reports for the purpose of improving European 
driving A group of dynamos, and estimate the energy weather predictions, M. de Hort has made an investiga- 
expended ; and then look at the incandescent filaments of tion of the mean positions of high and low pressures in 
the lamns evcited by them, and estimate how much of the northern hemisphere for all winters since 1838, and 
their radiated cnerg*)' is of real service to the eye. It will he shows how these great centies of atmospheric action 
be as the energy of a pitch-pipe to an entire orchestra. correspond to different types of weather, that during each 
It is not too much to say that a boy turning a handle season these centres arc limited in number, and that each 
could, if his energy vrere properly directed, produce quite of them when displaced still lies within a definite area, 
as much real light as is produced by all this mass of During the winter season, for instance, the maxima are 
mechanism and consumption of material. arranged as follows (1) The maximum of Asia, which 

There might, perhaps, be something contrary to the laws generally includes two pans, one being near Irkutsk, 
of Nature in thus hoping to get and utilize some specific the other either in Siberia or Russia, one of the positions 
kind of radiation without the rest, but Lord Rayleigh has being usually to the south-west of Tobolsk. (2) The maxi- 
shown in a short communication to the British Association mum of Madeira, which is also sometimes split up into 
at York 1 that it is not so, and that therefore wc have a two parts, one being over the ocean and the otlier over 
right to try to do it. Switzerland and Central Europe, or joining with a part of 

We do not yci know how, it is true, but it is one of the the high piessurcs of Asia. (3) 'I'he Bermuda maximum, 
things we have got to learn. which is often found over the cast of the United States 

Anyone looking at a common glow-worm must be struck | or even in the neighbourhood of Nova Scotia. (4) The 
with the fact that not by ordinary combustion, nor yet on continental maximum of America, which usually lies over 
the steam-engine and dynamo principle, is that easy light the mountainous parts. (5) The I’nlar maximum, which 
produced. Very little waste radiation is there from phos- appears over Greenland, Iceland, or Norway. With 
phorescent things in general. Light of the kind able to respect to the minima, there are (i) the low pressure 
affect the retina is directly emitted, and for this, for even situated over the north of the Atlantic, which may be 
a Lirge supply of this, a modicum of energy suffices. called the I cel and minimum ; (2) a mini mum which is 

.Solar radiation consists of waves of all sizes, it is true ; mostly to be found in America, generally over the region 
but then sohr radiation has innumerable things to do of the Great Lakes ; and (3) a minimum which a])pears 
besides making things visible. The whole of its energy to belong to the Arctic Ocean, and whose centre generally 
is useful. In artificial* lighting nothing but light is desired ; lies near Nova Zembla. These mean positions are laid 
when heat is wanted it is best obtained separately, by down in recent barometrical charts, such as those of the 
combustion. And so soon as we clearly recognize that light Meteorological Office and other insuimions The maxima 
is an electrical vibration, so soon shall we begin to beat and minima may combine respectively, but there are 
fObout for some mode of exciting and maintaining an scarcely any conditions where at least three centres of 
electrical vibration of any required degree of rapidity, high pressure and two centres of low pressure are not to 
When this has been accomplished, the problem of artificial be found between Chiiia and California, and between the 
lighting will have been solved. Olivek J. Lohcje. ei^uator and 80*^ N , latitude. When the positions of the 
_ . high and low pressures are well known, we may proceed 

^1 o oe continue 1 .) natuialist, and discover, by the examination of 

-- . __ _ _ some portions, those that are wanting to the whole. The 

introduction of this method into meteorology has a direct 
STORM WAR^TNGS. application in the prediction of weather. The telegraphic 

^ , . . reports now received allow of the construction on one 

'T' WEN TV-EIGHT years ago, M. 1 -e Verrier wrote to hand of the isobaric chart over Europe (which ought to be 
^ the Astronomer- Royal at Greenwich inviting the extended as far as Asia), and the isobars in their general 
co operation of this country in his scheme for giving features over the United States ; between the two there 
warning of storms by announcing them and following remains the g? eat unknown of the Atlantic. Now by a 
thwr course by telegraph as soon as they appear at any methodical discussion of the isobars of the two shores of 
point of Europe, and in the following year (1861) Admiral the ocean we ought to be able to reconstitute the conditions 
riURoy established his system, giving notice of storms over the Atlantic with a great amount of probability, 
before they actually strike OUT coast. Notwithstanding the But how are we to know that there are not two or three 
success which has attended these efforts, storms sometimes centres of depression over the ocean, for the number of 
o\*ertake us before warning of their approach can be given, depicssions is not limited ? Evidently this is very difficult ; 
and every endeavour to increase ourforeknowlodge of their for the object in view— viz. to reconstruct the general 
ii^vements o® welcomed. Since the year features of the isobars with sufficient accuracy to make 

rSod much additional light has been thrown upon the sub- use of the data for forecasting the weather in Eu’rope—the 
jea by the systematic publication 6f synchronous charts, difficulty is not so great. In fact, either the depressions 
mch as those Commenced by the late Captain Hoffmeycr, arc grouped so as to be only the subsidiary disturbances 
*>ireotw of the Danish Meteorological Inatitute* Several of a great minimum, and in this case the position of 
attem pts have also been made to utiliie the Atlantic the minimum may be indicated, which is the important 
object of givingwarniag of storms leaving point, or they arc completely separated, forming distinct 
American 'coast or met with by the fast steamers systeijis of low pressure, and then the trace of them is 
* B.A. Report, t 83 i, p. 54^ found in the isobars on the coasts, and often even in the 
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arrangon^nt or the number of the maxima attuated over 
the Continent. 

The essentia] condition for successfully constructing 
the isobars is a knowledge of the various types that pre- 
sent themselves, so that we may discover by a simple 
inspection of thc^ charts of Europe and America what 
general type is in question. We will give two' examples 
in which M. de Host shows that the reconstruction of 
the general chart according to this method would have 
cnamed him to foretell two important storms. 

On December 2, 1886, the general conditions were as 
shown in Chart N o, 1 . 

'*By confining our attention to the indications given 
solely by the chart of Europe,’' he writes, “we might 
expect in France cold weather with cloudy sky and sleet 
showers. On the 4th, a depression which was foretold on 
the 3rd had spread over the British Isles, where it brought 
bad weather ; but the barometer rose rapidly over the 
west of Europe. Supposing that the high pressures would 
extend over Central Europe, we might expect a spell of 
fine and cold weather. Instead of that a rapid fall of 
the barometer occurred over the north of Europe, and 
the wind shifted to south-west. On the 7th and 8th this 
condition was intensified, and one of the most violent 
storms that we have experienced for a long time struck 
us, the barometer at Mullaghmore falling to 27*45 inches.” 


^ '■ 

of the month lihe enstence cifan area cif Idgh 

over west of Europe, and k appears 

distance over the ocean ; low utesnim m 

the north of the Continent Inis condition persiil^Mth 

rather cold weather, and on the 7th, in Tranc^ a ccMifiia* 

tion of dr^ weather is foretold. In England, the fotneast 

bears principally on the consequences of the mbve- 

ment of a small barometric minimum which exists over 

Scotland. 

On the 8th a complete change of system occurred ; an 
important depression reached Europe over Portugal, and 
the low pressure extended over the north of the British Isles. 
This depression did not fail to bring a storm from the 
north-east. While the situation in Europe was Considered 
as fairly stable, and the low pressures of the north of 
Europe were considered to be chiefly in operation, an 
important minimum which was advancing from the cen- 
tral part of the ocean suddenly appeared, and produced 
a complete change of conditions. And yet the predictions 
of the European meteorologists were certainly the only 
ones that could have been made from the study of the 
various daily weather reports. But if we construct the 
chart of the 5th of October, we shall recognize that a 
centre of low pressure was very close to the south-west of 
Spain, and was directly threatening Europe. A mere 
glance at the Chart No. 2 would have been sufficient to 




Chvht No, z. 


If we refer to the general charts, and particularly to the 
chart of December 2, We shall see that the barometric 
maximum of Asia is in its place, and that over the United 
States there is a large area of high pressure. This is 
rather extended, and leaves no room for the low pressure 
of the region of the Lakes except in the vicinity of New- 
foundland. As there is also a rather important baro- 
metrical maximum to the west of Europe, we conclude 
that very important low pressures must exist over the 
ocean on the American coast. Under these conditions, 
in order to have fine weather, it is necessary that the area 
of ]ow pressure of Central Europe should shift towards 
Siberia, so as to allow the maximum to advance over our 
regions. On the 5th, the increase of the high pressure of 
Asia towards St. Petersburg and Finland clearly indicates 
that the area of low pressure cannot shift in its entirety 
towards the East. The rise of the barometer over the west 
of Europe must not therefore be taken as a sign of lasting 
fine weather, but as the result of the approach of the low 
pressure from the ocean. From these conditions M. de 
Bort shows that the forecast to be dr^wn for Westem 
Europe was entirely opposite to that which resulted from 
the study of the conditions over Europe alone. 

Another example of the utility of the construction of the 
charts over the ocean is afforded by the very sudden 
change of weather that occurred on the 8th of October, 
1887 (Chart No. 2). 

The European weather charts indicate at the beginning 


change entirely the weather forecasts in Western Europe, 
and would have given ample warning of the approach of 
the storm of the 8th. 

As to the reasons which would allow us to trace the 
isobars over the Atlantic in the way they are represented 
on the chart ; the importance of the barometric maximum 
situated over the British Isles and the west of Europe is 
such that we must infer from it that the normal maidmum 
of Madeira was displaced. This conclusion was confirmed 
by the observations from Madeira, where the barometer 
was below 29 9 inches, with a south-east wind. Secondly, 
there were no important low pressures in America, there- 
fore these must exist over the ocean and near Europe, as 
the observations from Nova Scotia show higher pressures 
than those from Canada. Everything concurs, therefore, 
in indicating with certainty the presence of a large baro- 
metric minimum over the centre of the ocean, aad the 
importance of this indicatkm for the prediction of the 
weather in Europe cannot be contested. 

From these examples M. de Bort concludes^(l) that, 
with the aid of telegraphic reports from America, onid 
the knowledge of what is taking place over Europe and 
Siberia, we can trace the isobars over the ocean with 
much chance of success ; (3) this trace being made, We 
may take useful advantage of it to reveal the ttde 
character of the general condition of the atmosphere, 
which our charts, limited to Europe and the Britfsih llAes 
alone, arc powerless to indicate. r 


421 


1888 ] ' JMP{/Ji£ 


, SO.VA'ET* 

AmWeft/ vMurA oceurt^ in St* Margaret' t 
\ Chmrcht Wixtminsttr^ tm August 9, 188S. 

>R£ the altar Man and Maid they stood, 

I altar-step as Man and Wife then kneeled- 
Its Hdaven-lent strains the sacred Organ pealed, 
Moulding thoughts, hopes, and passions as it would, 
Tiir&H hearts swam in one melc^ious flood. 

When as rapt Fancy wandered far a-held 

Lo I Eve's fresh bower stood to her sight revealed 

Where hung upon the spray a pure white bud — 

The bride’s half-sister on her nurse’s breast- 
Fair- writ indenture of prevenient Mind, 

An Imogen e stoic back from far Dream-land 
(Spirit of womanhood by a child possessed !) 

0 *er whose soft gaze, as Ocean deep, inclined 
My lips with reverence, kissed her dimpled hand. 


New College, Oxford, August 26. 


J. J. S. 


NOTES. 

Prop. Piaz/j Smvth has resigned Ihe office of Astronomer- 
Royal for Scotland, and no one who takes the trouble to read 
the second appendix to a paper on “ The Edinburgh Equatorial in 
1887,” contributed by him lately to the Proceedings of the Royal 
Society of Edinburgh, and now reprinted, will be surprised at 
his decision. Before he consented to join in the project of the 
Board of Visitors, about 1870, of applying to the Government 
for a large equatorial, Prof. Piazd Smyth pointed out that such 
an instrument, even if once bot up complete, would require 
further expenditure year after year to keep it fully efficient, and 
that the working with it would be fo peculiarly onerous and 
responsible that the salaries of the officers of the Royal Obser- 
vatory, Edinburgh, already acknowledged to be at, or l)elow, 
starvation point, should be raised more nearly to the level of 
those of other Observatories or of any ordinary Government 
offices. He was told that all that was most certainly right, and 
would be brought about ; and the Board of Visitors did most 
honourably proceed to frame a scheme providing for a modest 
addition not only to the observers' salaries, but lo the available 
income of the Observatory, to be expended by the Astronomer 
in instrumental repairs, experiments, and improvetnents at his 
discretion. Under these promising circumstances he acted with 
the Board in their application for a larjge equatorial. The 
instrument was in part set up, under the authority of the Office 
of Works, in 1872 ; but in the following year, when the election 
was found very incomplete, the scheme of the Board -of Visitors 
for Increasing the salaries and available income of the Observa- 
tory to a point sufficient to finish, maintain, and work the instru- 
ment, was suddenly and finally disallowed. A Comi;|aJiUeer 
appointed in 1876 by Mr. (now Lord) Cross to the 

matter, reported for a series of financial improvements similar 
to those suggested by the Board of Visitors ; but the Home 
Secretary declined to listen to his own Committee. Another 
Comiaittee was appointed in 1879. This Committee did not 
admit the Astronomer to its council, and limited its inquiries to 
the equatorial. It advised certain improvements, and obtained 
a grant for executing them ; but the grant either still remains 
in the possession of the Office of Works or has lapsed to the 
TwMury— a fact which is the less to be regretted as the sum 
was absurdly inadequate. It would be hard to match this 
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wretched tale in any other civilized country ; and we can scarcely 
expect that science will c mtinue to fl'iurifih in Great Britain if 
its claims are to be treated with so much contempt. Prof. Piazzi 
Smyth, having withdrawn from his position at Edinburgh, retires 
to Clova, Ripon, where he will c mtinue his astronomical studies. 
Warm appreciation of his services during the forty-three years 
in which he has held office has been expressed on behalf of the 
Secretary for Scotland, and by the Senatus Academicus of the 
University of Edinburgh. 

The British Archaeological Association, of which the Marquess 
of Bute is this year the President, began its sittings in Glasgow 
on Monday. Although this is the forty* fifth annual Congress, it is 
the first occasion on which the Association has crossed the 
border. 

The Association of Public Sanitary Inspectors of Great 
Britain held on Saturday, by invitation of the Mayor (Alderman 
Martin), a public conference on sanitation in the Royal Pavilion, 
Brighton. An address by Mr. Edwin Chadwick, the President, 
who could not be present on account of his advanced age, was 
read by Dr. B. W. Richardson, The address presented an 
interesting general view of the recent progress of sanitation in 
this country. 

Mr. William Chappell, F.S.A., who died on the 20th 
inst. at his residence in Upper Brook Street, was known chiefly 
for his efforts to popularize old English music ; but he deserves 
to be remembered also as an ardent student of music in its 
scientific aspects. He had a wide and accurate knowledge of 
the natural laws on which the principles of musical composition 
are based, and his book on the History of Music, both as an 
Art and as a Science, is of great value. Mr. Chappell was 
seventy-eight years of age. 

Mr. P. H. Gosse, F. R.S., the well-known zoologist, died at 
hU residence, St. Marychurch, Torquay, on the 23rd inst., at 
the age of seventy* eight. Mr. Gossc was elected a Fellow of 
the Royal Society in 1S56, 

Mr. William A. Croffut has been appointed executive 
officer of the United States Geological Survey, in the place of 
the late Mr. James A. Stevenson. Mr. Croffut is a well known 
journalist, and Science anticipates that he will fill with success 
the difficult position in which he is placed. 

Captain H. Fabritius, of the Norwegian Hydrographical 
Office, is engaged during the present summer in the steamer 
Professor Hausteen in making hydrographical researches on 
the west coast of Norway, similar to those of last year. 
The course fo* lowed is from Malnngen southwards, soundings 
being taken at about every mile to a distance of some sixty 
miles from the coast. 

Several recent shocks of earthquake are reported from 
Norway and Sweden. In the former country an earthquake 
shojk of great severity was felt in various parts of Hardanger, on 
the west coast, shortly after midnight on July 17. Houses 
were shaken, and furniture was thrown down. In one place three 
shocks were felt. The earthquake was accompanied by loud 
subterranean rumblings. lU area seems to have been very 
limited ; in places only a few miles distant no trace of disturb- 
ance was perceived. On July a8, about 3 a.m., a very severe 
shock of earthquake was felt along^ p great portion of the 
northern Baltic shore of Sweden. At^|^rn6sand, Omsk olds vik, 
and Lungdn, the shocks are reported as particularly severe, 
houses shaking, In some places two or three-shocks were 
felt, laslingi so correspondents maintain, several minutes. In 
every place loud subterranean detonations were heard. Again, 

I on the evening of Augasi 17, during a hurricane, a severe 
earthquake shock was rhic in the neighbourhood of Vstod in 
I Scania, in the extreme sosth of Sweden. 
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On the morning of August 17, fthout 3 a,m., a remarkable 
plienomenon attracted attention at the Island of Rilgen, in the 
DnUic. A deep rumbling out at sea was heard, and soon 
aficrwai*!!® two enormous waves approached from the north- 
west, breaking over the shore and doing considerable damage to 
Biuall craft. At ^he time the sen was calm, and there was 
no wind. 

On the night of July 31 a brilliant meteor was seen at Lin* 
hoping, in Swede i, going in a north-westerly direction. It 
6 nally burst, the fragments appealing to fall near the railway 
park. 

Symons's Monthly McUorolo^ual Magazint for August con- 
tains an iiiteresling summary of the climate of the brilish Empire 
during 1887. Comptinng with the summary for 1886, Stanley, 
Falkland Isles, takes the pUt c of London, as the dampest station. 
Adelaide lias the highest shade temperature, ill'’ '2 ; the highest 
temperature in the sun, 164'' ; and is the driest •itation. Winni* 
peg lias the lowest shade temperature, '-42“7, and the grea'est 
yearty range, 135“ 9. Bombay has the greatest rainfall, and 
M.ilia the least, and nlso the least cloud. Ahhjugh the 
maximum shade temperatures in Australia exceed those in India, 
the average maxima of the latter far exceed those of Australia. 

The Pilot Clmrl of the North Atlantic Ocean for Augusi 
shows that although the weather over that ocean was generally 
fine and very mild during July, a number of depressions uerc 
gtnert^ted, and produced gales over the trans-Atlantic roiuca. 
The most vi dent was one which develope 1 on June 27, in about 
latitvide 42" and longitude 52', icnching our coa ts on July 4. A 
wi»*d force as high as 1 1 of the Beaufort scale was recoided 
duiing its course. Dense continuous fog was encountered over 
and to the westsvard of the Grand Banks. Large quantities of 
ice have been reported as fai west as the 6oih me.'idian. The 
tracks of all the most notable August hurricanes on lecord are 
plotted on ihe chart, and show where these dangeious cyclones 
are likely to bs cn;o.i:UeroJ. A supplementary chart showing 
the direlicts in the North Atlantic, givc't nUo the compleio 
history up to date of the great log raft which was abandoned 
last December. 7 ’his most dangerous olist ruction to navigation 
consisted of about 27,000 trunks of trees bound together, and 
measured 560 feet long. Thousands of the great logs of which 
it was composed are still drifting over the commercial routes. 

In the AmnHcan MNecroiogkal Journal for July, Lieut. 
(Jlav,sford describes a new wind vane in use at the California 
State University, The design is said to possess novel advant- 
ages, such as supporting all the weight upon a paint, like a 
compass card, an oil vessel into which paddles dip to lessen the 
suddenness of vibiatinn, *S:c. It may here be mentioned that 
anemometers with liquid brakes have also been made in this 
country. Mr. Kotch contrdbuies an article on the Observatory 
on the ShntU, in Switzerland. The observations of this moun- 
tain station are regularly published in llie Annalm of the Swiss 
t entrai Meteorological Office. Mr. K. Waldo gives an abstract 
of the resulu of comparisons of several of the combined cistern- 
syphon baromeieis, known as the Wild Fuess check barometers. 
These portable Initrumcnta have been for wjme time in use in 
Kussia, and some of them are now introduced into the United 
Stages Signal Service. The full account of the comparisons was 
prepared for the Chief Signal Ofticer’s IJcport, but is not yet 
p/inted. 

Dr. G. N. Stewakt, Owens College, sent recently lb the 
Royal Society of Edinburgh a preliminary communication on 
the electrolytic decomposition of proteids. He pointed out 
that it is an important question whether the conduction cf 
electricity by animal tissues is mainly or entirely electrolytic. If 
it is mainly electrolytic, the further question becomes interesting, 


What arc the electrolytes? The inquiry is thus bra^g^)i. 4 ato 
relation with the whole of electro- physiology on ibe 
and the whole of electro- therapeutics on. the either, and, at the 
present moment, it g.ains special interest from Uie practical point 
of view', in connection with the recent introduction of>sti^edig 
currents into gynn.^calugical treatment. The investigation is as 
yet faf from being complete, and Dr. Stewart is at present 
carrying on the ex()ei'iinents. Tn the case of egg albamen it has 
been found that the resJ'^tance at any given temperature is not 
changed by Coagulation, but that it is enormously increased by 
dialysis. "Ihe conclusion is that it is, mainly at any rate, by the 
electrolysis of the simple inorganic constituents that the current 
passes. 

\ THtRB edition of Frof. Silvanus P. Thompson's ** Dynamo- 
Electric Mftchintiy ” (E. and F, N, Spon) has just bsen issued. 
Most of the treatise has been rewritten for this edition^ and much 
new matter has been added. 

The University College of North Wales haS issued its Calendar 
for the year 18SS S9. 

In the Annual Report, for the year 1887, of the Trustees of 
the American Muscunj of Natural History, Central Faik, New 
York City, it is stated that the collections of this Museum are 
now valued nt the sum of about 600,000 dollars. ‘Mt is but 
right to say,” add the Trustees, “ that of this large amount your 
'I fu‘>tces have been the main contributors, necessity of 

adding to these collections increases as time goes on, and it is 
ho|>cd that more of our citizens will lake an earnest and in- 
creased intcre-t in our Museum, and so aid the Trustees in making 
this insliiutiju what it should bo and what our city has aright to 
expect — the great mu.seum of the covintry.’’ 

In a letter written on hoard the seal-ship Jason in the Denmark 
Sound, Dr. Nansen diaw^ aileniion to the scarcity of seals on 
tlie coast of Greenland in recent years. Only ten years ago the 
animals weie so plentiful and tame that thousands could be 
“clubbed” with the gieatest case, whereas now they have be- 
come scarce and shy. Dr. N an^en is of opinion tliai the ruth- 
ie-s persecution of these animals since 1876, when the first aealer 
appealed in the Denmark Sound, has caused them to alter their 
habits. Formerly they were found on the edge of the drift- 
ice, wheic they were safe from their only enemy, the Polar 
bear, thougli falling an easy prey to the .sealer. Now they 
gathei on the ice close to the shore, whither vessels cannot 
penetrate, and where they are, at all events, safe from one 
enemy. This, says Dr, Nansen, was fully demonstrated oq 
several occasions, particularly on July 2, when seals were seen 
lying in thousands close under the shore to the north and north- 
east as fur as the eye could reach from the mail head. To the 
north especially the ice was for miles one mass of dark animals. 
Di. Nansen advocates a closer preservation of the seal The 
seal fisher) was a failure this year, and scalers report that the 
ice-masses were enormous. 

The additions to the Zoological Society’s Gardens during the 
past week include three Black-headed Lemurs 
from Madagascar, presented by Captain J, Bonneville ; a Hing- 
tailed Coati {Nasua rtt/a) from South America, presented by 
Captain James Smith ; a Kaxorbill (A/ca (ort/a), British, pre- 
seal ed by Mr. T. n. Nelson ; a Nightingale {Dauiiai 
British, presented by Mr. J, Young ; an Americtm WiW 
Turkey {MeUag^'u ^Ih^pavo 6 ) from North America, prMCtttod 
by Mr. F. J. Coleridge Bolej ; a Raven (Cos's/us coraxlf Brltl^ 
presented by Mr. F. Steinhoff; two PalhkVs Sand GrnW 
{Syrr/fapus bred in Fifeshire, N,B., presented, 

Mr. Alexander Speedie ; a Macaque Monkey 
6 ) from India, a l..ester White^nnsed Monkey 
fetnurista 9 ) from West Africa, a Vulpine Squirrel 
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from North America, deposited ; two Great White 
He^NU XAr^Ht er/As), European, purchnAed ; a Moor Monkey 
maitt*us) from Java, a Malabar S<\nirrel {S/i»rus 
mAm 9 Hiif)from India, a Red-bellied Squirrel (Srturus varifgatus) 
firom Vera CruE, a Solatera Curassow {Crax schUri ^)from 
South America, a River Jack Viper {Vipera rhinoceros^ from 
We$t Africa, received in exchange ; a Wapiti Deer 
£anadimis <{ )» five Brazilian Teal (Qtter<ffteduia hrasiUensis\ two 
Chilian Pintails (Dajila spint'atida)^ two Triangular Spotted 
Pigeons (Coiumba gtnHea)^ three Chinese Blue Magpies 
{CyanopoHus cyanus) bred in the Gardens. 

OUR ASTRONOMICAL COLUMN. 

The Spectrum ok K Cyoni.— T he Rev. T. E, Espin, in 
Circular No. ai of the WoUingham Observatory, reports that 
he observed a remarkably bright line (apparently r) in the 
4pectnim of this star on August ir The observation was con- 
firmed on August 32, on which night Dr. Copeland also 
observed the bright line and determined its position. Duner's 
observations of this star in 1879, t88o, and 1882 showed tt as 
possessing a feebly -marked spectrum of the third ( Seech i's) type. 
A change would therefore seem to have taken place in this star. 
Place for 1887*0, R.A. iph, 33m. 49s., Decl. 49^" 57' ’o N. 

Mri^AN Double-Star Observations. — Prof. Schiaparelli 
has recently published, in No. xxxiii. of the Publications of the 
Royal Olwervatory of Urcra, the re^-ults of his measures of 465 
systems of double stars made with the fine 8-inch Merz refractor 
of that Observatory in the eleven years 1875-85. The observa- 
ttons are nearly 4000 in number, and are for the most part 
of stars of small distances, i.e. less than 5", apart, the binaries 
in rapid motion receiving especial aitention. ’1 he measures 
arc grouped together into lour parts, the stars of the Dorpat and 
Pulkowa catalogues forming the fir^t two, then follow .stars dis- 
covered by Burnham, and those of other dis' overers are grouped 
together in the last. Besides these detailed results of the 
measures made with the old 8 inch, with which Prof. Schia- 
parelli has done so much excellent work in the ^ ast, there are 
given in an appendix mean results for a nnniber of the closest 
pairs as measured with the new 1 8- inch refractor. Prof. Schia- 
parelli seems well satisfied with the performance of this new 
instnurent, and records the discovery that the principal star of 
S 1273, « Hydrre, is itself a very close double, a fact that had 
hitherto escaped notice, notwithstanding the number of obser- 
vations which have iieen made with vari ms telescopes upon the 
star. The magnitudes of the two components t»f the new 
double are 4 and 5*5. and the djjjinnce is o"-3 or o"*25. 
The earlier part of the volume contains a detailed description of 
the optical performance of the 8- inch refractor, a discussion of 
the errors of the micrometer and of the accidental enors of 
observation, a determination of the systematic errors of observa- 
tion, and a very full comparison wuih Dembowski’s measures. 
The differences in the determination of position-angle due to 
the varying inclination of the Ii^^c joining the two stars to the 
line of the observer's eyes are also investigated, but the reversion 
prism was not used. Prof. Schiaparelli finds that on the whole 
his measures of distance are free from systematic errors due 
to personality, but his position -angles have n tendency to be 
small fts comparetl with those of other observers. 

Amount the notes to some of the more interesting stars is one 
on oa 285 in which a correction of 180* is suggested to the 
angles of Englemann and Perrotin in 1883 and 1885, the star 
being supposed to have passed rapidly through periastron in the 
long period from 1865 to 1883, in which it was unobserved. AU 
the Observations would then be .satisfied by an ellipse of too 
ytears of revolution, IL 2367 and 3 4525 are noted as appearing 
as single stars with the 1 8-inch refractor In 1887. 

Encke'S Comet. — M r. John Tebhutt, Windsor, New South 
Wales, informs us that he picked up this object on the evening 
8. Its place as observed closely accorded with that 
given In t)r. Bagklund’s epherneris, 

ASTRONOMICAL PHENOMENA FOR THE 
WEEK 18R8 SEPTEMBER a-8. 

(Tt OK the reckoning of time the civil day» cotnmettcing at 
, ^ , Greenwich mean midnight^ counting the hours on to 34, 
\i here emp^eyed.) 


At Grtmrtfieh an September 2 

Sun rises, 5h. 17m. ; souths, nh. sgm. 2i*6s. ; seta, 18K. 4211 : 
right asc. on meridian, loh. 47 '6m. ; decl. 7* 40' N. 
Smercal Time at Sunset. I7h. 3rm. 

Moon {New on September 6, 5h. ) riKCs, oh. 39m. : souths, 8h. 49T1. ; 
sets ifib- 55*n* t right asc. on meridian, 7h. 37'2m.; decl. 
20® 54' N. 


Right asc and drclinatian 

Planet. Rjws. Souths. Set*. nn meridian. 

h. m. h, m. h, m, h. m. o j 

Mercury.. 6 2 ... 12 3^ ... 19 4 ... ii 21*6 ... 5 28 N. 

Venus 6 35 ... 12 55 ... 19 15 ... ii 43*3 3 12 N. 

Mars 12 26 ... 16 39 ... 20 52 15 27*8 ... 20 2+ S. 

Jupiter.... 13 38 ... 16 58 ... 2! 18 ... IS 47*5 ••• *9 *9 S. 

Saturn.... 2 43 ... 10 19 ... 17 55 ... 9 6*9 ... 17 19 N. 

Uranus ... 8 33 . . 14 9 I9 45 ••• 57*5 5 29 «• 

Neptune.. 21 38''... 5 15 .. 13 2 ... 4 2 4 ... 18 59 N. 


• Indicates that the ribinff i* that of the preceding evening 

Oecniia/iarts a/ Stan by the Moon (visible at Greenwich). 

Corresponding 
'angles from ver- 

Sept. Svcar. Mag. Ditap. Reap. tex to right for 

inverted image, 
h. m. h. m. ^ 

2 ... 61 Oeminorum .. 6 ... 04.. o 50 ... 84 216 

3 ... B.A.C. 2854 ... 6 ... 4 54 nearapproach 135 — 

Sept. h. 

4 ... I ... Saturn in conjunction with and o 34' '*5iuh 

of the Moon. 

7 ... o ... Mercury in conjunc* ion with and 3“ 46' s >nth 

of the Moon. 

7 ... 7 ... VeniN in conjunction with and 3® 32' south 

of the Moon. 

Variable Stars. 

Star. R.A. Decl. 



h. 

m. 






h. 

IT. 


A Ttturi 

-• 3 

54'5 • 

. 12 

10 

N. 

.. Sept. 

4» 

20 

26 

m 

C Oeminorum 

... 6 

57'5 

. 20 

44 

N. 


8* 

21 

0 

m 

S Librae 

... 14 

5S'o . 

. 8 

4 

s. 

• • It 

6. 

2f 

42 

m 

V Ophiuchi... 

... 16 

20 '5 . 

. 12 

10 

s. . 

N. . 

« • tt 

6, 



M 

U Ophiuchi... 

... 17 

10*9 . 

. I 

30 

«• tt 

4. 

I 

*5 

m 







tt 


21 

32 

m 

W Sagittarii 

... 17 

57 ’9 . 

. 29 

35 

N. 

*• 71 

8. 

I 

0 

m 

B Lyras 

... 18 

46 0 . 

‘ 33 

14 

N. 


7. 

23 

0 

m. 

R Lyraj 

... 18 

5I'9 

43 

48 

N. . 

•• It 

3, 



M 

M 

S VulpecultK 

... 19 

43*8. 

. 27 

I 

N. . 

. . ,1 

2, 



ij Aquilae 

... 19 

46 '8 . 

. 0 

43 

N. . 

■ • tt 

7t 

0 

0 

M 

R Sagittas ... 

... 20 

90 . 

. 16 

23 

N. . 

•• ti 

6, 



m 

X Cygni 

... 20 

39 'O . 

• 35 

1 1 

N. . 

•• tt 

5. 

3 

0 

M 

T Vulpeculfic 

... 20 

46 7 . 

.. 27 

50 

N. . 

'• It 

2, 

3 

0 

M 

S Cephei 

... 22 

25 'O . 

• 57 

5« 

N. . 

•• If 

4. 

s 

0 

m 


M signifies maximum ; »« minimum ; tn^ secondary minimum. 


Meteor'Shermrs. 

R.A. L>«cL. 

Near Algol 43 39 N- — Swift; streaks. 

,, e Lyrae 283 ... 42 N. ... Swift; bright. 

,, /9 Piscimn 345 1 N. ... Slow ; bright. 

GEOGRAPHICAL NOTES. 

. The current number of the Proceedings of the Royal Geo- 
graphical Society contains the report of his first year's work by 
Mr. Mackinder, the Reader in Geography to the University of 
Qxford, whose appointment is due to the Society. He describes 
the year as one of reconnoitre and preparation ; neyerthele-s he 
dcliveretl forty- two ordlnaiy lectures in the University, and one 
public lecture : in each of the three terms he lectured for seven 
weeks twice a week, having two coursc.s going on side hy .side 
on different days, to one of which he imparted a scientific, to 
the other an historical bias. 'I'he notices were, by permission of 
the Board of Faculties, published in the lists of two separate 
Faculties— ‘Natural Science and Modern Histot^. On the scientific 
side the lectures have been on the principles of g^eography--** a 
review of the subject not merely physical, yet taking the feature, 
and not the region, as the basis of classificition." This course 
has not been so well attended as ihe other, but Mr. Mackinder 
congratulatei bunself that he has never been wholly w ithout an 
audience, *‘a fate not altc^ther unknown just now to Oxford 
Profesgore and Readers.” On the historical side the lectures were 
on the geography of Central Europe, and the influence of physi- 
cal features on man’s movements and settlements, “ My aim is 
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to furnish general instruction to as large a number as will favour 
me with their attention ; and also to have always round me two 
or three whom we may style specialists, 1 can only ray that I 
now see a very fair prospect ot obtaining the Utter. It may be 
well to place on record my bumble opinion, that thf!, best pre- , 
liminary training for a geographical socialist is sound grounding ; 
in general science* and superadded to this nn elementary know- 
ledM of history. I have found by cx|«rience that it is exceed- 
ingly hard to give the necessary scientific knowledge to an 
historian ** — a somewhat hard saying for the historians. In the 
coming academical year the lectures will l>e on the physical 
ceography of continents, the geography of the British Isle-*, and 
the historical geography of North America. As Extension 
Lecturer* Mr, Mackinder has delivered loz lectures on geo- 
graphy and physiography at various towns throughout the 
country. 

In the August number of the ScoUisA Geographical Magazine^ 
Mr. Forbes reports on his attempts to reach the Owen Stanley 
Peak, and incidentally descril>e-’! the moving adventures by 
flood and field of his last expedition. Althou^ not successful, 
owing to more than one unexpected mishap, in reaching his 
goal, he claims that the results accomplished so far have not 
been few or inconsiderable. Large additions have been made to 
botanical and some to zoological science ; an extensive series 
of meteorological observations has been talmlated, and a tract 
of country has been mapped for the first lime. Mr. Kavenstein 
briefly describes the recent explorations in the territories of the 
African Lakes Company between Nyassa and Tanganyika. Both 
these papers are accompanied by excellent maps. Archdeacon 
Maples, of the Universities Mission to Central Africa, gives a 
detailed account of Lukoma, the principal island in Lake 
Nyassa, which, although only 4^ miles long by broad, has 
a pop,u)ation of 2500, or about 220 to the square mile, in 
consequence of its comparative freedom from war. ** Ula," or 
witchcraft, of the kin I described by Mr. Rider Ht^gard with 
such graphic force in one of his earlier works, prevails, and is a 
curse to the island. Herr Metzger contributes a most interesting 
paper on the scientific work lately done in the Dutch East Indies, 
based mainly on recent Government publications and those of 
various learned Societies in Holland and Java. 

The cunrent number of the Dent se hr GeographiscAe Blatter 
contains two papers of considerable geographical and ethno- 
logical interest. The fust, by Herr August Fitzau, is devoted to 
the little-known region of the north-west African seaboard 
between Morocco and the Senegal River. After an historical 
survey of the various attempts made to found European settle- 
ments in this region, the writer describes in detail the sections of 
the coast between Agadir and Cape Juby, and thence to Saint 
Louis. He then deals with the Western Sahara in general, and 
especially with the ethnological relations of the regions south of 
the Atlas and north of the Senegal River, arriving at the gerteral 
conclusion that, although Arabic has become the dominant 
language, the old Berber or Hamitic is still the prevailing 
ethnical element, variously modified by Semitic and Negro 
influences. In the second paper the distinguished traveller and 
ethnologist, Dr. O. Finsch, gives a sympathetic and permanently 
valuable account of the lift and work of the late Mikluho- 
Maclay, to whom anthropological science is so much indebted 
for his profound stiiclies of the Malayan, Papuan, Negrito, 
Melanesian, and Austmlian races. The memoir is very com- 
plete, including a detailed account of the naturalist's travels with 
their scientific results, his vast ethnological collections and 
the zoological stations founded by him, and concluding with 
a full descriptive catalogue, of his numerous geographical* 
anthropological, and zoological writings. 

The July number of the BolUttino of the Italian Geographical 
Society is mainly occupied with Leonardo Fea’s recent explora- 
tions in Tenasserim, The chief points visited were the curious 
“Farm Caves" iu the M mlmein district, and Mount MuUi 
(Mo:)laee) in the Dona Range. This peak, culminating point of 
Tenasserim (6500 feet), was reached and ascended to its summit 
after a journey full of difficulties and hardships, which followed 
the course of the Jeeayng-Myit and its great southern tributary, 
the Undur6, as far as Meetan in 46"^ N., 98® 30' E. From 
Meetan the route struck north to Togata and Mulai throu^ the 
hilly territory of the little-known Ayaeen Karens. Of tM® 
tritie Signor Fea ([ives an interesting account, and he was alM 
successful in securing a large zoological c*l lection, including 
450 skins of birds, over 400 mammals, many hundred reptiles, 
batraebians, and fishes, l>e8Ule8 numerous insects, spiders* 


molluski* and other small animats. These treasures go to earkh 
the valuable zoological materials already brought together 
Natural History Museum founded at Genoa by the Mafquk 
Giacomo Doria. The paper is accompanied by a map of the 
region explored, as well as by several original sketches by the 
naturalist himself. The Marquis Doria has added a useful list 
of the various memoirs that nave appeared in connection with 
Signor Fea’s geographical and biological researches in Burmah 
during the last four years. 

The most important amongst recent explorations in Indo- 
Cbina are those undertaken by the Vice-Consul for France at 
Luang Prabang* the capital of an outlying region of Siam of the 
same name, and itself situated on the Mekong. Nf. Pavie, the 
official in question, has since succeeded in reaching Tonquin from 
this place by two different routes, the most practicable apparently 
being that to the north-east along the valley of the Namseng, 
a tributary of the Mekong, and then across the mountains forming 
the watershed of the Mekong and Songkoi, or Red River of 
Tonquin, to the valley of Nam Tayor Black River, down which 
M. Pavie proceeded to Sontay and Hanoi. 

At a recent meeting of the Swedish Geographical and 
Anthropological Society, Baron H. von Schwerin gave an 
account of his late expedition to the Congo and West Africa, 
extending over a period of nearly two years, and under- 
taken at the instance of the Swedish Government. He had 

proceeded in a steamer as far up the Congo as Stanley 

Falls, and then up the Kassai, the principal tributary 
of the former. Next he had, in the company of his 
countryman, Lieut. C. Hikansson, explored the basin of the 
Inkissi, another tributary of the Congo, and from Banana made 
an excursion into the land of the Mushirongi, south of the 
rnouth of the river, a country never hitherto visited by any 
Earof>ean. After a journey to Angola and Mossamedes, on the 
west coast, a journey performed in a sailing-vessel, and ex- 
tending as far north as Cape Negro, he made an excursion into 

the lands of Kakongo and Kahinda, situated to the north of the 
mouth of the Congo, which had also hitherto been considered 
closed to Europeans. The heat on the Congo was not so 
excessive as was generally imagined. A temperature above 
35® C. was rare, but what were particularly enervating and 
exhausting were the steadiness of the high temperature and the 
total absence of cooling breezes, whether in the shade or at 
night, and, more than either, the excc sivc humidity of the air. 
He considered the climate of the Congo one of the healthiest in 
Africa. Finally, Dr. Schwerin gave an account of his discovery 
on the promontory south of the Congo River of the remains of 
the mar We pillar raised there in 1^4 by Diego Cam in com- 
memoration of the di-covery of this mighty river, and destroyed 
by the Dutch in the sixteenth century. The speaker also 
exhibited a large and valuable collection of scientific objects 
gathered in Africa. 

NO ms ON ME TEORITES, 

1 . 

Their Fall and Physical Characteristics. 

A PERUSAL of the Chinese annals — which reach back to the 
year 644 before our era, and are still models of patient 
record— or of the muen more irrwular and less complete on^s of 
the Western world, shows in the most definite manner that 
since the very conimenqement of human history, from time to 
time falls of bodies on to the earth from external space have bqen 
noticed. Biot has traced in Ma-tuan-lin the record of slxtam^ 
falls from the date before mentioned to a,d, 333. 

The earliest fall recorded in Europe, however, transcends in 
antiquity anything the Chinese can claim, dating as it doaa ftnm 
1478 ILC. It happened la Crete, but the record U mush mre 
doubtful than that of the falls in 705 and 654 noCed/ the 
first by Plutarch, and the second by Livy. . 

But in 466 B.c. occurred a fall at Aegos Potamos, in flktaoe* 
concerning which the Chronicles of (he Parian marbles, plutakjhf 
and Pliny all give us information. It was of the size of; fwo 
mill-stones, and equal in weight to a full waggon-bad-^ 
there fell in Pltrygia, in udmut the year 9 4 B.c., a stone 
through long ages, which was preserved there for many 
tloDs. It was described as "a black stone, in the ngute olf 0 
cone, circular below and endinu in an apea above^^ Jit OhMI 
worshipped by the atM»ents as Cybele, the mother of the gjW 
* Huaiboldi, *'CosttoSi'*Otltf’ 4 iMftsIadon* val,L|b soa- 
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and Hrfti transferred to Kome, ns an oracle bad announced that 
the yoasession of ii would secure continual •prosperity to the 
Slate,* ^ 

In more modem titnta we have records of various falls of these 
bodies. The following — a few out of a very great number—either 
possess a nacioaal interest or are the statements of eye-witnesses. 

In England there fell a stone in the afternoon of December 
^ 3 i * 795 - ^ labourer happened to be working near Wold 

Cottag^t Thwing, Yorkshire, when this stone fell within a few 
yards of him. On digging the stone out of the ground it was 
found to have penetrated a foot of Soil and half a foot of chalk rock, 
and to weigh 56 pounds. The inhabitants of the neighbouring 
villages likened tne explosion to the firing of guns at sea. while 1 
in two of them the sounds were so distinct of something rushing 
through the air towards Wold Cottage that some of the people 
went to see If anything extraordinary had hapj>ened. 

The next account is- from Ireland. It is the narrative of an 
eye-witness of a fall of meteorites in the county of Limerick. 

“Friday morning, the loth of September, 1813, being very 
calm and serene, and the sky clear, about 9 o'clock, a cloud appeared 
in the ca^it. and very soon after I heard eleven distinct reports 
appearing to proceed thence, somewhat resembling the discharge 
of heavy artillery. Immediately after this followed a considerable 
noise not unlike the beating of a large drum, which was suc- 
ceeded by rm uproar rer.embling the continued discharge of 
musketry in line. The sky alwvtt the place whence this noise 
appeared to issue became darkened and very much disturbed, 
making a hissing noise, umcI from thence appeared to issue with 
great violence different masses of matter, which directed their 
course with great velocity in a horizontal direction towards the 
west. One of these was observed to descend ; it fell to the 
earth, and sank into it more than a foot and a half» on the lands 
of Scagh, in the neighbourhood of Patrick's Well, in the county 
of Limerick. It was immediately dug up, and I have been 
Informed by those that were present, and on whom 1 could rely, 
that it was then warm and had a sulphurous smell. It weighed 
about 17 pounds, and had no appearance of having been fractured 
m any part, for the whole of its surface was uniformly smooth and 
black, as if affected by sulphur or gunpowder. Six or seven 
more of the same kind of masses, but smaller, and fractured, as if 
shattered from each other or from larger ones, descended at the 
same time with great velocity in different places between the 
lands of ScAgh and the village of A dare. One more very large 

mass passed with great rapidity and considerable noise at a small 
distance from me ; it came to the ground on the lands of Braaky, 
and penetrated n very hard and diy earth about 8 feet. This 
was not taken up for two days ; it appeared to be fractured in 
many places, and weighed about 65 pounds ! It^ shape was rather 
round, but irregular. It cannot be ascertained whether the 
small fragments which came down at the same time corresponded 
with the fractures of this large stone in shape or number, but the 
unfracLured part of the surface has the same appearance as the 
one first mentioned. There fell also at the same time, on the 
lands of Faha, another stone, which does not appear to have 
been part of or separated from any other mass ; its skin is 
smooth and blackish, of the same apijcarancc with the first men- 
tioned ,* it weighed ab^ut 74 pounds ; its shape was very irregular, 
for its volume was very heavy. . , . . . It was nl)oui three 
miles in a direct line from the lands of Brasky, where the very 
lame stone descended, to the place where the small ones fell in , 
AcUre, and all the others fell intermediately ; but they appeared 
to deseend horizontally, and as if discharged from a bomb and 
scattererl in the air,” 

The fall of the meteorite of 18S5, near Mazapil, in Mexico, 
was thus described by an eye- witness vouched for by Prof. 
Bonilla:—* 

“ It was about nine in the evening when I went to the corral 
to feed certain horses, when suddenly 1 heard a loud hissing 
noise, exactly as though something red hot was being plunged 
into cold water, and almost instantly there followed a somewhat 
loud thud. At once the corral was covered with a phos- 
phorescent li^hi and suspended in the air were smalt luminous 
sparks as though from a rocket. I had not recovered from my | 
suvpHse when 1 saw this luminous oar disappear, and there re- { 
mined on the ground only such a light as is made when a matcli 
it A number of people from the neighUottring houses 

* British Mtinom IniroductTon to th« Study of Meteorifes, p, if, 

* Quoted by Ma kSlyav, "Lecture Notes on Urtcorites," Natumx, 127$, 

I XXXV. p. 57*. 


came running toward me, and they assisted me to quiet the hones,, 
which had become very much excited. We all asked each other 
what could he the matter, and we were afraid to walk in the 
corral for fear of getting burned. When, in a few moments, we 
had recovered from our surprise, we saw the phosphorescent li jht 
disappear, little by little, and when we had hrought ligbU to look 
for the cause, we found a hole in the ground and in it a ball of 
fire. We retired to a dititance, fearing it would explode and 
harm us. Looking up to the sky we saw from time to time 
exhalations orstars»' wnich soon went out, but without noise. We 
returned after a little, and found in the hole a hot Mone, which 
we could barely handle, which on the next day we saw looked 
like a piece of iron ; all night it rained stars, but we saw none 
fall to the ground, as they seemed to be extinguished while still 
very high up,” 

The next record of the phenomena attending a fall in the 
United States (though the observer quoted did nit actually see 
the fall) is taken from a lecture by Prof, Newton : — ’ 

“ ^ The observers,' he says, * who stood near to the line of the 
meteor's flight, were quite overcome with fear, as it seemed to 
come down upon them with a rapid increase of size and brilliancy, 
many of them wishing for a place of safety, but not having the 
time to seek one. In this fright the ani Jials took a part, horses 
shying, rearing, and plunging to get away, and dogs retreating 
and barking with signs of fear. The meteor gave out sever^ 
marked flo&es in its course, one more noticeable than the rest. 

. . . Thin clouds of smoke a ltd vapour followed in the track of 
the meteor. . . , From one and a half to two minutes after the 
dazzling, terrifying, and swiftly moving mass of light had ex- 
tinguished itself in five sharp flashes, five quickly recurring 
reports were heard. The volume of sound was so great that the 
reverberations seemed to shake the earth to its foundations ; 
buildings quaked and rattled, and the furnitvire that they con- 
tained jarred about as if shaken hy an earthquake ; in fact, many 
believed that an earthquake wa« in progress. Quickly succeed- 
ing, and blended with the explosions, came hulloW heliowings 
and rattling sounds, mingled wiib clang, and clash, and roar, that 
rolled away southward, as if a tornado of fearful power was 
retreating uixjn the meteor's path.' 

“ About 800 pounds of stones, nearly zoo in number, have been 
picked up in a region seven miles by four, a little east of the end 
of the meteor's path, which without any doubt c.ime from the 
meteor. Some were picked up on the surface of the frozen ground. 
One was found on tne top of a snow-l>ank, and about 40 feet 
away were marks of a place where it had first struck the ground. 
Some were ploughed up in the spring, 'fhe two largest founiL 
of 74 pounds and 48 pounds, fell by the roadside, and a law- 
suit? to 'wttic whether they were the property of the finder as 
being wild game, or of the owner of the lanils adjacent as 
being real estate, was decided in favour of the owner of the 
land.” 

In some cases of observed falls the rale of movement of the 
meteorite through the air has been determined, or concomitant 
circumstances have enabled it to be roughly estimated. 

The velocities have been widely different. Before they are 
stated, s me terms of comparison may be given : — 


Metres per Mihn an 

second hour. 

Railway trains 27 nearly ... 60 

Flight of swallow 301040 ... 671092 

ProjeclUes 300 to 400 ... 670 to 920 

Sound 335 J nearly ... 75° 


Mercury 

Venus 

Earth 

Mars 


Movement 

in 

Orbit 


48.900 

36,780 

30,430 

24,650 


109,358 
83 162 
6^,052 
55 , * 35 ‘5 


The bighe^it velocity of flight through the air has been that of 
the Stannem meteorites, 45 miles a second. The lower part of 
the flight of the Iowa meteorite was performed at 12 miles a 
second. 

In only a few cases have the velocities been observed to be 
very great « the earth 'x surface, the retarding effect of the 

ra e through ihe atmosphere being considerable. Some have 
themselves dee)ily in the ground, ami one (New Concord) 
broke a raUway^sleeper. Several meteoriies have fallen so 
rapidly that ihe toand of the explosion foihtved them. But 
generally the rate is to slow that they are not broken on striking 


‘ Tha aietSor fell daring a »tar-*hower. 
“ NatukS, voI. xix. p. 315. 
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iHe ftarface, and some that feU at Heasle on ice only rebounded 
without cracking it. 

These bodies, when they fall under such conditions that they 
can he picked up and examined, are called meteorites. Tlie 
hrst thing that strikes one when looking for the nrst time at 
these meteorites, is that their general form has the character of 
being cBsentially (ragmentary, indicating that what we see is the 
.result of a fracture. 

The next point observed is that there is a very great 
tUfference between the interior and exterior appearances of 
these bodies. That this is caused by the heat and friction to 
which the exterior surface is exposed is proved by what was 
noticed in the case of a meteorite that fell at Butsura in iS6i. 
Fragments of this stone were picked nn three or four nii!es 
apart, and, with the exception of one corner, the original 
meteorite has tieen built up again by piecing the frngments 
together. I he faces fit perfectly. Important piecc-s of this 
meteorite are in the British Museum, and these are all coated 
with the cm t to which reference has been made. But, on 
the other hand, another of these fragments noi coaU'ti fits 
smother also not coated. Honce, to quote Prof. Ma«kelync, 

We can assert that this aerolite acnuiicd, after oomin^.; into 


our atmosphere, a scoriated and blackened surface or hH[b|ptta- 
tion. The first explosion drove the fragrtnertu firat to 

asunder, and these became at once inerW^ on their imkm 
surfaces ; but OtTierf^ Which were separated aft^rvrArds, 
on the last of ^he three exp!'o*ii. ns, had not wtIficieHt Veloeky 
left [the heat being at the same time reduced] to cause ihefr 
incrustation in the same manner as wiU the ense wfth the 
fragments previously severed." ^ 

The Buppoaition’ is that the temperature is practicatly high 
enough to melt , the meteorite, and that its svtrface as we 
see it after it has fallen does not in^ all cases represent the 
surface exposed to the air during the Whole of the flight, but 
that it represents the last surface. The mcteorhe may have 
been twi'nty times bigger, but the rest may have been meiWl off 
like tallow would be, so that finally there is very little visible 
effect towards the interior, ns the melting is more rapid than 
the conduction. The thinness of the .so called varnish, then, is 
caused by the nir-molecules carrying away the re-ults of fusion 
as fast as the heat i>eneifates towards the interior, so leaving 
ot.ty, as a rule, a very thin film behind. 

This crust is usually dull, but sometimes, ns in the Stnnnern 
met'.'oiiie, bright .anti shining, like .a coating of black varnish. 



Fin. I.— Mttinpd Meteoric Iron (}^ natural s’ re), showing tHuinb-markii. 


"Sorby,' cn examining with a miciwcoiv? n thin section of a 
rneteoritc, cut jxerpendicular to the crust, found that it is a true 
'black glass filled wiih small bubbles, and that the contrast 
between it and the main mass of the meteorite is complete as 
possible, the junction between them being sh.arply defined, except 
when portions have been injected a short distance between the 
-crystals Ho writes ; - ** We thus have a most complete proof of the 
•conclusion th.nt the black cru-t was due to the true Igneous fusion 
of the surface under conditions which had little or no influence at 
a greater depth than i/ioo of an inch. In the case of meteorites 
•of different chemicil composition, the black crust has not re- 
tained a t'ue glassy character, and is sometimes 1/50 of an 
inch in thickness, consisting of two very distinct layers, the 
internal showing particles of iron Which have beefi neither melted 
nor cxxidiitfd, and the external showing that they have been 
•oxidired nnd the oxide melted up with the svrrounding stony 
matter. Inking everything into consideration, the wicrosc epical 
:«tructure of the crust agrees nerfectly well with the explanation 
usually adopted, but rejecterl by some authors, that it was formed 
by the fusion of the external surface, nnd was due to the very 

* "On the Structure and Origin of Meteoritei,” Naturk, vol. xv. p.495. 


rapid heating which takes place when a body moving with 
planetary velocity rushes imo the earth’s atmosphere— a heiUiog 
so rapid that the surface is melted before the heat has timp to 
penetrate beyond a very short distance into the interior of 
the mass," 

In some cases close under the crust is found mixture of tha 
minerals troilite, asmartite, and hronzite, of an unaltered light - 
brown colour, although they turn deep black when raised to a 
temperature slightly above that at which lead raeltf.® 

1’he crust or varnish of the meteorite in many cases coatnins 
numerous furrows and ridges, so that it is not equally thick. 
This effect is caused, as it is supposed, hy its motion throuj^h 
the air in a fixed position, the forward part of the meteorite, in 
regard to its line of motion, being most liquefied^ and tbe-H^^id 
flowing unequally towards »)ie hinder part, 

A veiy apecial study the results of (he panum thmwgh ^ho 
wr i ; a de«deTatum, Thus, In the. ease of the irplii 

which fell from a cloudless sky (and which therefore Whh a 
low velocity ?), the outer surface U elaborately retlculaMi edges 
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of tbit) lambtie of moUi Inclined «t angles of 6o^ traversing it. 
Hence 00 Aision of the superfioiftl la^er took place, ^ 

Aootlier peculiafky pf tne surface is that it is generally covered 
With depiteions called thumb-marks,” as they have been 
likened to the impassions that one makes ivhen pressing some 
sneb substance as putty with on^’s fingers. The cause of these 
thumb-marks is unknown, but they have been found to bear a 
close resemblance to marks which have l>een noticed on grains 
of-gunpowder blown out on firing large guns. 

A possible cause of these pittings is thus suggested by Prof. 
Maslwlyne The aerolite comes into our atmosphere from 
legions in which the temperature — *the cold of space* — may 
range as low as 140" C/helow zero ; and though the mass, from 
the ul)sorption of ftolar heat, would possess a temperature much 
above this, it would nevertheless be intensely cold, and conse- 
quently more brittle than at ordinary temperatures ; and hence, 
on iU entering our atmosphere, the heat it instantaneously ac- 
quires on its outer portion expands this, and tends to tear it 
away, so as to dissever the exterior from the interior, which 
continues to lx* relatively contracted by the intensity of the cold 
which the aerolite brings with it from space. The consequence 
is, first, that little bits of the stone spring out all over it, leaving 
those cuiious little holes or pit-ninrks which arc characteristic of 
a meteorite ; and every now and then, as the heat penetrates, 
larger masses split away, of which inLe> eating evidence is afforded 
by the meteorite, fiir instance, that fell at Butsura on May 12, 
l86i.” 

On this it may be remarked that the pit tings are common to 
irons and stones, while the above explanation only applies to 
Slones. 

It is not a little worthy of notice that the pitting does not 
always appear on all the surfaces. In the case of a iticieorite 
which fell in Kentucky in 1877, one portion of it is very extensively 
and regularly pitted, while the rest is comparatively smooth. 
The crust is dull black, and is as perfect as when the btonc 
fell. There was a fresh broken spot of two or three square 
centimetres, which was evidently made prior to the fall, for a 
few small specks of the nielted matter adhered to the .surface, '■* 

These meteorites, w hicli w'c can thus examine, are in all prob- 
ability, for the most pait, remnants of larger bodies which had 
enough substance in them to stand the wear and tear of gelling 
through our atmosphere. 

The fragments picked up even fi'om the most extensive 
falls have appeared to those who have witnessed or who have 
subsequently studied the phenomena lobe out of all proportion 
small to the violence and magnitude of the explosive and 
luminous effects observed. 

The origin of the concomitant phenomena so universally 
recorded is not far to seek. 

Supposing a meteorite passing towards the earth through the 
atmosphere, what sort of effects are we to expect to find? It 
passes, as we have already seen, very rapidly into the earth’s 
atmosphere, which consists of molecules with a certain mean 
free path, and the tempeiature and pressure of which depend 
upon the encounters between these molecules. 

When we come to consider the general velocity of movement 
of these molecules, we find that the big molecule, the meteorite, 
is travelling towards the earth about fifty times faster, 'fhe 
result is that there is a tremendous crowding of air. so to speak, 
in front of the meteorite, a tremendous pressure and therefore a 
tremendous temperature brought about by its passage, 'rhere i.s 
a partial vacuum behind which subsequently has to be filled up 
by the transit of the molecules round the meteorite itself from 
the front j)art to the back. 

We have theicforc conditions for producing most violent 
action upen the meteorite, both by pressure and temperature ; 
it may be crushed by the pressure to which it is subjected, it may 
be by the heat produced by the circulation of the mole- 

cules rtishhig fiast it. We may therefore heve violent incan- 
descence and explosion, and as we have the airpiolecules rushing 
violently fron front to rqar we shall have almost qhc nokc 

a thunderstorm added to the sudden lumbosUy resembling 

^The^^icrvcrs of actual falls have heard other special noises, 
due, nan to the explosion itself, but to the rapW passage of the 
numprlies throng the air, /rom the V ping of a. rlffe bullet to 
the htkn of a locomotive, , sounds ifirhich pave been likened to the 

of the lowing of cattle^ thft of wings. 

Wtt ci)n belt study iha/ diffete^fes.dn the structure of 
mttMtes by prepaHug n ^^on. In some cases this 

^ jrtlght, !fS J08, • /Mf. p. 200. 


has a distinctly metallic look. We find, in fact, a metallic frag- 
ment compoaed almost entirely of iron, but with a certain amount 
of nickel. 

The niclfel in the iron meteorites causes them to have a w hitish 
appearance, and it is in this way that they have been mistaken 
for silver when found, the nickel preventing the outer surfaces 
from rusting as is the case with an ordinary iron. 

By taking a polished section, and exposing it to the action 
of an acid or bromine, we obtain what have been called the 
“figures of WidmaDsiattcii.” Tlrese figures , are more oc less 
complicated, and remarkable for their extreme regularity. They 
are nue to the inequality of the action of the acid on the various 
consliiu .Its of the polished surface ; these being various alloys of 
iron and nickel. 

Tn other specimens the characteristic U that the metal, 
instead of being continuous as in those previously referred to, 
appears to have existed once as a spongy paste, and to have 
included fragmeivs of stony matter, so that in the section, in- 
stead of getting the pure metallic lustie all along, we only get 
it here and there. We pass fiom metal to metal stone. - , 

Jn yet other specimens we get another generic case repre- 
senteef in which the stone is the main point and the metal the 
exception, the metal a|mearing as excessively .small granules ; so 
that ill the final term of the series we come to almost pure stone 
with no iron to speak of. 

In ’-he case of the stones, not only docs the meteorite itself 
give the idea of a fragment, as in the case of the irons, but the 
internal structure of many of them sliows that the whole 
meteorite is composed of fragments, giving the characierisiics of 
a brecciaied rock made up of pieces cemented together. 




Fic j.— ‘Stcuon of Mazapil Meteoric Iron (natural mm). shottinR 
figures. 

Further, these constituent particles, ns pointed out by Smby, 
arc often themselves mere fragmems, although the eniiic V>ody 
before being broken may originally have been only one fonicth 
or onc-fiflieih of an inch in diameter. 

On examining thin sections of stony meteorites by means of 
polarized light, they are found to be ciystallued throughout, the 
interference lints colouring the dificreru crystals of which the 
sections are composed, thus showing the crystalline cli.Tiucter of 
the whole. Tlic stony part of both sideroliies and acioiiies is 
almost entirely crystalline, and presents a ]>eouliar “ch ndiiiic” 
structure, which make meteorites differ from oidinaiy terrestrial 
rocks; the loose giaias in these ate foujid to lx‘ inoie or less 
aggregated in liith: spheiules, and of similar mincial to those 
which inclose them. 

These spherules, or chondroi— their sizes vaiying ytry con- 
siderably, some of which can be seen only under a micioscope, 
while otbers arc as large as a cherry — aie found embedded in a 
matrix, made up, as it appears, of niiuuic spliutcri> such as 
would result from the disintegratiun of other chondrui. 

While the chondroi in terrestrial rocks such as perlite, 
obsidian, pitch&lone, and in many dioriies, arc radiate nbrous, 
Ihoee occurring in meteorites we but rarely so, and the arrange- 
ment of the fibres within the aphenjle is eccentric. Whde the 
meteoritic chondroi als.t consist of the same ingredients as the 
matrix, and often differ from it only in being more coarsely 
granular, the chondroi of vtcrres.rml rocks are difierenily 
constituted from the matrix.’ 

The weight of meteorites varies very considerably, ranging 
from tons to very small specimens. It not only depends on ineir 
volume but on ineir chemical comj>o»ition, as soj.e of the stony 
oneshavea low density while others ere nearly pure metal. 

The largest meteoruoa of which mention is made are those 
' /#///. p. 141. 





428 


NATtrR£ 


30, 


of Ottitnpfl (province of Tucuman, Sooth America)) an iron 
we^hing thirty tons ; of Durango (Mexico), nineteen tons ; 
and of Cranboume, Australia (now in the BriiUh Museum), 
which weighs over three tons. 

The N^ed iron, the largest which has been seen tp fall, 
weighs nearly 230 pounds. 

Considering the very. considerable number of falls which have 
taken place, uie number of irons which have been se£H to fall is 
remarkably small. They are as follows t— 

. Agram. 1751. 

Tennessee, 1835. 

Braunau, 1847. 

Victoria West (South Africa) 1862. 

Nejcd, 1863. 

Nidigullam (Madras) 1870. 

Rowton, Shropshire, 1876. 

Mazapil, 18S5. 

Cabin Creek, 1886. 

The following Cable contains a list of some of the larger 
meteorites, besides those mentioned above, which have been found 
from time to time, with the locality of their fall and their weights 
in grammes (1000 grammes = 2'2 pound<( avoirdupois (neariy), 
and 1,018,181 grammes (nearly] c= i ton) ; — 

Sidivites^" Weight in grammes. 

Bahia, Brazil 6,350,000 

Charcas, Mexico 780,000 

Tucumon, Argentine Republic, South America 637,000 

The Butcher Iron, Desert of Bolson de Mapimi, 

Mexico 253,632 

Toluca Valley, Mexico 91,007 

Cocke County (Cosby's Creek), Tennessee, 

U.S.A*!;, 52,325 

Rancho de||(.iPila, nine leagues east of Durango, 

Mexico 46,512 

Obornkirchort, near BUckeburg, Germany ... 35,366 

Carthage, Smith County, Tennessee, U.S.A. 24, 57 ° 

S idei'olUes^ 

Itnilac, Desert of Alacama, South America 227,328 

Esthervltle, Emmet County, Iowa, U.S.A, ... 116,487 

Airolites-—^ 

Wold Cottage, Thwing, Yorkshire 20, in 

Pultusk, PoUtid 18,007 

Butsura (Qutahar Bazaar), Bengal, India ... 13,071 

Knyahinya, near Nagy Berezna, Hungary ... *3»053 

Durala, N.W. of Kurnal, Punjab, India ... 12,588 

Dhurmsala, Kangra, Punjab, India 12,407 

Nellore (Yatoor), Madras, India 11,287 

Classification of MeUontes, . 

Meteorites have been arranged into three classes : first, masses 
of iron alloyed with nickel, which have been called by 
Maskelyne, aero-siderites (rtrr, air, and sideyos^ iron) or briefly 
siderites ; secondly, those which are almost wholly composed of 
stone, and called aerolites {acr^ air, and lithos^ stone) ; and, 
thirdly, those which are composed of stone and iron in more or 
less equal quantities, consisting of a spongy mass of iron inter- 
laced with stony matter like that of the aerolites, and called 
siderolites or meso-siderites. 

M, Daubree's general classification of meteorites is as follows : — 
f Not contain- j 


I Containing 
^ metallic iron 


ing stony 
matter 


Hoiosidircs 


Containing 
iron with 
stony matter 


I The iron con- 
j stituting a 
i matrix which 
encases stony 
I grains 

The iron 
existing in the 
form of grains 
among stony 
matter 


Syssidires 


Sporado- 

sideres 


I Not contain- 
ing metallic ^ A^dkes 

iron 

This brings us to consider the cheminry of these messengers 
from the celestial spaces. J. Norman LocKYkbu 

{To be eofttiMued.) 


IHE GJJiSGOW AND WEST O!^ SCOTLAttD 
TECHNICAL COLLECE. 

A T the present time, when so much is Wingjiaid and done in ' 
^ connection aiih technical education, and so many new 
institutions are being founded, it may interest the reai^rs of 
Nature to learn how some old ones have been reofgaoUed to 
enable them more adequately to meet the r^uiremenU of the 
times. The Glasgow and West of Scotland Technical College 
was founded by an Order of the Queen in Council, dated 
November 26, 1886, according to a scheme framed by the 
Comroissicners appointed under the provisions of the Educational 
Endowments (Scotland) Act, 1882, whereby Anderson's College, 
the Young Chair of Technical Chemistry in connection with 
Anderson’s College, the College of Science and Arts, Allan 
Glen's Institution, and the Atkinson Institution, were placed 
under the management of one governing body. A considerable 
amounc of intetesi i$ attached to the histories of these institu- 
tions, of which a few of the chief dales may be mentioned. 

Anderion’s College was founded by John Anderson, M.A., 
F.U.S., Professor of Natural Philosophy in the University of 
Glasgow, who, by his will, dated May 7, 1795, bequeathed the 
whole of his property, with a few trifling exceptions, **to the 
public for the good of mankind and the improvement of science, 
in an institution to be denominated ‘ Anderson’s University,’ 
and to be managed by eighty-one trustees,” The endowment 
included a general museum, library, and valuable philosophical 
apparatus: and the intention of the founder was to provide a 
complete circle of liberal and scientific education suitaole for all 
classes, and adapted to the wants and circumstances of the 
period, but the design was never fully carried out. The 
Andersonian institution or University was incorporated on 
June 9, 1796, and it has numbered among its Professors some 
distinguished men. Of these may be named Dr. Gamett, Dr. 
George H irk beck, Dr. Andrew Ure, and Thomas Graham, who 
afterwards became Master of the Mint. The Medical School 
attained considerable importance, attracting students from all 
parts of the countiy, and sending forth a number of medical 
practitioners—many of whom have attained to eminence, and a 
few to great distinction, in their profession. On the foundation 
of the Glasgow and West of Scotland Technical College, the 
Medical School of Anderson's College was placed under a 
separate governing body, and provision is being made for its 
removal to other tuiildings. 

In the year 1870, Dr. James Young, of Kelly and Durris, 
settled in trust the sum of 410,500 for the purpose of establibh*- 
ing a Chair of Technical Chemistry, to be called “ The Young 
Chair of Technical Chemistry in connection with Andersonx 
University,” and -on the orc^nization of the Gla*‘gow and West 
of Scotland Technical College, Dr, Young’s testamentary 
trustees conveyed to the governors of the Ccdlege the Ypung 
Laboratory Buildings, situated in John Street, (iiasgow. Various 
other endo**mcnt8 were given at different times to Anderson's 
University. In 1861, Mr. John Freeland, residing at Nice, 
mortified the sum of 7500 to secure the delivery, annually or 
periodically, of ‘‘separate courses of popular lectures on the 
three fidlowing auiijects, or any one of them, namely (i) 
Chemistry; (2) Mechanical and Experimental Physics ; and (3) 
Anatomy and Physiology, "and in 1871 he made a further gift of 
;f50oo to the University. In 1866, Mr. William Euing, 
insurance broker in Glasgow, settled in trust the sum of £^000 
for the purpose of securing the delivery of courses of popular 
lectures in Anderson's University upon the history and theory 
of music, and upon the lives of eminent musicians ; and also 
upon such branches of acoustics as may be connected with and 
illustrate the science and practice of music. By his will he 
beemeathed his whole musical library to the University, alorig 
with ;fiooo for the purpose of building a fire-proof room far its 
accommodation, besides the sum of £200 to print a catalogue. 
Mr. Euing also left the Univeisity the sum of ;^^6oci0 for 
general purposes; and ,^150, the interest of which is to he 
applied in providing prizes in connection With the Lectnresb^ 
on Music institnied by hikn* Iff l8y6, through the Ubmllty of 
a few friends, a Chair of A) plied Mechanics, with a ^uitabltt 
endowment, was founded. 

The College of Science and Arts was the direct successor of 
the Mechanics' In titutlon, which owed its origin to the 
lectures begun in 1800 Dr. Birkbeck In Aodemem’t Vnl* 
versiiy, and coitdnoed l^:his successor. In tSaj a nuttibiff Of 
students attending the e mechankas^ dasses resolved to 
their conneotipn with Anderson's University, and 
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forp^d the GiAigow Mechaoicfl' Institution, of which Dr. 
Bi^beeic ibeoame tH« frm President. He else became President 
of the Mechanics' Institution in London, which was opened in 
November 1833, on the same plan as that of Glasgow, after 
wfticli the system mpidly extended over the Kingdom. In 
1879 the Institution was reorganteed, and two years later the 
oaine was changed to ** College of Science and Arts, Glasgow," 
h'om which time the commercial classes were discontinued, and 
the College classes entirely devoted to the teaching of science 
and its applications, more especially to engineering. 

Allan Glen’s Institution was founded under the will of Allan 
CUen, wright in Glasgow, dated 1847-48, and was intended to 
afford gratuitous education to about 6fty boys, sons of tradesmen 
or persons in the industrial classes of society. In 1876 the 
Institution was reorganized, and it became a high* class secondary 
school for boys who are intended for industrial and mercantile 
pursuits. The trustees dtted up a laboratory, lecture*room, 
apparatus*room, and workshops in the school, which soon 
became well known for the good secondary technical instruction 
which it afforded. 

The Atkinson Institution never really bod an active existence, 
and the interest of the money which was lefl by Thomas 
Atkinson, bookseller and stationer in Glasgow, is now to be 
used in providing bursaries for the students attending the Glasgow 
and West of Scotland Technical College. 

Prevision is made under the scheme for the further endowment 
of the College by annual subsidies out of the funds of the 
Glasgow City Educational Epdowt^enls Board and the Hutche- 
son’s Educational Trust. The«e subsidies are 6xed in the 
special schemes fur these Boards at not less than ;^8oo and 
4 1400 respect! vely. 

By the scheme drawn out by the Educational Endowments 
(Scotland) Commisi.ioners, the institutions above referred to 
have been amaJ^»amated and placed tinder the management of 
one governing body, which has been selected from among the 
representatives of the old institutions and from various public 
bodies in Glasgow. The problem which the governing body 
had to solve was to arrange a number of hitherto competing 
and to a certain extent opposing institutions into something like 
a homogeneous unity, ot course under the circumstances it is 
not to bt expected that a perfi^ct scheme can at once be evolved, 
but on the whole it will be found that a fairly good arrangement 
has been made. Allan Glen’s School is being extended, and is 
intended to be a secondary technical school for boys to sixteen 
years of age ; while Anderson’s College, the Young Chair, and 
th« College of Science and Arts form the College proper. 
For entrance to this, students under sixteen years and ail those 
who intend to go in for any of the diploma courecs are required 
to pass an examination, but this is not so difficult as to exclude 
those who are likely to benefit by the work of the College 

te . The diploma of the College will be awarded in the 
log (Jepartments of study t (i) Civil Engineering; (2) 
Mechanical Engineering ; (3) Naval Architecture ; (4) Electrical 
Engineering ; (5) Architecture ; (6) Chemical Engineering ; (7) 
Metallurgy ; (8) Mining Engineering ; (9) Agriculture. Each 
courae extends, over three years, the subjects of instruction in 
the 8rst year being common to all, while in the second and 
third years the subjects are arranged to suit the special depart- 
ments selected by the students. There are three sets of 
examinations for the diploma; (i) at the end of the first 
session, in the scientific subjects of the first year’s course ; (2) 
at the end of the second session, in the modern language and 
the general subject selected by the student ; (3) at the end of 
the uiird session, in the main subject of the department selected 
by the candidate. This examination will be portly by written 
papers and partly oral, and will be of such a nature as not only 
to te8t the candidate's knowledge of the main subject, but also 
of the various subsidiary subjects included in the course. When 
the subject admits of it, laboratory work will form an essential 
pdrt of the examination, Lastly, each candidate will be required 
to work out a design, with specifications and estimates, from 
data which will be supplied. Such examinations should tost a 
student's real knowledge of s sul^ct, and hts power of applica- 
tion to the solution ot the probfetns Which arise in every-day 
life* 

The evening classes of the ColWe eve ooiulucted chiefly ac- 
to the arrangements of the Soiente anil Art Deuoytment, 
and Of ihe City and Guilds of London InstHulion, and they are 
ervanged in the foUowin * courses i (1) Mechanical Engineering ; 
(f) Nivai Atd'.Leoture ; (3) Eleetri^ EeghiMrtng ; H) Arew* 


lecture j (5) Building Construction ; (6) Mining ; (7) Metallurgy ; 
(8j Agrioulcure t (9} Chemical Industries; (lO) Textile In- 
dustries ; (tl) Art Industries ; (12) Comiherce. In each of 
these departments there arc two grades of certificates, senipr 
and junior, the latter being within the reach of all apprentices. 
Students who have obtained the senior certificate for the evening 
da ses may obtain the diploma for the day curriculum by attend 
ing the third year's course in the corresponding department of 
the curriculum and passing the necessary examinations. In 
connection with both xhe day and evening classes of the College, 
there are a considerable number of scholarships and bursaries ; 
and in addition the governors have power to remit in whole or 
in part the fees of artisans and others who arc desirous of 
attending the day classes, and require aid for obtaining the 
education therein provided. In order to encourage systematic 
study this privilege will only be afforded to students who have 
obtained tne senior certificate of the College. Arrangements 
are thus made which should enable all really deserving students 
to pass from the lowest evening class to the highest classes at 
the College, or the University ; for the students who obtain 
bursaries will have the option of going to the University or 
of remaining at the Technical College. 

Allan Glen’s School is being considerably enlarged, and 
new class-rooms, drawing-offices, and workshops are being 
added, and the curriculum of the school has been re-written 
to suit these enlargements. The elementary department is 
being gradually curtailed, and will ultimately be dropped, so 
ns to allow of the whole space being available for the secondary 
department. In this department there are five classes, in the first 
three of which are given the elements of a good general edu- 
cation, with the scientific side more fully developed than is the 
case in ordinary schools. In the fourth and fifih classes the 
work is of a more special nature, and in the last year the 
attention of the students is directi^ either to mechanical and 
electrical engineering or to chemistry. By the lime they 
have completed the course, they ought thus to be in a jmsition 
to enter on their apprenticeship in the workshops with advantage 
to themselves, as well as to their employers. 

During the past year the number of students who attended 
the day classes of the College was 168, and the evening classes 
1771, and the number of scholars in Allan Glen’s School wta 
439, or a total of 2378, which shows that technical education 
is being taken advantage of to a considerable extent in Glasgow. 
One good feature in the arrangement of the College is that 
advantage is taken of other institutions in so far as their classes 
can be utilized for the difterent curricula. For Instance, in the 
day classes the University, and in the evening classes the 
Athenasum and School of Art and Haldane Academy, make up 
some of the deficiencies of the Technical College. The re- 
sources of each institution are thus fully utilized, and there is no 
unneces.-ary waste of energy or money in maintaining duplicate 
classes. Henry Dyer. 


UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

Department of Sciknxk and Art.— The following is the 
list of candidates successful in the competition for the Whitworth 
Scholarships and Exhibitions, 1888 ; — i. Scholarships, tenable for 
three years 125 ayeareach) ; Jas. Whitaker, 22, student. Nelson, 
Lancashire ; James Mair, 22, engineer, Glasgow ; C. Humphrey 
Gilbert, 22, engineer student, Nottingham ; John C alder, 21, 
mechanical engineer, Gla^ow. 2. Exhibitions, tenable for one 
year (;f 100 ea 5 i) : Harry Samfotd, 22, engineering student, Old- 
ham ; John Harhottle, 21, draughtsman, Newcastle-on-Tyne; John 
Taylor, 21, en|riaeer, Glasgow ; John Dalglish, 24, mechanical 
draughtsman, raisley ; Archibald S. Younger, 23, engineer 
student, North Shields ; Joseph Butterworth, 22, engineer, 
Rochdale ; Geoi^e A. Burls, 2z, mechanical draughtsman, 
Greenwich ; Charl^ H. Kilby, 20, engineer apprentice, Crewe ; 
Charles K. Finder, 2Z, eiwineer student, Bristol ; Kol)ert Dumas, 
22, engineer, Glasgow ; Charles L, £. Heath, 21, fitter appren- 
tice, Devon^rt ; Chariet Forbes, at, engine fitter apprentice, 
Gla^ow ; Benjamin Young, 23, dectrical engineer apprentice, 
htldii ; Edward Y. Terry, 23, engine fitter, Devonport j 
William J. ^Cdiins, 23, draughtsman, Woolwich ; John H. B. 
Jenkins, 21, OMisUmt analytical chemist, New Swindon ; John 
1 . Fraser, 24, apprentice engineer, Glasgow ; Henry E. Cheshire, 
24, fitter, Crewe; Oacar Brown, 23, pattern maker, Plumstead ; 
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"Henry HUiott, 25, mechanicnl engineer, Glaigciw; (j^Metch) Jas. 
H. fAnfieid, 23^ engineer stutletH, Preston ; George 0 , Wheeler^ 
OKkgtneer Apprentice, X^don; WUllam Day, 23, fitter, 
Wolwton ; ftninuel Ijca, 25, turner, Grevre; Ev^ti Patr}^, 22, 
engineer 4tud«ntt Bwgor { Thomas O. Mein, 23^' engineer, 
Stratford, K/; Benjamin Conner, 23, apprentiod engineer, 
Glaa^w ; Thoam J . Bourne, 23, marine engineer, INanbridge 
WelU ; George Kjavonscroft, 25, fitter. Crewe ; 'ntomfls r. 
Parkinion, 22. engineer student, Bury, Lancashire. 

The following is the list of succcssfitl vandidales for Poyal 
K^hil>ittons, National Scholarships, and Free Studentships, 
18S8 r^National Scholarships : John B. Coppock^ 23, student, 
Nottingham ; James G. Lawn, 20, mining surveyor, Barrow* in- 
Furness ; Herbert Grime, 19, teacher, Manchester ; Alfrexl 
Stansfield, 17, student, Brad ford ; John Knstice, 24, engine 
fitter, Camborne ; Kdwin Wilson, 19, student, Bradford ; 
Lionel M. Jones, 18, student, Llanelly; Joseph Jcfierson^ 2o, 
stvidjent, Bradford ; Henry J'* Bolton, 15, student, Newcostle- 
on-Tyne ; Ben. Howe, 18, student, Manchester ; John Yates, 

20, draughtsman, Manchester; Harry Cavendish, 17, student, 
Manche-(ter, Royal Exhibitions; Thomas S. Fraser, 17, labora- 
tory assistant, Glasgow ; Benjamin Young, 23, electrical 
engineer apprentice, Belfast ; jAmes Harrison, 29,. shoemaker 
(rivetter), Northampton ; John D. Crabtree, 16, student, Brad- 
ford ; Joseph Burton, 19, student, Manchester ; John T^lor, 

21, engineer, Glasgowv; Joseph Husband, 17, student, Sheffield. 
Free Studentships : Thomas Bcatham, 16, student, Newcastie- 
on-Tync ; Charles H. Kilby, 20, engineer apprentice, Crewe ; 
George H. Gough, 17, student, Bristol ; Henry E. Cheshire, 
24, fitter, Crewe ; Ernest W. Rees, 20, engineer apprentice, 
Carnarvon ; Stanley H. Ford, 17, student, Bristol. 

University Coi.leoe, London.— Q 7c//m/ Enj ^ ine.ring 
Si'holar^if :^^ — An entrance scholar diip will be offered next month 
{September). The valuet? per annum, tenable during two 
years, and the cotrpetition is limited to those who have not pre- 
viously been students of the College, and who will not complete 
their nineteenth year liefore October i. Every candidate must 
declare his intention of taking, at least, the two first years of 
one of the engineering course^ and the second payments will 
depend upon his success during the first year and the arrange- 
nims he makes for the second gear’s study. The subject of the 
examination will be mathematics, and any two or more of the 
following five subjects : mechanics, mechanical drawing, an 
essay on a given subject, French or German, and the use of 
tools. A senior scholarship of £So will be awarded at the clotie 
of the session. Candidates must have attended College classes in 
the following subjects during the whole of the session : applied 
mathematics, physics, engineering, engineering drawing, and 
geology. The results of the class examinations .will decide the 
obtainment of the scholarship, providing sufficient merit has 
been shown to justify the a word. There are also entrance and 
other exhibitions and scholarships given at University College 
for mathematics, physics, chemistry, classics, German, French, 
art, Greek, Hebrew, jurisprudence and polilical economy, 
philosophy of mind ami logic, English literature, medicine, 
surgery, pathology, and physiology. 


SCIENTIFIC SERIALS, 

Tkt Quarterly Jom^nal of Microscopical Science for July r888 
contains the following )n NaploHscH^ pi^r, a now pelagic 
organism from the Bahamas, by W. F. R. Weldon, M. rt.- 
(plate I ). The I^ody ts ellipsoidal in outline, the a ntero ^posterior 
diameter being the shortest ; in an average specimen the long 
diameter measured i’3 mm.* the short n mm. The dorsal Surface 
is slightly convex, the ventral flat, but concave on muscular con^ 
traction. 'Ihere is a cuticular body wall ; a muscle layer on the 
ventral surface ; the innermost body layer is a protoplasmic tnoic, 
embedded in which are numerous mucous glands oi>ening (hiioUgh 
the cuticle. At the anterior end of the l»ody, embedded in 4 ie 
proioploamic tunic, is the brain. The alimentaiy tract ocoupira 
the t^htre of the body. It has an oval opening t the tract iwlf 
consiste largely of protoplasm, which even protrude*, pseudop^la- 
Uke, fpom the ovaJ ooeiiing. A pair of ovaries anoa testis are 
present. YeHoW cells are scattered quite irregularly throughout 
the borly. The systematic position is doubtful. The author 
suggests that it may be a free-living Cestode.— On the tme teeth 
and on the Hoitiy plates of Omithorhynchns, by E* H, PouUoili 


M.A, (plates 2-4). The species of Ornithorhynt&ue hti^ 
always been descriMaewithout true teeth ; bat, 
they possess eight horny pUites-^two on eotb aide of 
True teeth ai^, However, developed at an early stage bene^^'^ 
horny plates ; there jSre Gcrtainly three on each opper mai 4 ^ 
and wmle two only have l>een proved to eidst tm ^ch of 4W 
lower maxBla, it seems extremely probable that «h addUiopOt 
pair will be found. The position and structum of these t^th 
are eminently mammalian, and are treated of In detaiL Tlte 
horny plates gradually intrude into the alveoli of the trite tee^, 
whicn, ceasing to come to the surface, are absorbed, so that lb the 
adult animal the bone and the under surface of the epithciinm 
are in close proximity. *-Note on the fiile of the bUstopore in 
Sana iempmtria, by H. Sidebothaiti (plate 5). Diflers fi^oin 
Balfour in concluding that the neural folds do not inclose the 
blastopore, the closure of the blastopore bring efTecied subse- 
quently to the niectit^ of the neural folds ; *md stlU more from 
.Spencer, inasmuch sii the anus is not derived from a persistent 
blastopore, but is formed from an independent proctodasal 
invagination. — Morphological studies : No, t, the parietal eye of 
the CyClostome fisheS, by Dr. J. Beanl (plat|i^iind 7). Describes 
the parietal eye in the Amoiocoetes of Eiramyton planeH in its 
adult form, also in Myxinc.*— On some Oigopsid cuttte-fish, by 
F*. Ernest Weiss (plates 8 *10). A veiy interesting study Of 
some Mediterranean cuttle-fish.— On the organ of Verrill in 
Loligo, by M. t.aurie (plate It), An examination of the structure 
of this organ proved it tv be glandular. 

In the yournal of Botany for July, Mr. George Murray 
begins a list of the Marine Algre of the exceedingly rich West 
Indian region ; Mr. F. J. Hanbury descrB>es some forms new 
to Britain of the very difficult genus Hieracium ; and Mr. W. B. 
Grove a new genus of Fungi, Pimina^ belonging to the I lyphomy- 
cetes, parasitic on another Fungus on the leaves of passion-flowers 
near Dublin. 

In the Botanical Cazeite for June, Mr. Charles Robertson 
begins a paper having for its object an attempt to explain 
the origin of the zygomorphic form in flowers, on the principle of 
natural selection. Herr A. F, Foerste describes a number of 
structures adapted to cross-fertilization in American flowera ; and 
Mr. K. H. Knowlton a new fossil Chara from the Lower Tertiarie^ 
in Utah. 


American yournal of Science, July.— Upon the’ relation which 
the former orbits of those meteorites that are in our collections, 
and that were seen to foil, liad to the earth's orbit, by H. A. 
Newton. We printed this paper on July 12 (p. 25‘o). — History of 
changes in the Mount l^a craters (continued), by James D, Dana. 
Ibis paper deals mninly with Mokuawcoweo, the sdmmil crater 
of Mount Lon. The history is given of its eruptions from 1832 
to i888, and the subject is illustrated with three plates, giving 
inaps of the island of Hawailand of MokuaWeoweo with two 
views of a lava fountain at tffo eruption of January tSSy. The 
paper is followed by a oommunictition from W. T. Brigham and 
J. M. Alexander on the summit-crater of Mount Loa in 1880 
and 1885. — On an explatration of the action of a magnet bn 
chemical action, by Henry A , Rowland and Louis Bell. These 
researches have reference to Prof. Keu, sen’s discovery that mag- 
netism has a rehfiarkable action on the deposition, of copper from 
one of its solution* on an iron plate, and to Prof. K. L. Nichols'* 
inquiry into the action nf acids on iron in a magnetic field. 
Their conclusions differ frerm those of Nichols, inasmuch as they 
give the exact mathematical theory of the action, while Nfchbfi 
gives no theory, and does not notice the action of poihts.— 
Wave-like effect* produced by the detonation of gun-coltoti, by 
Charles E. Monroe. It is suggested that, in the curious pheno- 
mena here described, a means may be found for distinguwh'ing 
between, and perhaps measuring the effects of, different detofl* 
ating explosives. — A mode of rending mirror galvanometers, dtc.; 
by VTi R. W. Willson. Although less accurate than that W 
triescope and scale, the method here propofwd is stated to be 
often more convenient.— Bcttrandlte from Mount Antero* 
Colorado, by Samuel L. Penfield. The specimen of this rate 
mineral here studied wMaelected ftom some material* coBecld 
lart summer at Moinit! Antero, in the search for specfmenl^ 


^ post-Tertiaiy and TerBary fpssiU In It 

describes a Coidieriie gneiss from Conn^iritt J |iit4 W 
Hallock hoi a short mote on the Bow of aoUd^« 
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«|lkc}u in the Ciat^naU, Italiam 

for J.tiljf com’prbe it deicnption, With plaU, of i. sinraUr proli- 
fetpUg of an by Signor U. Mgrtefli ; a sdm- 

marjr brm chataottrs of twenty^tivo of the prindpai varietieit of 
the Vibe ^rowb io the neighboutiiood of Areno, by Signor L* 
MacchUtt ; and contributions to th^ flora of Massana, by Signor 
U. MarieiU. In the iU}>on6 of the Proceedings of the Italian 
Bo^^liioa] Socie|y« is^n interesting artide by Signor G. Arcangeii, 
on Kmr, an alcoholic and effervescing nrink^ prepared in the 
Caaduusby the fermentation of cows' milk. The auiliqr con- 
hfmg statement of previous oiis'^rvcrs that in the fenbented 
liquid there are always found a Sofcharomyces very closely allied 
to tirtvUiic, and several SchiKomyoetes. The organ is ti of the 
latter class described by previous writers as DUpora eoucasica^ 
and regarded os peculiar to this kind of fermentation, he identifieii 
with ^BaciUus suhtihsf which is accompanied by B. ittidi iaUtd. 
SigoofS Martelli and Macchiati contribute papers on the ll-esh- 
water diatoms of the disulct of Modena. 

Bevue a^Anihr^p^i^ie, trolsiime sdrie, tome tii., quatrieme 
fosc. (Palis, i8S8). --Continuation of thteWmigraphic palaeonto- 
logy of man, by M. M. Route. In this xllay the writer treats 
of the most recently established conclusions regarding the 
chronological order of the erratic deposits of the vmleys of the 
Khone, the Sa6ne, and the Ain, which belong to the Quaternary 
and the Upper and Middle Pliocene ages. He agrees with the 
generally accepted opinion that the existence of interglacial 
deposits' has been estnldiiihed by scientific evidence, while the 
identity of the animals and plants everywhere found in these beds 
prove that they must be nearly contemporaneous. The dis- 
covery last year by M. I'ardy of a stone implement of the Saint- 
Acheul type, which was emb.^dded in the alluvial banks of the 
Ain, and near intact moraines, would seem to connect the 
presence of man with one of these interglacial periods, while Dr. 
Penck has shown that each retrogression of a glacier corresponds 
to a period of alluvial depoUt in valleys. Pasising from the Alps 
to the Pyrenees, M. Boule, again following the same authority, 
hhows that, while in the former icgion there is at many points 
evidence of repeated glaciation, in the latter the moraines rest 
directly on ancient rocks. Numerous other difficulties surround 
the question of glaciation in the Pyrenean range, and the interest 
of M. Boule's essay depends largely upon the care with which 
he has sifted the evidence derived from the numerous writer!* to 
whom he refers ; and the English student will find thi^ section 
of his work a useful guide to the bibliography of the subject in 
regard to Auvergne, as well as to the $wms and French Alps. 
— The Afghani, by M. L. Rousselet. The excessive admixture 
of races which is to be found in the laud of the Afghans is con- 
sidered by the author as one of the most curious features of their 
ethnic history. The physic d characteristics of the Afghans of 
Cabiil and Candahar poml to an Ary^ origin, and would seem 
to ally them with the Siklts and Inputs of North-Western 
India ; while the occasional appearonce-among the inhabitants of 
the larger cities of what is commonly known as the Jewish type 
of face i8» according to M. Rousselet, sufficiently explained by 
the important part which from the earliest period of Islamism 
Arabs have taken in converting the Afghans to the faith of the 
Prophet. From Chinese authorities we learn ^ moreover, that 
before the middle of the sixth century invadots of a Turcoman 
race had entered the land of the Afghans, and subjugated some 
of Us tribes. In the tenth century another Turcoman invasion 
confirmed the domination of the Mohammedans, and since then 
the Koran has constituted the national code ; but, altliough of the 
Sunnite sect, the upper classes adhere to the tongue of their 
liereilcal neighbours, the Chiite Persians, The theory ^advocated 
by many Koglish writers, that the Afghans ara deso^ded from 
the ten lost tribes of Israel, is treated by the writer as unworthy 
of all serious consideration. He cannot see ip this people, of 
variously composed ethnic eWmeuu, anything that demands the 
t^stablUhtneut of a far-fetched theory to explm their history or 
character ; but he thinks that, in jq>lte of their want of national 
L’oheskoc^ they may—ihtough their love of freedom, theindepend- 
cnoe eeciued to them by their geographic^^ppsition, and their 
warlil^ iHsUncts— at no very distant date be bolledUport to, decide 
> he fiite of India.*— Contributions JO fhe histoni^.^ anomalous 
‘uuscles of the neck and back^ by m XuedaUbkt ujflhk paper the 
examples ehed of such anomalies hgy<;baea :prii^pa&y takep 
from thftj^nted teports^of Mr. John Wood, Vro£i.> Macalister,' 
I'lowmv HpxIct, fitc. - Notes on the de TAln, by 

l>r. Ahbart* tbim MRPiy mp account <rf the 

»tode of' formation hud tiatbw of the Inmnneniliie pondd atsd 


marshes Which long gave ho peculiar a character to the 
di'*tricts of DomWs, Bresse, and Bugey, in which the great pre* 
ponderanec of standing waters has been for centuries a source 
of poverty and disease to the unfortunate inhabitants. The 
existence qf ^tleb vast a^eas of more or less deep stHl-waters is 
dependent upon a geological cause which must always have ^en^ 
in force^ since they owe their origin to the impermeability of 
the soil beneath them ; but ft would appear that prior to thr 
fourteenth and Aftt^onth centuries, when the process of so-eniled' 
evolagy and owur was first established in these districts, the 
country was healthier and m >re populous than it has lieen in 
more recent timc^ This aystctiu — which consists in drawing off 
the waters of certain ponds every third year, and sowing the wet 
ground with barley and oats after the vast accumulations nf fish 
nave been cleared off— naturally gives rise to mephitic effluvia, 
inducing m&lArian diseases. These and other evils due to the 
system of evaiage had the effect of gradually reducing the popu- 
lation to twenty. four inhabitants to the square kilometre, ancy 
giving an average longevity of less than twenty-one years. This; 
state of things, which reached its maximum about tlic middle of 
this century, has been steadily improving since the draining of 
the ponds has been systematically taken m hand. At the' pre- 
sent time 6ooo hectares of land have already been recovered, and,, 
while fevers have diminished, the tables of conscription show 
that, whereas in some cantons the numbers of rejections among 
the recruits were from So to 90 per cent, between 1837 and 1847,. 
they had fallen between 1872 and 1886 to L*c1ow 10 per cent. 
Dr. Aubert's notes supply an interesting commentary on the 
practical innportance of applying scientific knowledge to the- 
elucidation and modification of the physical condition of the 
soil, even where this seems to l>e dependent on apparently un- 
alterable geological causes. — 7 'he formula for reconstructing the 
human figure in accordance with dimensions of the long bones, 
by M. lopinird. This is little more than a critique of Dr. 
Beddoe's paper on the stature of the ancient races of England. 

Hivista Sci€nti^t0'lndush*it:tl€^ June 30. — Note on microscopy 
(continued), by Prof. Aser Poll. After a rapid survey of (he 
various improvements or modifications introduced by Huyghens,. 
Campani, Ramsden, and other oculists, the author proceeds to 
examine critically the suggestions recently made by Mr. E. M,. ' 
Nelson in connection with Campanils eye-piece (Journal of the 
Royal Microscopical Society, 1887, p. 928). By a simple calcula- 
tion, in which numerals are substitmed for letters in the well- 
known formula, he shows that the theory is directly opposed 
to Mr. Nelson’s statement. The assertion is also questioned 
that his theoretical conclusions have been coafiiTned by practical 
experiment. 


SOCIETIES AND ACADEMIES. 

Paris. 

AcRdemy of Sciences, Augiist 13.— M. Janssen, Preddent, 
in the chair. — Remarks in connection with the *' Connaissance des 
Temps pour 1890 (2i2ih ye\r of publication), presented to the 
Academy by M. Bouquet de la Grye. Amongst the improvements 
and additions made to this volume are : the semi-diameter of the 
sun, the duration of its transit, the parallax and aberration for every 
in the year, the conditions of visibility of Saturn’s ring, and 
tables for calculating the phases of the aolar eclipses for every 
point on the surface of the globe. By means of certain typo- 
graphical expedients, all thhse additions have been made witnout 
increasing the size of the volume.— On a general property c f 
elastic solid bodies, by M. Maurice E^vy. A demonstration is 
offered of the following theorem : tf two systems of foices in 
eouilibrium be auocessively applied to an elastic solid body, 
wnether isotropqus or crystallised, free or not (and consequent! v 
to a systet^ ot similar bodies connected together in any way), 
then tkt, |om of the work produced by the forces of one <if thcNr- 
systemS^ fot the elastic displaceiuenis due to (he other, U equal 
to the sum of the work produced by the forces of the latter (pr 
the els^t displacements due to the first. — On the influence 
exercised by antlpyletk sitbsunces on the quantUy of glycogen 
contained in the muscles, by MM. R. Lepine and Purie.et. Jn 
a previous ouHe tfut/us for April 3, 1888), the autliors 

showed tliat autipyi^ic substances act as an impediment 10 the 
tronaformatioq .of the hepatic glycogen into sugars They now 
give the result* of their further researches on the influence 
mcercised >y the anripyrine and acetonUide in determin'ng 
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th< proportion of glycogen contained in the moacleiL Com- 
paioa with healthy animaist those intoxicated with these lub- 
atanceft have an exoens of muscular glyct^en varying fipm 28 
to 30 per cent<— *On the precautions required to be token in 
order to secure good photomphs of, li^hlnitig^ by M. Ch* 
Moussette. An experiment is described, which is intended to 
show that the defective photographs of electric discharges are 
mainly due to the vibrations communicated to the apparatus by 
the trembling of the ground, the force of the uiud, or the crash 
of the thunder. Hence, in order to obtain good impresi^ohs, 
these disturbing elements should be neutralized to the utmost. — 
Observations of Brooks's new comet, made at the Pads Observa- 
tory with the equatorial of the West Tower, by M. Q. Higour- 
dan« This comet was discovered by Mr ^ooks at ihe new 
Observatory of Geneva, State of New York, on August 7, 1888. 

It was faintly vUiblje in Paris on August 9, and the present 
observations were taken on the three following days. — On 
amorphous antimony, by M, F, H^rard. The author has sue- 
• Deeded in obtaining directly the allotropic modiheation of anti- 
mony indicated by Gore, and resulting from the decomposition 
<sf a chloride, bromide, or iodide of antimony. It talc^is the 
form of a gmy powder containing 98'^ per cent, of antimony, 
with density 6 '22 at d" C., and point of fusion about 614“, 
whereas crystallUcd antimony melts at about 440^ — On four new j 
titanates of zinc, by^M. Lucien L^y. Since hts cammumcation i 
iCom/tUs undu^t vol. cv. p. 378) on a trititanatC of zinc obtained I 
by means of Aaorides, ihc author ba^ obtaineil four other titan- 
ates by fusing titanic acid with mixtures of zipc and potassa 
sulphates. Inese titanates arc here described, anal vzed, and 
reduced to their proper formal tw. — M. A. Duponchel has a note 
on a 24'y ears’ cycle of periodicity in the oscillations of tempera- 
ture on the surface of the, globe, based on the records of mean 
teitiperatures in Paris fi-om the year 1765 to 1783, and from 
1804 to the present time. 

August 20. — M. Janssen in the chair, — Note pn the adoption 
of a legal hour in France, by M. 'Bouquet d 4 la Orye, The 
Commission appointed in January by the Bureau des Longi- 
tudes to inquire into the* best means for establishing a common 
legal hour sent in its Report on )une 4, and the Bureau has now 
invited the Minister of riiBlna instruction to support a project 
of law Intended to give effect to the recommendations of the 
Commission, — On inoculation against A>iatic cholera, by Dr. 
N. Gamaleia. The substance of this pa]>er has already appeared 
in the last number of Nature (p. 395).— Observations of Fa^s 
comet, redisdOvered at Nice on August 9, by M, Perrotin, The 
observations here recorded were taken on August 9 and 10, when 
the comet was faintly visible, showing a slight central condensa- 
tion with enveloping nebulosity of circular form, and nearly 1' 
in extent.— Observations of Brooks's new'comet, mode at the 
Oliservatory of Nice #ilh the o*38m. Gautier equatorial, by M. 
Charlois. The observations are for August 9 and lo, when the 
comet had n brightness equal to that of a star of the 9tb or loih 
magnitude, with a faint tail aboirt 5' long ; position-angle, 270^ 
—On the hateJliies of Mars, By M, £. Dubois. The two 
satellites discovered by Asaph Hall on August ii and X7, 1877, 
have since been observed by several astronomers, and their 
elliptic element# recorded in the Annuaire du Burta^u des 
Longitudes. How have they hitherto escaped obsensation, 
notwithstanding the Ihvourable conditions presented for detecting 
them ? It is suggested that Phobos and Deimos, as they tu^ve j 
been named, may perhaps be two small members pf the telescopic 
planetary zone between Mars and Jupiter, which diave recently 
been drawn within the influence of Mars.^Pirovieional laws 
determining the subsidence of the land in oertiiit parts of 
France, by M. C. M. Goulier. A comparison of the althttdes 
recorded by former and recent surveys seems to indicate a 
progressive sinking of the surface in the direction from south to 
nor^ where the discrepancy amounts to 078m. Although the 
available data are still insufficieht to determine (he lo^ regu- 
lathij; this vertical movement, it appears no longer doMflyk that 
•uhlidence and upheaval take place not only a1^ the 
bel' .also in the interior of the continents to a much 
extent than has hitherto been suspected. — On thb^in^pQur* 
tensions of solutjfpna made in alcohol, hy M. F. 

Hia farther expe^ents here described enaMh the tdithor to 
generalise the law already formulated by him {C^mptes nrisd'K/, 
May 2i» 1887) to the etfect that one molecule of a non^inltse 
fixed luhttance dissolved in 100 molecules of any Uq#dt 

diminishes iu vapour-tension by a constant quwgliy eorrettodd- 
ing to about 0*0105 of its value.— Experiment on the treaimfnt|| 


of the potMo 4wiase» by M- Frillieuit. A mixture of 4 parts 
of the sulphate (h copper and 6 of lime to too of water (the 

Bordeaux broth **) has been applied with complete snocess to 
soinh potato plants at Joinville-ie-Pont attacked by PeronDspora. 
But to be, efficacious the remedy must he applied either as a 
prophylactic or in the early stages of the disease. 
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GEOLOGICAL NOMENCLATURE. 

LiS Dislocations tie Vtkorce terrestre : Essat de Definition 
it do Nomenclature. Texte en fratigais et en allemand \ 
Synonymic cn fran^ais, allcmand, et anglais^ Par 
Emm, de Margene et Dr. Albert Heim. Public aux 
frais de la fondation de X. Schnyder de Warten^ee. 
(Zurich : J. Wurster and Co., 1888.) 

A t the meeting of the International Congress of 
Geologists which is to be held |n London during 
the autumn of the present year, mahy praiseworthy 
attempts will doubtless be made to bring about some 
kind of uniformity in the nomenclature adopted -by 
workers in different countries. It is doubtful, however, 
whether any conferences or cli.scussions ar^ more likely to 
contribute to this much- desired object than the work now 
before us. The writers of this essay are singularly well 
qualified for the important task they have undertaken. 
Prof. Heim, of Zurich, the author of the well-known 
“ Mechanismus der Gebirgsbildung/' and other works on 
orographic geology, is responsible, as we are informed in 
the preface, for the scientific discussions ; while M. 
Margeric has taken charge of the literary portion of the 
work — a task for which a wide knowledge of geological 
literature in many languages so admirably fits him. 

The book was prepared for press in 1885 and 1886, but 
considerable difficulties were found in the way of its 
publication ; there fortunately exists, however, at the 
disposal of the Municipal Library of Zurich, a fund 
bequeathed by the late Xavier Schnyder von Wartensoe, 
a musical composer, the yearly proceeds of which 
may be devoted to the publication of acientifiCi works. 
The proceeds of this fund for ther ^j^went year “having 
been very Judiciously applied to di^H^y the cost of the 
book before us, the printing was undertaken by the well- 
known firm of Wurster and Co. M. Margerie has added 
a supplement bringing the worl^, as ntnrly as possible 
down to the date of publication, Ifet is compelled to state 
his regret in the preface that soma valuable tnemoirs 
bearing upoi^ the questions discussed (and notably Mr. 
Mellard Reade’s “Origin of Mountain Ranges,” which was 
some time ago noticed in Nature) did nibt reach:bim in 
time to be utilized as he could have vrished. In spite of 
these frankly acknowledged mission v .however, every*' 
one who uses this work—'and it is one/Wiiich is almost in*^ 
dispensable to the student of (he ever-acci|^tating nitss 
of geological literature— will acknowledge the thorough- 
ness mth which the scientific btcr«tture of ouroWn country 
and of the United States, as Well as of France, Germany, 
Italy, and Scandinavia, been ranMckelj by tbfr 
m<Wj^»ble authors. : > 

Tke work is divided into t&fwe aeet|ons, the 

iirtt deaUflg with the dislocaliimi iei^ti^ from Vertical 
movements of the earth’s cru^‘ with those 

produced by horisontal ^rusti^mid dker.1^ with the 
internal rttults of the Excep- 

tipn may be 'taken to this'iidisti*l|iiftiji||># ai|it 

ihdeed no clnsikcatJon could 

pomibiy. be snggeited wov^ be HS^tato^diinaad untver> 
sal we thinfe itb bdt^ «nte9tmeftf''br thwi; 

VoL. incitviit.-~No. pSi ' 


matter cont^iiled in this work could have been well 
devised. Although there are not wanting cases in which 
we fiod links between the comparatively simple vertical 
displacements of little-disturbed areas and the com- 
plicated over-folding and over-faulting of mountain ranges 
yet in the majority of eases the ordinary faults Of the 
ibrrper and the grand and exaggerated reversed faults of 
the latter are as distinct in their distribution as they 
appear to have been in th^^r mode of origin. 

In the first section, the general characteristics of 
ordinary faults are discussed, as well as the classification 
of the different types of su^h faults and of simple flexures, 
and then the m<^es of gfouping of ^ch faults and their 
mode of origin arc considered. As many of the English, 
French, and German terms employed iu the definition of 
faults have originated with miners, and are of a pro- 
vincial character, the exact sense in which they are used 
cannot be found explained even in the best dictionaries ; 
hence a very great service is rendered to the geological 
reader by the care and thoroughness with which the 
authors of this essay have sought out and explained the 
synonymous words in the three languages. 

It is when wc come to the second section of the work, 
however^: that we are impressed with the fullest sense of 
our indebtedness to MM. Heim am .1 Margeric for removing 
obstacles to the mutual appreciation by the geologists 
of different countries of the;^ labours of their fellow- 
workers. ^ 

More than forty years ago the brothers Rogers, in 
working out the geology of Pennsylvania, first showed 
what are the essential feauir^ .in the structure of great 
mountain ranges. They deitoribed with great clearness 
the succession of great folds, “ the axis-planes ” of which 
Ijad been pushed over into a nearly horizontal position 
and others in which, by a still further movement, fracture 
had taken place along the axis-plane of the folds, leading 
to the upper limbs of the heeled -over and compressed 
arches being driven bodily fair vast distances over the 
lower limbs, They described one of these exaggerated 
reversed faults or overthrusts in Pennsylvania as extend- 
ing atpng a line twenty mijes in length, with a displace- 
ment of five miles, white pother similar rent was traced! 
in Virginia for the distance* of eighty miles. Henry 
Rogevtt saw clearly how these great dislocations enable 
us to explain the “ fan-structure and other remarkable 
appearances that had been described by De Saussure, 
Studer, and other pioneers in the study of Alpine geology ; 
\^hilc James Hall, Dana, Vose, and other American geo- 
logists fottipd in the structure of the Appalachians a key 
to the grent problem of the origin of mountain chains. 
More recently the investigation of the Western Terri- 
tories of tlie United States has supplied the able 
geologists of America with many beautiful and instructive 
iUtt^ri|ttons of the same phenomena. 

thrown upon the structure of mountaiiv 
Chaibe by the study of the Appalachians soon began to. 
influliiee tbe geologists of the Old World. Lory, liiiUzer, 
Heim;: and others, showed that in l^uphiny and in. 
Switserland ^**over-folding” and “ oviV-faulting ” are the 
great chw^cteristice of Alpine structure, and they added 
nihch to flur, knowledge of the causes by which these 
stnicturea tkii- produced. 

At the outset of these investigations upon the structure 

V 
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and origin of mountain ctiaina, English i;eoIogi«ts rrore 
fcOhapicuous not only by the (iteftrniiss of their vie^rs b»it 
by the skilful manner in \rhkh they applied the npw 
principles to the explanation of our own mountain masses^ 
especially tho^ of the Scottish Highlands. ; Eianiel 
Shar^ demonstrated the^ essential points pi resem* 
blance between the structure of the mountains^ of 
Scotland and those of Southern Eiiirope ; while ScrOpe 
and Darwin went stitf fnfr^r in insisting thtft the 
intimate structure or foliatidh of the rock-znasses'^ iJi 
our own and other mountain chains* must be attributed 
to the mechanical ^ects of the great movements to which 
they .have ^en subjected. Unfortunately ttte great 
fhftuence of lifurchUon, backed as it was by th^ authoricy 
of the officers of the Geological Survey, threyy bach' 
the advance of English geology in this dlrecHpft’ 
Jfbr nearly a quarter of a certtpry. The" doctrines 
that the rocks of the Highlands Were ta^ian ee sentihlly 
tmdiatdrbed conditiefn, and that ip them the plai^^ 
of stratification folia^dn were coincident, were 

backed by such a weight of atSthority, that for a tinte they 
overbore atl opposition, ^.To the Jhlfours of Prof, Lapworth 
^ indebted fbr inidaliitg ‘the^great reaction against 
the mischievQuA cachings df this ethool ; whiles Jdessrs. 
Peapfc And Hbrne havP; more ‘than atoqed for 
done by their predecessors, by the energy and zeal with 
which they have sought tS neutraljac the effec^ of those" 
teachings. 1^ is ^a fortunate cf^uimtsfocc that these 
patient research^^ have *bfen carried' ’dha in the very 
districts which had b^nlRppefeled to as affording the ; 


mg interpretations, 
ae, work before ^s the various 


strongest support to the err^ 

In the* second aection of 
terms cmployea‘by ' Rogers and the American geologists, 
by Lory, Batlzejp, Heim, Sucss, Brdgger, Reusch, and othqr 
Continental writers, as well as by Lapwortb,, Gpikfe, 
Peach, and Horne, are all brought into clear relation with 
one another. Where necessary the complicated effects.of 
great mountain movemen’is are illustrated by sketches, 
and the most invaluAble aid is thus a^on|^d to the* student 
who seeks to^make himself acquainted WitV affcd to >cotp- 
pare , the rerhaikable results ’attained by uiq Woofers 4xr ^ 
•distant areas. Especially inti^jpfttin^ are the oh^fWa^ns 
upon the intrica^te phetioioe^ disjidayed in cases Wnere J 
rocks that have been’^sbeared and foliated durii^ 6n«4 
period of monntSin-m^ing arn;/subjected .to s(^^bd 
propeSs of the ;gamA kind at a long $|ubs6^cht per^ljj 
Wc- regret thati the space, ai^ our command forWdsw 
from fdiaowing the ai#ors Jmd 'Some pf these interes^g j 
■questions. ^ ‘ 

The important problems connected with"tfec.,chang«ji 
in the internal structure ofirocks resulting from the 
ments to which they have been subjected occu|iy thc| 
authoes only so far aa is necessary to fix the ten 
^hall be employed in describing the effects pn 
"The relative merits of such terms as ** pregsui 
ino||»hism,” proposed by Prof. Bonney ; of ** pi 
flttklon/' by thejAfo I^of. Carvill lAwis j of “ Uiskx 
iiaetawtoi^ Prof. Lessen ; of mecl 
metamorph?)^ Baltzer ; of '‘metaifiorphism by 
friction, " by Goesdet ; and finally, of “ dynamo-nn^- 1 
morphismj^ reecrttly auj^csted by Prof. Rosgjbusc' ^ 
all impartially considefed. Whatever 4$ the term, 
eventually chosen to es^ess the important effects 
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doeddby the intefbkikttovements — the " ftevring^r— ofrock- 
massei^ ; we can only rejoice that the ideas so ably 
advoeatdtl.^^long ago by Scrope and Darwin are now 
begin#i4f^io meet with such wide and general recognition. 
Pipbyi^ in the days of these pioneers of geological 
thougl^^re absolutely insoluble are now brought within 
the rasm of practical research. Lehmann, Lossen, and a 
host df^pmer workers are showing us how by the applica- 
tion o^tmicroscopic methods the paramorphic changes 
and 0|HtuaI chemical reactions of mineraU in a rock 
subjected to external stresses and internal movements may 
ht clcarly^ollowod, step by step ; while the physical in- 
\te^t^at^$ of Tresca, and Spring afford to us 

causes of the phenomena so 
jch^uDy bbftryed will not long remain hidden from our 
'view, . \ 

. Tht^mun^robai'j'wrkers in all the great centres of 
j^hdught, vrhpSAi^li^ention and study are now concentrated 
Upon and fascinating problems, will welcome 

the work before us as supplying a want that has been 
widely and deeply felt- John W, Judd. 
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LETTERS TO THE EDITOR, 

TUe B^U0r daes not hold himsolf rtsponsidlo for opinions 
ixprisstd by his correspondents. Neither can he under- 
teii to return^ or to correspond with the writers of 
rejected manuscripts iniendsd for this or any other part 
cf Nature. No notice is taken of anonymous communi- 
4p^ions,\ 

Lamarckism versus Darwinism. 

In hts tirst letter Dr, KomAnes stated that 1 had accused him 
without eyidence. In the second letter he repeats the statement 
in other words. Tl^e answer to both statements will be found 
in my last letter. ^ 

^r, Romanes wiJ^Jw to my first letter until he 

explains br expressssfli^^t for hi* unfairness to Dr. Wciismann. 

Oxf6fd,'September\v Edwaud B. Poulton. 

f , The .Zb^^al Ligbllknd Meteors. 

’ :,I /HAVE h^ltl^e O^p^Wiity of looking at Mr. Maxwell Hall's 
(NATtiJtE. yp 4 yfL' p, 204), referred to by Mr. Mattieu 
^02), and find that it will not in the least 
by the latter. Hall’s observation 
V9va$^ evideikly ijkOlt of spurious zodiacal light,** but of the 

ordinary zodiacal^ light Jn the form called by some writers the 
* *god[aoal ^^**^hgpg|r|>eriu>ps espOcmltj bright. Its position, 


also, 4|S oh^r^d 

folikoflhe 

thitit. _ ^ 

ppy other 

an^ount.^pr the ap^ 

‘a, 
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lite different from 'that whicb 
leteors from Biela's comet, 
he there propounds for the 
not met with acceptance, as 
Inary theory of the zodiacal light, 
IB dUk. whether of meteors or 
;|ie sun is central, is sufpc^ttt to 
icribed fay Maxwell Hall and 
T. W. BackhoiwA. 


'SJ^vesTwoLic Af/ss/omneMS 
y.^NAroxAL science, 

jll-known Lagariat 
I, hat published a « 
Zes Mhsi&ns 
~ t0 tb« natotml adeftcKs 
The follffvbii A 
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U is. a common mistake that Cam^C missionaries, are nOt^ 1 |ia.pkke^p. For^on the- one hand, China was now 
esjigitged in proselytisiog, and in proselytizing only. ‘ &n- in communication w^h the rest of the world, and had not 
doidstedly the original motive has been to convert pagan pe nned nor t^e desiVe to have recourse to the missions 
nations to Christianity ; but, as will be shown, ihey have for thein learned and scientific men ; and, on the oth^ 
wOrieed in other channels with verv gr^t auccfiss..^^ hand* the (^risdan missionaries and their flocks now 
Accounts of scientific work like that of the pot enjoyed toleration, and the priests had nothing to. gain 

common, because the missionaries are so tew that thi^ by imuating their great predecessors in gaining; the 
have very little time to devote to anything ouilFivk favour of the emporpr. Beifldes, European diplomatists 

religious duties. The advantages of missionariey^raeedlng did not look Withfsy^vourable eye on the influence that 
the ordinary travellers are well known, and pavej>een would be acauircMToy nrmsts^ver the emperor if they 
recognised by various learned Societies. It is,'!^ever, accepted official pOst^, ;3|h^JeBujt (athers, however, who 
of Eastern Asia in particular of which M. )|,}aVid pro- .^d returned to China, wb^n their svippression had been 
poses to treat — that is, of China, which cofttmns a third annulled, did not ^gompletli^ sfeparetc themselves from 
part of the population of the earth, at^ whiclys attracting ^ tlieir former studies,, but continued them as far as their 
more and more attention every day. : Jfhe enen>iea-of the changed condition would allew^ Fdf exaipple, in their 
Catholic clergy compare the presentm|fiifion^i 4 ks ip China college ' of Zikawei, "near Shanghai, the}& /Succeeded in 
very unfavourably with the Jesuits Shape St ^kinjn , establishing a very important meteorological observatory, 
the seventeenth and eighteenth centpi^, l^oia.unckubled/ wbpncp Father Dochevrens regularly sends his Observa- 
that the Jesuit fathers of Pekin bor^liipgjifoepdii^iy.hk lions to the men of science all over the wOrld ; natural 
reputation in science and art, ano,?|(fct prpdu^ history- owes muck Vo the persevering labours of Father 
very considerable results in almost ,brahiA of Hew^ who has published a work on the, Mollusques 

human knowledge. They comp^eted^»t!ib colassal flaviflt<les et, <p?rcstres^ of Central Cliina, and pj±ers on 
geographical work that has ever yef .M^ seen, by the stags and, ibrtoi^es of China. XHif able drat^ntsman, 
making a complete chart of the Chinese Empire. The Father {tpitouis, helped Father HOude by the 

“ Lettres Edihantes," the ‘^M^Jmoires des Missionaires excellent illustratioi;^ of tbOse books, some ot ki^ithwere 
Jdsuites de P^kin,” the great works of f'ather Uuhalde printed’ in thi^^esmt establisliment* in Chida- In other 
and of Father de Mailla show the immense mass of pifrts’ of the country, many of these idissionarics g|v^ 
matter they have written upon almost every subjlct themselves up to finning and ^ndm|k MusettOfta 

relating to the Chinese Empire. But, it is asked, why collecifens of plants ^nd animal$. At K^e^jChow, Abfed 
speak of the great achievements of the past ? They Only Fcrh/, of the Foreign Missions, ptit togethcf, k very 
accentuate the total absence of any scientific labours at the r interesting ccdfection of plarttiL which, wijth other articles 
present time in China. M. David has several answers to of value, me has nrcs«nlod.to tod ^Atdm des Plantes. He 
this question, (i) Formerly the Academies and learned introduced intb Frahoethc great s^lk-wor^ that bears his 
S^ieties of Europe could communicate only, with the name and wbicb already is reared in the 

missionaries on questions relating to China ; nojpther open air on the oak-trees of the .more tVtmperate regions 
travellers had then found their way into the Celestial of Frhnce. On his retpiti^om China, Abbe Ferny pub- 
Empire ; and it was to aid this communication that the lished a Chinese gramm^lNond vocabulary, and many 
Catholic kings helped the missionaries with their protec- works on the productions of^t Far Eg^. Frdm Tibet, 
tion and their money, as well as from religious motives. Mgr. Chauveau and his successor, Mgr/'Bigt, and above 
(2) The missionaries knew that t^py compelled, in M. Desgodins, have sent to Europe nkmy precious 
order to get permission to remainwSliuipW;iJa*#io make their documents and several collections of animals, which give 
services indispensable to the empMp< and thug they put us an idea of the physical condition of that almost im- 
all their knowledge and skill at lhik service*. (3!. Whilst penetrable region. M. Furet in Japan, M. Earnaudie in 
only a small number of missionaries, thus resided' Siam, Ml, Pourthi<f in Corea, spd M. Bon in Tonquin, and 
at Pekin, and gained and kept t^e con fiance of the several others^ have all in the respective countries of their 
emperor by ihcir pAuit of ^iftrottomyi geqgr^iphy, i^doption studis^ the^gepgraphy and the natural history, 
and the arts, the rest, by |n which |tndhave.lfent their sdehtinc^oliections to cnficb our public 

bre^ren stood, got permission wtablikhhicnts'. ' , At Yunm^, l|. Dplavav. of 

China. . ^ ' T / A' Fbreigh Missions, ha^^Ven up for ma»y years aU hi^ 

St Francis Xavier, the apostle of , iiWlablc tlhae to tl;^(itu#^thft,ulah«fe of this unexplored 

^ing able to enter China. Fathe^tBiko^wlitii entered province with the most rematkab^ »eaj gnd success. The 
in 1580, led to Pekin quite a phalamt^qf emMMttihen, pUntV wjtficb h« ha* alfeeady sent‘|b the P#each Museum 
occupy the posts of honour nclb feipplifor*vTl3\ise ahfc-e^ import^t that l^ye ewrl>cen sent from 

high TOsitions did not. bowM^preifet the a^Mj&riaries ,iC|ilna to Europe, suVd bojlani^ts ^re surprised .at the 
from labouring in the causaMPCnristiiM t!ift^ ^ of hew species jihqy! conUtii. An account of these 

' many Christian establishnjfi^^ tS ,^w species has byL.M. FVauchet, and wiU 

Fathers Verbiest, KrVtnn^ ^rdy ^ publiswd^W^Sig; octiVd volume. M. pavjd 

and many others. The olwr prides IdNiiaejIf pti Delavay followmg 

stopped their work in China,. m o wpre ihese l^ve to enriched scienecu 

sent to succeed them,.an4i||i^^ mejh , llhey met accidenCatly at Hpng'^ng, and after seine 

like MM. Kaux, Ghislain^^kn^,! tronme M. David anceepded in mducing him to become a 

themselves soon swept., away by Tp, <^eikiira$pondent of th^ The Professors 

persecution soon becamd^enerak establishment have been sp satisfied whh the 

priests who were able to of M. Delkvay that they have sent him one of" 

the country at the cost, thetr^corations with toverjal money grants to help him 

occupied without atten 4 iqi#||!^M^ '^t^^ntinue his ffuiff^l inarches, ^ few facts will show 

same was the case with who of the labmf^ of thUgeatJd^^ Formerly only 

were sent by various ^Todr'ibr five f^hese jr^^entottvef (Ihododin- 

the scatter^ dron were^ lmown, bqt the new found by M. 

itirpnitiTim prTiritlWjpiroro h0ii|hiri Del^vay^ added? to those found M- David at 

Chdstkna and liberty ■ Mioupinp, amotmt to Torty-five,t ^ only one Chinese 

ChitiA^th^fs but now more than thirty new 

under' species haYie"beeh‘- classified' by Delavay* Other mis- 
bf the hthbijip!^^ coi;^ ^sionades besides those China ore actively engaged in 
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the cause of science ; for ejcample. Father Montrouster has 
studied the fauna of several of the islands of Oceania, and 
Fathers Duparquet, Augouard, and Le Roy, have sent 
from Africa many valuable collections. Our Museums 
and our naluraljsts have also received from the intenoVof 
America many objects more or less important, but chiefly 
many remarkable Coleoptera and Lepidoptera from MM. 
Sipolis, Gaujon, and Dorme, French Lasarists, who 
are quite at the head of the ardent collectors in the 
Now World. To return to China, through the ^ood 
offices of the Franciscan missionaries of Shemsi, M* 
Romanet du Cailland was able to obtain and introduce to 
France several new species of vine which have been 
cultivated under the names Vitis Romaneti^ Vitis Pag^ 
Sy^/ntmfis Davidis. This last species was found 
by M, David in a wild state in the central mountains of 
Tsin-lin, and is notable for having its stems covered with, 
thorns. In spite of its somewhat aromatic flavour, it is 
well adapted for wine-making. 

M. David then proceeds to particularixe his own 
latours, and before doing so he gives a short history pfbia 
life, into which we shall not follow him. Shortly after, tfte 
Ang]o*French expedition to China he was ordered by' bis 
superiors to proceed to that country.. Before setting out 
he was advised by several memWrs of the institute, 
amongst tl^m being MM. Stanislas Julien, Milsre* 
Edwatds, Elie de Beaumont, and Decaisne, to make 
periodical reports. When he had settled down Pekin 
in the year 1063, he began to explore the surrounmijgs of 
Pekin to prepare materials for a natural history collection, 
and to send reports and specimens to the J^rdin des 
Plantes. His first consignihent of plants and aninlaU was 
highly praised by the authorities of this institution, and 
grants of money yrerc sent him to help hun to proceed. 
The increasing importance of the results obtained in 
China made the Profepsors of the Museum believe that it 
was an Eldorado for natuitUsts, and accordingly they 
begged die Superior-General Of the Laz^rists to petmit 
M. David to explore the lesser-known provinoes of China, 
M. Etienne ebnsented readily, chiefly because the request 
was made through the Government itself; and the 
Minister of Public Instruction officially styled M. David's 
proposed journey a scientific mission, and supplied the 
necessary funds. With regard to the collections sent 
home by him, he says that only zoologists can appreciate 
thereat work of M. Milnc-Ed wards, entitled “Recherches 
sur Mannmf^res,” which, with the, exceptipq of a single 
species, treats of Chinese animals. The greater 
of ^eee were sent by M. David, the new species aif^e 
amounting to sixiy-five. One of the most remarkably ^f 
these is the S^ti^opithteus roxellana^ a curious mqpkey 
with a nose very much turned up and a green face, with 
his back ornamented with long brown and white heir, 
whose haunts are in the cold forests of Tib<;t It is 
sort of counterpart of the long-nosed monkey#' of Bbrneb-, 
Besides this animal, China supplied two others, one df 
which was capable of bearing the severe winiyss of the 
north of Tchely, to which point its habitsti;. extends. 
Another important discovery of the Tibetan insgion is' 
Ae extraordinary Vrsus mekinoleucuSy for Which there wa» 
no generic name. The Ailurepus melanoleucUs appears 
to ho of great rarity in the very small region U inhhbitB. 
All the Museums of the world envy the Jardki des Plabtys 
the possession of four spccimens—thc only ends M. 
David met. In Tibet also he saw the ^ 

a new kind of aquatic insectivorous anirn|tL^^ 
hair of which assumes all the colours of the rainbow wwh 
the little creatur^ Is in the water. He also secured 
varie^s of this animal. In the lofty forests bf Moupinn 
he found the Budorc^Sy a large ruminant of a grayish* 
white colour, with no tail and with immense horns. 
hunters of thh country regard this animal as the tiger fa’'' 
regarded in India, In spite of its heavy build it Scramble# 
over the most rugged rocks as lightly as a chamois. In 


almost every district in China he came on some treasure. 
The deer with large hoofs and a long tail fEliUphurus 
• davididnm) is now pretty well known ;^ut the species is, 
unfortunately, threatened with extinction in China, In 
the gf^us Mus alone he got twenty- seven species. He 
noted down two hundred species of MantmifermypXi^ in 
this number there are hardly five or six, omitting the 
domestic spedes, which appear identical with their 
species In Europe. * 

With regard to the birds of China, M. David has 
prepared, with the help of M. G. Masson, a book on 
them, in Wtiich he recognizes 807 species either living in 
China or coming there regularly. Amongst the greatest 
novelties he mendons the large Lophophorus of Tibet, 
which lives at a height of above 12,000 feet; the three 
known Crost^pHhk^ W which one is white, another blue, 
and the third black white ; the Tnigopany with a large 
many-coloUred fa^d around the throat, and its head 
oi;namcuted vvith ^WQ very thin, blue, and fleshy horns ; 
two EulophBS^ ci;e#|ed pheasants, which are the most 
^appreciated dish 1^ gourmands; the sacred pheasant, 
with a tail pwer six feet long ; the Amherst pheasant, now 
become, lik# the preceding, a common bird in the parks ; 
and a new species of pheasant, dark-coloured, and always 
living under trees. All these birds, and hundreds of others 
from the same source, are exhibited in the French 
Museum. Some of them, according to the method 
common among naturalists, are named after the dis- 
covorcr. Thus the Cygnus davidi^ a very rare swan 
with red legs, and the Ptcrorhinus'' dmndiy a kind 
of mocking-bird captured in the woods in the neigh- 
bourhood of Pekin ; the Sygrnium davidiy a nocturnal 
rapacious bird of Tibet, described by Mr. Sharp, of 
the British Museum. M. H. Milne-Edwards, Pro- 
fessor' at the Sorbonne, has also affixed M. David's 
name to two new species which he has described, 
Carpodacus davidianus and Oreopneuste artnandu China 
has not our sparrow, chaffinch, goldfinch, or linnet ; our 
warbler, redbreast, and nightingale arc unknown ; their 
thrushes, blackbirds, toptits, and crows, differ very much 
from oui^. fa#|^:4^aking generally, there is only 
about on^fiftb of thsjICmnese birds found in Europe, and 
the greater part of these are very different in the two 
regions. The Eastern Gallincty InsecHvoreSy ^xiARapaceSy 
have scarcely any species like thOT in our continent A 
remarkable fact if that we' find certain groups of 
birds within certain ttfrrow limits where they are TCpre- 
^nted by numerouf species, whilst they are totally absent 
Hrom all mother barts of the earth, even from those PJrts 
wl^re it would ife possible for them to live. %ub 
there are forty the beautiful pheasant class^ all 

grouped aropnd I'ibeti lyhile there is not a single member 
of the class in any other quarter of the globe. So the 
Crateropod^Sf of which tbi^iyc thirty or forty sp^ies in 
China, do not i^p>pear any representatives in 

Thifae and oth^ facts furnish M. David with 
vtte^ne consh!^ t^Utbfwefable objections to the theory 
thUjr’they alf origine^ Is it not more 

reaiionable«,.,'be lhat the principal 

Of plants ( 0 d aniin& havfog once appeared on earth, 
!wliere apdj^en (t pleased Providence, have undergone 
stew vari#(tioni which have divided them by degrees into 
speeies aOd varieties ? America has upwards of lour 
hundred specie# ollmmndng-birds, while there is not a 
single txker sfiecfmen in the rest of the tropical world, 
where those liHle ^jf^res cfbuld live equally well Every 
class oT the he says, furnishes timifar 

and fishes. whlck hL 
DjfM onl^itrorlfad been carefuuy pumm 

b^ii Dumdril, auCM. E. Blaachiri toe 

last-earned g^leimn before the ^ 

A;$cieoce#,r under the pcame bf an 

teihehte salamanddi wihieblive# eb £$h and mbs in foelh 
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water, A skeleton of a salamaiid^it, tiaow or less resetp- slowly and soOn came to the right of M. David, who was 
b)ing this one, has recently been found fn Germany, where jiourneyiog froW south to north. The wind was blowiti£^ 
tt was taken for a fossil man. It is the insect world which from the weit, and when the clouds reached the summit 
supplied M. David with the greatest novelties. Great of the mouatain they could not pass over on account of 
though the collections sent to Europe are, they are but a the opposition of the wind, and there they rested, a huge 
smlJ fraction of the riches in entomology that China sup- mass of opaque clouds. The sun was setting on the 
plies. The Coleoptera have been described by M. Fair- horison, and threw the image of M. David on the wall of 
inaire, formerly President of the French Entomological white clouds^ where U was surrounded by two rainbows, 
Society, and the I-epidoptera by M. Oberthur, of Rennes, or rather two complete concentric circles. This pheno- 
who has the hnest collection in France, and ^perhaps in inenon lasted nearly half an hour. M. David hud been 
the world. Amongst insects, more even than amongst six months in Mongolia when the revolt of the Mussulmans 
animals and plants, there is a large number called by the broke out and prevented him from penetrating as far as 
names of the missionaries who sent specimen? of them to Koukounoor, and even beyond it, a? was his intention. 
Europe. For example, Ctcindela desgodinm, Carabus These high Mongolian plateaux are of aboutthree thousand 
dtlavayi, Cychrm diwidi, Nebria.xha^ki^ Enoplotrupes feet above the level of the $ea. The population is very 
/argekam, Dofiacta provos/t\ m Cplcoptera and in sparse, and the fauita and flora but little varied. The 
butterflies, Anthocharis bieti. At^undi a &c. remarluible animals most frequently seen in this region 

With regard to the vegetable kingdom, the hrst important are the souslik, or yellow antelope, a kind of little marmot 
work we have on the Chinese flora has been finished this analogous to the prairie dog of, America, a brownish 
year, and styled “Flantte Davidiaijg^f* It Has been printed weevil, and a curious lizard with round head {PhrvnO’^ 
at the expense of the State, and is li riwr^uarto volumes, cephdlus) which seen everywhere rolling its tail in 
illustrated with forty-five very fine^)flat«^^ and contains regular cadences. During the summer the open country 
a description of all the new species or pl^i in M. David’s is edvered either with the blue-flowered iris, or with the 
collection, and an enumeration of all the plants collected by liquorice i^GlycyrrhizaecMnaia) or the yellow rose. M. 
him. The collection contains a small proportion pnly of ^ David found in Mongolia in a wild state, but very rare, a 
the plants of China. It should only be regarded as a mere pretty flowering trdfe, whjeh the Pekinese cultivate as an 
skeleton of the magnificent vegetation of the cast-central gwtameiltal plant {JCanihACcras sarbifolia)^ and which he in- 
provinces, but it contains the greater portion of the plants troduced into France with much success. In his journey 
to the north of the empire and in the Mongolian mountains, he satisfied himself of the existence of wild camels, some 
Collections made by English and Russian collectors do of whfch were afterwards captured by the Russian traveller 
not include many of the specimens found by M. David. Pridval^i. M. David spent twenty-five months in 
Perhaps the most remarkable find was the Davidia \^ 4 stern China. He had intended to spend three years, 
involHcratii’^di pretty tall tree with large leaves, for the but his health broke down. In that time he travelled 
introduction of which an English amateur has offered a over 2500 leagues. He returned thence to Tien-tsin, 
big prize. Our European plants are not at all common in fortunately for mm after the massacres had taken place, his 
the East. No trefoils are found in China, nor heather, nor boat having been delayed on die way. 
broom. There are also many plants there which have no - 

representatives in Europe, but which have representa- " 

\n Pavia, Aralia,Dieiy£ra, THE AUSTf^ALASfAN ASSOCIATION FOR 

Northern China, with its dry climate, its cold winter, as THE ADVANCEMENT OF SCIENCE^ 

cold as that of Upsala, and its sqmmer as warm as that ^ r 7 oao 

of Senegal, has a poor and lirtl^frwaried vegetation when Sydnev, July 1888. 

compared with the centre ana Weft of the empire. The '^HE formation of this Association, which already 
nuniW of Phanerogams collected by M, David in the gives promise of being a great success, was first 

north of China did not exceed 1500 species, and he doubts suggested bv Prof. Liversidge, of the Sydney University, 
if there are many more. during the Exhibition in Sydney in 1879, but matters at 

In geography and geology, besides several occasional that time not being considered quite ripe for it, the 
reports, the “ Archives du Mustlttin ^ have published full formation of the Association was again brought forward 
accounts of his first and second journeya or exploration. Jthrough the press in they^ar 1884. It was then suggested 
These voluminous writings arc merely journals written that, as It did not seem likely that the British Association 
for some friends, for whom he wrote day by day everything vwbuld see their way to visit Australia during the Centen- 
that seemed worthy of attention^ whether botanical, geo- nial year, an Australasian Association should be formed, 
logical, or geographical, in the extensive rcgiouf which for on the same lines as the British Association, in order to 
five years he travelled over. Itinerary &arts, striking bring about a federation or union of the members of the 
altitudes, up to 1 5,000 fect^^hte direction and importance of various scientific Societies throughout Australasia, 
livers and mountain chaii^l^e position of the lesser knoWh It war also suggested that the first general meeting 

towns and countries, and of the coal and metal mines— • should be held in Sydney on the one hundredth anni- 
all have been noted down by him# From the writinfs of versaiy of the founogtion of the colony, as it was at 
M. David, M, Elisde Redes tMl^any of hMobsoniifio IS that fftne thought there would be an International 
0*1 the Chinese Empire in of his ** Gtfo^phie £xhibl^}bn in Sydney to celebrate that event. In further- 

Universelie/' and especial the natural hisfory portion lOf ance of this object a preliminary meeting of delegates 
that volume. Similarly Baron Richthofe|i has derived was held in Sydney in November 1886, the project having 
much of the jnformatio% in his work on gOOlbgy front M. met with the approbation and support of almost all the 
David. In Mongolia Mi David's guide Sambdat- learned and scientific Societies of Australasia, 
chiemda, the famous ex«kma describod by M. Hue, and As this meeting the formation of the Australasian 
this leads M. David to speak of thp lamas, ohd tell some Association for the Advancement of Science was agreed 
stories nbtmt them. v > ' to unanimously, the rules of the British Association 

M. DavM describesaciMfioussfapm 4 >etng adopted until the first general meeting, which it 

observed by him when crpMnH wn« decided should be held in Sydney during the year 

about 5$oo feet hi|^. and a iSBS. , . 

Buie rain had fallen. In accordajpee with another resolution passed at the 

the nunterouB peaks Mow silHim sea. mecriOg of legates, the election of officers for the year 

of advery whiter Little b]^ :l|UleRfhe .knaSi^B of clouds took ptipeiK^archof the present year, Mr. H. C. Russell, 
began to move and l;o split ^phdrc^ and'iherc*, vTbey rose F.RS., uoviUittment Astronomer, being elected President, 
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Sir Edward Strickland^ K.C.B., Hon. Treasanr^ and 
Prof. Liversidge, F.R.S., and Dr, George Bennett, Hon* 
Stfcretariee. 

The formation of the Council was afterwards proceeded 
with, each learned or scientific Society electing one repre* 
tentative for every hundred of its members ; and the Cnief 
Justice, Minister lor Public Instruction, the Chancellor 
and Vice-Chancellor of the Sydney University, the Mayor 
of Sydney, and the Presidents of the Royal Societies in 
other colonies were elected Vice-Presidents for the year. 

The Presidents of Sections were then elected, the 
gentlemen chosen being all resident in other colonies 
than New South Wales ; whilst the Secretaries of 
Sections, as a matter of necessity, were elected from 
amongst residents in Sydney. 

The Association is hence thoroughly Australasian in 
its character, and the succeeding general meetings are 
to lake place in turn in the capitals of the other colonies, 
the executive officers being elected year by year by the 
colony in which the meeting is held. 

The first general meeting is to be held at the Sydney 
University, the opening ceremony, at which His Excel- 
lency the Governor will be present, taking place on 
Tuesday evening, .August 28, when the Presidential 
address will be ddivered. 

On the following day the Sectional meetings for the 
reading and discussion of papers will commence, and it ip 
thought that the principal portion of the business will 
close with the end of the week. 

Up to the present time the titles of about ninety papers 
have been sent in by gentlemen of distinction in science, 
literature and art, in the different colonies, and it seems 
probable that this number will be considerably increased 
before the meeting. 

It may therefore be anticipated that the nature of the 
work done bv the Association during the first year of its 
existence will be of a highly important and useful character. 

The more solid work of the meeting is to be lightened 
by excursions to various places of interest to geologists, 
botanists, and others ; and efforts are being made to 
provide for the entertainment and comfort of visiting 
members, as far as possible, so that they may spend their 
tinie to the best advantage. 

The various steamship companies have arranged to 
carry members proceeding to Sydney to attend the 
meeting at a reduction of 20 per cent, on ‘the ordinary 
rates, and it is anticipated that liberal concessions will 
also be granted in the railway fares. 

The rules, as already mentioned, arc practically the^, 
same as those of the British Association, and all who join 
the Association before the first general meeting in 
August next become original members, without entrance 
fee, the subscription of entitling members to receive 
the publications of the Association gratis. 

The number of members at the end of July exceeded 
400. 


PROFESSOR RUDOLF JULIUS EMANUEL 
CLAUSIUS. 

TJY the death of Prof. Clausius, which occurred on 
^ August 24 last, science has lost another member of 
thegyeat triumvirate— Rankine, Clausius, and Thomson-— 
who; upon the foundation laid by the experimental work 
of Davy and Rumford, the theoretical suggestions' of 
Mohr, Sdguin, Mayer, and Col ding (which, though 
.ing, on imperfect data and defective reasoning, were 
fe^blta of real scientific insight), and the splendid experi- 
.mental investigatibns of Joule, founded and built up the 
great structure known as the science of thermodynamics. 

Clausius was born at COslin, in Pomerania, on January 
2, 182a. While yet at School in Berlin, he gave unmis- 
takable evidence of the bent of his mind towards mathe- 


matics and and on the completion of his Uni- 

versity course he became Privatdocent in the University 
of Berlin and Instructor in Natural Philosophy at the 
School of Artillery. He very soon gave evidence of hi« 
power as an original worker, and some of his earliest 
papers — ‘*'On the Nature of those- Constituents of 
Atmosphere by which the Refiection of the Light within 
it is effect^,*' and ** On the Blue Colour of the Sky, and 
the Morning and the Evening Red” — contributed 
ffendorff^s AnnffUn^ were selected for translation in toe 
nrst volume of Taylor’s “ Scientific Memoirs.” 

In 1857 he was appointed Professor of Natural Philo- 
sophy at the Polytechnic School of the Helvetic Con- 
federacy at Zurich. Here he continued his researches in 
various branches of physics, and among these we may 
mention, to give sonte idea of the extent and variety ot 
his investigations, **Thc Influence of Pressure on the 
Frecring-point,” “The Mechanical Equivalent of an 
Electric Discharge, and the Heating of the Conducting- 
wire which accompani^ it," “ Electrical Conduction in 
Electrolytes,” and ^*The Eflcct of Temperature on 
Electric Conductivity.” He also published some short 
papers on some purely mathematical questions, sug- 

f ested, however, by physical problems, and some papers 
ealing with points of what is generally known as phyrical 
chemistry. 

His attention was then directed towards the dynamical 
theory of gases, owing to the light which it appeared 
capable of throwing upon questions of thermodynamics. 
The dynamical or kinetic theory of gases, which bas 
received such extensive developments at the hands of 
Clerk Maxwell, Boltzmann, and others, was originally 
suggested by J. BemouilH about the middle of the last 
century ; but it was Clausius who first placed it upon a 
secure scientific basis. In 1866 he published a most im- 
portant paper “ On the Determination of the Energy and 
Entropy of a Body” (translated in the Philosophical 
Ma/^agine), in which the very valuable and suggestive 
conception of the entropy of a body was first set forth. 

In 1869 he was appointed Professor of Natural 
Philosophy in the University of Bonn. 

Among more recent papers of great importance we 
may mention the following, all of which have been trans- 
lated in the Philosophical Magazine On a New 
Fundamental Law of Electrodynamics ” ; “ On the Be- 
haviour of Carbonic Acid in relation to Pressure, Volume, 
and Temperature ” ; “ On the Theoretic Deteimination 
of Vapour-pressure and the Volumes of Vapour and 
Liquid”; “On the Difletent Systems of Measures for 
Electric and Magnetic Quantities”; “On the Employr 
ment of the Electrodynamic Potential for the Determina- 
tion of the Ponderornotive and Electromotive Forces”; 
“On the Theory of Dynamo-electrical Machines"; and 
“On the Theory of the Transmission of Power by 
Dynamo-electrical Machines.” 

When we consider the fa^^etthebing and fundamental 
character of these and many otlier investigations, and the 
very wide field which they cover, we cannot but wonder 
at tWmarveltous energy of the great physicist who baa 
passed from among ua The Royal Society catalogue 
contains a list of no less than seventy-seven papers pub- 
lished up to 1873, and those published subsequently bring 
the total number up to considerably over a hundred. 

In addition to these there is his great treatise on “ The 
Mechanical Theory of Heat," of which the first volume 
was published in 1864, and a smaUer work, “On the 
Potential Function and the Potential.” 

It would be iiDpossibte to discuss in detail the portions 
of thermodyhamks specially workei out by ClausiuSt 
his work is thmighoiit clt^y intfirwoven with that 
Rankine and Thomttm. but B will be of interest to (motfr 
the following firom Prof. Ranldne, who in his paper ** Oh 
the Economy of Heat in Expansive Machines,” T says 
< *' Rmklne't IIi«odlni»e‘4S S- 
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^ ’^Camot WAS the firvc to assert the law that the rath of 
Uht tnayimum mechanical effect to the whole heat exffended 
ih an expansive machine is a function solely of the two 
imtperatures at which the heat is respectively received 
ana emitted^ and is independent of the nature of the 
working substance. But his investigations, not being 
based on the principle of the dynamical convertibility 
heat, involve the fallacy that power can be produced out 
of nothing. 

“ The merit of combining Carnot’s law^ as it is termed, 
with that of the convertibility of heat and power belongs 
tq Mr. Clausius and Prof. William Thomson ; and in the 
shape into Which they have brought it, it may be stated 
thus : The maximum proportion oj Heat converted into 
expansive power by any machine is a function solely of 
the temperatures at which heat is received and emitted by 
the working substance^ which function for each pair of 
temperatures is the same for all substances in Nature f 

None will regret the loss of Prof. Clausius more 
keenly than the students of the University of Bonn, 
where he formed a centre of attraction not only as 
a ^eat investigator, but as a teacher of almost un- 
rivalled ability. The secret of his powers as a 
teacher may easily be guessed from the study 
of his published papers and treatises. Their great 
characteristic is the direct insight which they give into 
the very heart of the physical principles under discussion. 
The author, while showing himself a master of mathe- 
matical methods, ever keeps the physical meaning of the 
symbols before the eye of the reader, and never allows his 
analysis to carry him away into the regions of mere 
mathematical ingenuity. In this he was a worthy compeer 
of some of our own great mithematical physicists, like 
Thomson and Maxwell, and the greater part of his work 
has the additional advantage, for the majority of students, 
of being effected by the aid of comparatively simple 
analysis. 

In 1868, Prof. Clausius was elected a Foreign Member 
of the Royal Society, and in 1879 he was presented with 
the Copley Medal, the highest distinction at the disposal 
of the Society. He was decorated with various civil 
Prussian and Bavarian orders ; and after the Franco- 
German war, during which he had volunteered to serve as 
caretaker of the wounded, he received the German 
decoration of the Iron Cross, and the French decoration 
of the Legion of Honour. 

G. W. DE Tunzelmann. 


THE BRITISH ASSOCIATION 

Wednesday 

'T^HE meeting of the British Association which opens 
* to-night, after twenty-four years’ absence, in Bath, 
will be the fifty-eighth. At the meeting of 1864, tha 
President was Sir Charles Lyell, and the occasion was 
rendered memorable by the presence at once of Dr. 
Livingstone and Bishop Colenso,both at the time filling 
a iatge space in the public eye. Though a vast majority 
of the members of the Association would prefer to visit 
Bath to either Birmingham or Manchester, the Utter towns 
possess in Owens College and the Town 1^11 buildings 
v^hich offer greater conveniences for the meeting of a 
sfclehtific Congress. Jn Bath the Sections will be aome- 
W&tt scattered. The Pbystctid Science Section meets at 
St. James’s Hall; the Mechanical Sectibn in the 
hbtsenlc Hall ; the Chemical Jipqtlon in the Friends’ 
Ineetinff.Hotise ; Geology and Bidogy are housed at the 
Mtneml Water Hospjtal, with the Coat School for 
the lub^sections ; Geographyjtt the GuhdhhU, and Anthro- 
piiogy at the Grammar School; ^ President’s 

aiidress hnd some of the popnUr ItodTes, as well as the 
oimdeding Koeral meetings will he delivered at the Drill 
HhllL Klie Mayor givbs a convifmphtio, to-moirow in the 


Assembly Rooms^ and the Chairman and Local Conunittee 
give another on Tuesday. A large number of foreign 
visitors, especially geologists for the International 
logical Congress to be held in London on the lytb inst,, 
are expected. Amongst those already arrived are Prince 
RoUnd Bonaparte; Profs. Dufont, Gilbert, Capellmi, 
Stephenson, Lory, von Koenen, Frazer, Kallmwsky, and 
Waagen. 

The retiring President, Sir Henry Roscoe, M.P., F.R.S., 
in introducing Sir Frederick Bramwell, the President- 
Elect, spoke as follows:— 

" My Lords, Ladies, and Gentlemen, —Four-and-twcnly 
eventful years in the history of science have passed 
away since the British Association last visited the 
city of Bath. Those of us who were present here 
in 1864 will not soon forget that memorable meet- 
ing. It was presided over, as you all will re- 
member, by that veteran geologist, that great forc’ 
runner of a new science of life, Sir Charles Lyell, of 
beloved and venerated memory. Yes, ladies and gentle- 
men, it was he who prepared the way by his recognition 
of the true history of our globe for the even more illus- 
trious Darwin. It was he who pointed out that the causes 
which have modified the earth’s crust in the past are, for 
the most part, those which arc now changing the face of 
Nature. Lyell was a typical example of the expositor of 
Nature’s most secret processes. His work was that of an 
investigator of science pure and undefiled, and as such, 
his life and labours stand for ever as an example to 
all those who love Science for her own sake. 

But the far-seeing founders ofthis our British Associa- 
tion were as fully alive to the fact as we, in perhaps our more 
utilitarian age, can be, that, just as man does not live by 
bread alone, so it is not only by purely scientific discovery 
that the nations progress, or that science advances. They 
knew as well as we do that to benefit humanity the appli- 
cation of the results of scientific research to the great 
problems of every-day life is a necessity. Hence our 
founders, whilst acknowledging that the basis of our 
Association can only be securely laid upon the principles 
of pure science in its various branches, recognized the 
importance of the application of those principles in the 
establishment of a Section which should represent one of 
the most remarkable outcomes of the activity and force 
of the nation— a Section of Engineering. It is therefore 
meet and right that in due proportion this great depart- 
ment of our scientific edifice— a department which, 
perhaps, more than any other, has effected a revolution 
m our modern social system— should be represented in 
our Presidential chair. 

“Twenty-four years ago it was pure science that 
we honoured in Sir Charles Lyell : to-day it is 
applied science to which we show our respect in 
the person of Sir Frederick Bramwell. It would ill 
become me, engaged as 1 have been in the study 
of subjects far removed from those which fill the 
life of an active and successful engineer, to venture on 
this occasion pn a eulogium upon the work of my succes- 
sor, still less is it ip my mind to draw any comparison as 
to the relative importance to be attached to the work of 
the investigator, such as Lyell, and to that of him who 
applies the researches of pthers to the immediate wants 
of mankind. It is enough for me, as 1 am sure it will be 
for you, to remember that both classes of men are needed 
for the due advancement of science, and to rejoice that as 
in former years tlie names of Fairbaim, of Armstrong, 
and of Havrkshaw. have adorned our list of Presidents, 
so in the present instance, this branch of science, svhich 
represents lines of human activi^ r^dered illustrious 
by the labours of many great Englishmen, is to-day 
represented our eminent President. 

" I have ths honour of requesting Sir Frederick Bramwell 
to take the and to favour us with the Presidential 
addt»S8.” 
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Inaugural AtoRRss by Sjr FitunERjcK Bramwell, 
D.C.I-., F.K.Sm M.lNsr.C^E., Pr^sipent. 

TkB tat« Lord Idd«»loi(!;h delighted an audience, for a whole 
eveningi by an addreaa on ** Nothing.*' Would that I had hii3 
ttleou, and could dincpurse to you a^ charm in^^ly as he did to 
hif audience, but I dare not try to talk about “ Nothing,’* I do, 
however, propove, aadbe of the two sections of my address, to 
dkcourse to you on the importance of the “ Neict'to-Nothinp.*’ 
The other aeraon is far removed from this microscopic quantity, 
aait will embrace the “ Eulogy of the Civil Engineer,” and will 
point out the value to science of his works." 

I do not inftend to follow any system in dealing with these 
two aeettods. I shall not even do as Mr. Dick, in “ David 
COpparfield,” did— have two papers, to one of which it was 
suggested he should confine his memorial and his observations 
as to King Charles’s head. The ret»uU is, you will find, that the 
importance of the next-to*nothing, and the laudation of the civil 
engineer, will be mixed up in the most illogical and haphazard 
way, throughout my addresif. I will leave to such of you os are 
of orderly mindsf the task of rearranging the subjects n< you see 
fit, but I trust— arrangement or no arrangement— that by the 
time I have brought my address to a conclusion I sh.all have 
convinced you that there is no man who more thoroughly appre- 
cia*es the high importance of the “ next-to-nothing " than the 
civil engineer of the present day, the object of my eulogy this 
evening. 

If I may be allowed to express the scheme of this, address in 
modern mu«»ical language, I will say that the “ next-tO’ nothing" 
“motive ” will commonly usher in the “praise-song" of the 
civil engineer ; and it seems to me will do this very fitly, for in 
many cases it is by the patient and dheriminating attention paid 
to the qffect of the ** nexf-to-nothing " that the civil engineer of 
the present day has acliieved some of the labours of which I 
now wish to apeak to you. 

An Association for the Advancement of Science is necessarily 
one of such broad scope in its objects, and is so thoroughly 
catholic as regards science, that the only possible way in which 
it can carry out those objects at all Is to segregate its members 
into various subsidiary bodies, or sections, engaged on particular 
branches of science. Even when this division is resorted to, it 
is a hardy thing to say that every conceivable scientific subject 
can be dealt with by the eight Sections of the British Associa- 
tion. Nevertheless, as we know, for fifty- seven years the Asso- 
ciation has carried on Its labours under Sections, and has earned 
the right to say that it has done good service to all branches 
of science. 

Composed, as the Association is, of a union of separate Sec- 
tions, it is only right and according to the fitness of things that, 
a« time goes on, your P residents should be select ed, in some 
sort of rotation, from the various Sections. This year it was 
felt, by the Council and the members, that the time had once 
more arrived when Section G— the Mechanical Section— might 
put forward its claim tO be represented in the Presidency ; the 
last lime on which a purely engineering member filled the chair 
having been at Bristol in 1875, when that position was occupied 
bv Sir John Hawkshaw, It is irue that at Southampton, in 
1882, our lamented friend, Sir William Siemens, wa^ President, 
and it is also true that he was a most thorough engineer and 
representative of Section G ; but all who knew his great scien- 
tific attainments will probably agree that on that occasion it 
was rather the Physical Section A which was represented, than 
the Mechanical Section G. 

I am aware it is said Section G docs not contribute much to 
pure science by original research, but that it devotes itself more^ 
to the application of science. There may be some foundation 
for this assertion, but I cannot refrain from the observation 
that, when engineers such as Siemens, Rank ine, Sir William 
'I'homson, Fair bairn, or Armstrong, make a scientific discivery, 
Section A says it is made, not in the capicity of an engineer, 
nnd therefore does not appertain to Section G, but in the capA^ 
city of a. physicist, nnd therefore appertains to Section A— an 
illustration of the danger of a maivs filling two positions, of 
which the composite Prince-Bishop is the well-known type. 
But 1 am not careful to labour this point, or even to dispute 
that Section G docs not do much for ari^na/ research. 1 do not 
A»ree it is a fact, but, for the purposes of this evening, X will 
concede it to be so. But what ihen ? This Associaiitm is fpr 
the “ A ivansetn^nt of Science "—the advanctment^ be it remomf , 
tiered ; and P wish to }ioint out to you, and I trust 1 sbnli 
>ucceed in establishing, that for the advamtmtnt of science it is 


6^,' rSBe:-. 


absolutely neeeMtry there ^ouH be addBpav 

I and that, therefore, the Section, which as much as any otte 
I (or, to state the fact more tndy, which more than any other) in 
the Association app^Us sdence, is doing a very Urge^snare of th#, 
work of advancing science, and is folly entitled to ^ periodically 
represented in the Presidency of the whole Association. 

1 trust also I sholl prove to you that applications of science, 
and discoveries in pure science, net and react the one upon the 
other. I hope in this to curry the bulk of my audience with 
me, although there are some, I know, whose feeling, fixmi a 
false notion of respect for science, would probably find vent in 
the “ toast ” which one has heard in another place— this 
“toast” being attributed 10 the pure scientist— “ Kerens to 
the latest scientific discovery : may it never do any good to 
anybody ! " 

To give an early illustration of this action and reaction, 
which I contend occurs, take the well-worn story of Galiletn 
Torricelli, and the pump^ maker. It is recorded that Galileo 
first, and his pupil Torricelli afterwards, were led to investigate 
the qnestion of atmospheric pressure, by observing the failure of 
R pump to raise water by “suction," above a certain level. 
Perhaps you will say the pump-maker was not, applying science, 
but was working without science. I answer, he was unknow- 
ingly applying it, and it was from that which arose in this 
unconscious application that the mind of the pure scientist was 
led to investigate the subject, and thereupon to discover the 
primary fact of the pressure of the atmosphere, and the sub- 
sidiary facts which attend thereon. It may appear to many of 
you that the question of the exercise of pressure by the atmo- 
sphere should have been so very obvious, that but little merit ought 
to have accrued to the discoverer ; and that the statement, 
once made, must have been accepted almost as a mere truism. 
This was, however, by no means the case. Sir Kenclm Digby, 
in his “Treatise on the Nature of Bodies,*’ printed in 1658, 
disputes the proposition altogether, and says, in effect, he is 
quite sure the failure of the pump to raise water was due to 
imperfect workmanship of some kind or description, and had 
nothing to do with the pressure of the air ; and that there is no 
reason why a pump should not suck up water to any height. 
He cites the boy’s sucker, which, when applied to a smooth 
stone, Mill lift it, and he says the reason why the stone follows 
the sucker is this, Each body must have some other body in 
contact with it. Now, the stone being in contact with the 
sucker, there is no reason why that contact should be broken 
up, for the mere purpose of substituting the contact of another 
body, such as the air. It seems pretty clear, therefore, that 
even to an acute nnd well- trained mind, such as that of Sir 
Kenclm Digby, it was by no means a truism, and to be forth- 
with accepted, when, once stated, that the rise of water on the 
“suction side " of a pump was due to atmospheric pressure. I ' 
hardly need point out that the pump-maker should nave been a 
roemMr of “ G.” Galileo and Torricelli, led to reflect by what 
they saw, should have been members of “ A *’ of the then 
“ Association for the Advancement of Science." 

But, passing away from the question of ihe value of the 
applicaiion of science of a date some two and a half centuries 
ago, let us come a little nearer to our own limes. 

Electricity (known in its simplest form to the .Greeks by the 
results arising from the friction of amber, and named therefrom ) 
afterwards produced from glass cylinder machines, or from plate 
machines; and produced a century ago by the *Mnfluenoe” 
machine) remained, as did the discoveries of Volta and Galvani, 
the pursuit of but a few, fmd even the brilliant experiments of 
Davy did not sufiice to give very great impetus to this branch of 
ph^ical science. 

Ronalds, in 1823* constructed an electric telegraph. In i8j7 
the first commercial use was made of the telegraph, and from . 
that time electrical science received an impulse Auch as it had 
never before experienced. Further scientific fsets. wepe d«A* 
covered; fresn applications were made of these discoveries. 
These fresh Applications led to renewed vkour in research* 
there was the action and reaction of which 1 have spoken.' Xflt ; 
the year 1871 ,lhe Sode^ of Telegraph* Engineers was es^* 
bli&hed. ^ In the year t86t our own Association, had «]n>ointt 4 - 
a Comtiiittee to eettle the question of electrical standards df : 
reristaitce, whkh Conitnittee, .with enUiged functiomi, e^; 
tinned Its labours .for twenty years, and of tms Comikii^ee 1 ; 

the honour of being a amber. The resnlta of the. 

(hat Committee endure fsomewhet.:modlfied, it is true)* , 

l«* pointed to as one of tlm evidences of ^he value w 
.ddae by the ^tiah Association. j^oimids^s tidne* IM#; ^ 
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vut mn the edvanfei which have beeti made in deotrioal -ooiii^ i 
nMink^ioa of inteUiganoe, by land lines, by submarine cables | 
all over the world, and by (he telephone ! Few will be 
prepared to deny the atatement, that pure electrical science has 
reeeiired an enormous impulse, and has been advanced by the 
commetcial i4>plk:ation of electricity to the foregoing, and to 
purposes of lighting. Since this latter application, scores, I may 
say hundreds, of acute minds have been devoted to elect ri^l 
ecTence, stimulated thereto the possibilities and probabilities 
of this application. 

In ims country* no doubt, still more would have been done 
if the lighting of districts f^rom a central source of electri- 
city had not been, since l88a, practically forbidden by the 
Act passed in that year. This Act had in its title the facetious 
statement that it was ** to facilitate electrical lighting"-^ 
although it is an Act which, even moiihed as it has been this 
year, is still a ■ great discouragement of free enterprise, 
and a bar to progress. The other day a member of the 
House of Commons was saying to me ; “I think it is very 
much to our discredit in England that we should have allowed 
ourselves to be outrun in the distribution of electric lighting 
to houses, by the inhabitants of the United States, and by those 
of other countries/* l^ooking upon him as being one of the 
authors of the ** facetious " Act, 1 thought it pertinent to quote 
the case of the French parricide, who, being aslced what he has to 
say in mitigation of punishment, pleads, •* Pity a poor orphan 
the parricide and the legislator being both of them authors of 
conditions of things whioi they affect to deplore. I will say no 
more on this subject, for X feel that it would not be right to take 
advantage of my position here to-iiight to urge political 
economy views, which should be reserved for Section F, I will 
merely, and as illustrative of my views of the value of the ap- 
plication of science to science itself, say there is no branch of 
physics pursued with more zeal and with more happy results 
chan that of electricity* with its allies, and there is no branch of 
science towards which the public look with greater hope of prac* 
tical benefits ; a hope that, I doubt not, will be strengthened 
after we have had the advantage of hearing one of the ablest 
followers of that science, Prof. Ayrton, who, on Friday next, has 
been good enough to promise to discourse on “The Electrical 
Transmission of Power.” 

One of the subjects which, as much as (or probably more 
than) any other, occupies the attention of the engineer, and 
therefore of Section G, is tliat of (the so-called) prime movers, 
and I will say boldly that, since the introduction of printing by 
the use of movable type, nothing has done so much for civiliza- 
tion as the development of these machines. Let us consider 
these prime movers— and, first, in the comparatively humble 
function of replaci^ that labour which might be performed by 
the muscular exertion of human beings, a function which at one 
time was looked upon by many kindly but short 'sighted men as 
taking the bread out of the mouth of the labourer (as it was 
called), and as being therefore undesirable. I remember re- 
visiting my old schooFmaster, and his saying to me, shaking his 
head : “ So you have gone the way 1 always feared you would, 
and are making things of iron and brass, to do the work of men’s 
hands.” 

It must be agreed that all honest and useful labour is honour- 
able, but when that labour can be carried out without the 
exercise of any intelligence, one cannot help feCling that th^ 
result is likely to be intellectually lowering. Thus it is a sorry 
thing to see uninteUigent Ulx>ur, even although that labour be use- 
ful. It is but one remove from unintelligent labour which if not 
uaeful ; that kind of labour generally appmuted (by means of 
the tread-wheel or the crank) as a punishment for crime. 
Comsder even the honourable labour (for it is nBeful* and it is 
honest) of the man who earns his livelihood by turning the 
htiidie of a crime, and compare this with the labour of a smith* 
who, white probably develc^ng more energy by the use of his 
mutclea,. thim is developed by (be man turning thecrane-handlt, 
eKCieises at the same time the powers of judgment, of eye, and 
of hand in a manner wh^'h 1 never see without my admiration 
beihg exeiteth I say that the introduetlon of prime movers os a 
Wiece sttfasthute for uninteUigent inaoual Ikboor is in itself a great 
nid toeivUiiationand to the raising of humanky, by renderFogit 
diftontt; if not impossible, for h humnn Miig to obtain a 
UiMiood bp unimeiU^nt work— the work of the horse in the 
Of of m tmokpit* 

dieft are prime movers and priOie movera^-drojw of small 
d il i l li totl ons, end emgdoyod for purposes whe^o animal power or 
Xlijiillipin and those which otiain ends 

I , » 


that by no conceivable possibility could be attained at all by the 
exertion of muscular power. 

Compare a galley, a vessel propelled by oars, with the modeni 
Atlantic liner ; ana first let us assume that prime movers are 
non-existent, and that this vessel is to be propelled galley-fashion. 
Take her length as some 6do feet, and assume that place be 
found for as many as 400 oars on each side, each oar worked by 
three men* or 3400 men ; and allow t hat six men under these 
conditions could develop work equal tn one horse power: we 
should have 400 Imrse-powcr. Double the number of men, and 
we should have 800 horse-power, with 4800 men at work, and at 
least the same number in reserve, if the journey is to. be carried 
on continuously. Contrast the puny result thus obtained with the 
19,500 hor.se-power given forth by a largd prime mover of the 
present day, such a power requiring, on the above mode of cal- 
culation, 117,000 men at work, and 117,000 in reserve; and 
these to be carried in a vessel less than 600 feet in length. Even 
if it were possible to carry this number of men in such a vessel, 
by no conceivable means could their {>ower be utilized so as to 
impart to it a speed of twenty knots an hour. 

This illustrates how a prime mover may not only be a mere 
substitute for muscular work, but may afford the means of 
attaining an end that could not by any possibility be attained by 
muscular exertion, no matter what money was expended or what 
galley-slave suffering was inflicted. 

Take again the case of a railway locomotive. From 4<X> to 
600 horse-power developed in an implement which, even includ- 
ing Us render, does not occupy an area of more than fifty square 
yards, and that draws us at sixty miles an hour. Here again, 
the prime mover succeeds in doing that which no expenditure of 
money or of life could enable us to obtain from muscular effort. 

To what, and to whom, are these meritorious prime movers 
due ? I answer : To the application of science, and to the 
laliours of the civil engineer, using that term in its full and 
proper sense, ns embracing all engineering other than military. 
I am, as you know, a civil engineer, and I desire to laud my 
profession and to magnify mine office ; and 1 know of no better 
means of doing this than by quoting to you the definition of 
“civil engineering,” given in the Charter of the Institution of 
Civil Engineers— namely, that it is “the art of directing tha 
great sources of power in Nature for the use and convenience of 
man.” These words are taken from a definition or description 
of engineering given by one of our earliest scientific writers on 
the subject, Thomas 1 red gold, who commences that description 
by the words above quoted, and who, having given various 
illustrations of the civil engineer's pursuits, introduces this 
pregnant sentence ; — 

“ This is, however, only a brief sketch of the objects of civil 
engineering, the real extent to which it may be applied is limited 
only by the progress of science ; its scope ana utility will be 
increased with every discovery in philosophy, and its resources 
with every invention in mechanical or chemical art, since its 
liounda are unlimited, and equally so must be the researches of 
its professors,” 

“ The art of directing the great sources of power m Nature 
for the use and convenience of man.” Among all secular 
pursuits, can there be imagined one more vast in its scope, more 
beneficent, and therefore more honourable, than this? There 
are those, I know— hundreds, thousands — who say that such 
pursuits are not to be named as on a par with those of literature ; 
that there is nothing ennobling in them ; nothing elevating ; 
that they are of the earth earthy; are mechanical, and are 
unintellectual, and that even the mere bookworm, who, content 
with storing his own mind, neither distributes those stores to 
others noi' himself originates, is more worthily occupied than la 
the civil engineer. 

1 deny this altogether, and, while acknowledging, with grati- 
tude, that, in literature, the masterpieces of master minds nave 
afforded, and will aflord, instruction, deliglu, and solace for all 
generations so Ibng as civilization endures, I say that the pur- 
suits of civil eugmeering are worthy of occupying the hi^iest 
intelligence, and tHdt th^ arc elevating and emiouling in their 
character. 

Remember the kindly words of Sir Thomas Browne, who 
said, when condeawitig the uncharitable conduct of the mere 
bookworm, “ I make not, therefore, my head a giave, but a 
treasure of knowledge, and study not for mine own sake only, 
but for those who iaudy not for themsdves.” The engineer of 
the present daylinds that he must not make his “head a grave,” 
but that, if he wishes to succeed, he must have, and must 
eXerdbe, scientific knowledge ; and he realizes daily the truth 
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that those who arc to come after him must be trained in scieocet hour, equai to i fmund per indicted hom*^lp(^er pw. 

M that th^ may readily appreciate the full value of each as was ahovo by the trials at the Royal Agriciutmrat ^oelttKS 
sdeotUic discovery as it is made* Thus the application of meeting at Kewcastle last year— enals in which I had the 
seiance by, the engineer not only stimulates those who pursue pleasure of pwticipating. 

science, but adds him to their number. In these trials Mr. William Anderson, one of the Vice* 

Holding, as I have said I do^ the view that he who displaces Presidents of Section G, and I were associated, and, in making 
tmintelligent labous is doing good to mankind, 1 claim for the our report of the results, we adopted the balance-sheet sy/ttm, 
unknown engineer who, in Pontus, established the first water- which I sumested and used so long ago as 1873 (see voh Hi,, 
wheel of which we have a record, and for the equally unknown pp. 154 an^ijcs, of the Minutes of Proceedings of the Institu- 
engineef who first made use of wind for a motor, the title of non of Civil Engineers *’), and to which 1 allqded in my address 
pioneers in the raising of the dignity of labour, by compelling ns President of Section G at Montreal. 

the change from the non-intelligem to the intelligent. I have told you that the engineer of the present day appreciates 

With respect to these motors — wind and water— we have the value of the ** nejct-to-nothings." Ihere is an old hpuse- 

two proverbs which discredit them : “Fickle as the wind," keeping proverb that, if you lake care of the farthings and the 
Unstable as water." pence, the shillings and the pounds will take care of them^ves. 

Something more trustworthy was needed — something that we without the balance-sheet one know.-< that for the combustion of 
were sure ofnaviny; uncler our hands at all times. As a result, i pound of coal, the turning into steam of a given quantity of 
science was applied, and the “ fire " engine, ns it was first water at a given pressure is obtained. It is seen, at once, that 
called, the “steam" engine, a*? it was re-named, a form of the result is much below that which should be hadi but to 
heat " engine, as we now know it to be, was invented. account for the deficiency is the difficulty. The balance-sheet, 

Think of the early days of the steam-engine — the pre-Watt dealing with the most minute sources of loss— the farthings and 
days. The days of Papin, Savory, Newcomen, Smeaton ! the pence of economic working — brings you face to face with 
Great effects were produced, no doubt, as compared with no these, and you find that improvement must be sought in paying 
fire engine at all ; effects ro very marked as to extort from the attention to the “ nextdo-nothings." 

French writer, Belidor, the tribute of admiration he paid to ihe Just one illustration. The balancc’Sheet will enable you at a 
“ fire" engine erected at the Fresnss Colliery by English engin- glance to answ'cr this among many important questions : Has 
eers, A similar engine worked the pumi>s m York Place (now the fuel been properly burnt — with neither too much air, nor 

the Adelphi) for the supply of water to portions of London. We too little ? 

have in his work one of the very clearest accounts, illustrated by At the Newcastle trials our knowledge as to whether we had 
the best engravings (absolute working drawings), of the engine the right amount of air for perfect combustion was got by an 
which had excited his admiration. Tliese efra wings show the analysis of the waste gases, taken continuously throughout the 
Opendopped cylinder, with condensation taking place below whole number of hours’ run of each engine, affording, ibcrefore, 
the pisjton, but with the valves worked automaticiuly. a fair average. The analysis of any required portion of gases 

It need hardly be said that, noteworthy as such a machine thus obtained a as made in a quarter of an hour’s time by the aid 
was, as compared with animal power, or with wind or water of the admirable apparatus invented by Mr. Stead, and, on the 
motors, it was of necessity a most wasteful instrument as reganls occasion to which I refer, manipulated by him. In one instance 
fttel. It is diflfioult to conceive in these days how. for years, it an excess of air had been supplieil, causing a percentage of loss 
could have been endured that at each stroke. of the engine the of 6*34. In the instance of another engine there was a deficiency 
chamber that wss to receive the steam at the next stroke was of air, resulting in the production of carbonic oxide, Involving a 
CarefttHy cooled down beforehand by a water injection. loss of 4 per cent. The various percentages of loss, of which 

Watt, as we know, was the first to perceive, or, at all events, each one seems somewhat unimportant, in the aggr^ate 
to cure, this fundamental error which existed prior to his time amounted to 28 per cent., and this with one of the best Soi!^. 
in the “fire" engine. To him we owe condensation in a This is an admiralde instance of the need of attention to 
Separate vessel, the doing aw ay with the open- topped cylinder, apparently small things. 

and the making the engine double-acting ; the parallel motion ; 1 have already said that we now know the steam-engine is 

the governor ; and the engine-indicator, by which we have really a heat engine. At the York meeting of our Association 1 
depicted for us the wav in which the work being performetl ventured to predict that, unless some tubsianlive improvenaent 
within tbc cylinder. To Watt, also, we owe that great source were made in the steam-engine (of which improvement, as yet, 
of economic working— the knowledge of the expansive force of we have no notion), I believed its days, for small powers, were 
^am ; and to his prescience wc owe the steam-jacket, without numbered, and that those who attended the centenary of the 
which expansion, beyond certain limits, is practically worthless. British Association in 1931 Would see the present stenm-enginea 
1 have said “prescience "-fore-knowledge— but I feel Inclined in museums, treated as things to be respected, and of antiquarian 
to say that, in this case, prescience may be rendered “ pre- interest to the engineers of those days, such as are the open* 
Science,” for I think that watt /<?// the utility of the steam > topped steam cylinders of Newcomen and of Smeaton to our- 
jacket, without being able to say on what ground that utility selves. I must say I see no reason, after the seven years which 
was based*. have elai>$ed since the York meeting, to regret having ina 4 « 

I have already spoken in laudatory terms of Tredgold, as that prophecy, or to desire to withdraw it. 
being one of the earliest of our ^cienti^lc engineering writers. The working of heat engines, without the intervention of the 
but, as regards the question of steam-jacketing, Watt's prescience vapour of water, by the combustion of the gases arising from 
was better than Tredgold’s science, for the latter condemns the coal, or from coal and from water, is now not merely an esta^ 
steam-jacket, as being a means whereby the cooling surfaces are blished fact, but a recognized . imd undoubted, commercially 
enlar^, and whereby, therefore, the condensation is Inctoosed. economical, means of obtaining motive power. Siicb enginfS» 
I think it is not too much to sny that engineers wfio, i*inc« developing from 1 to 40 horse-power, and worked by tho 
Watt’s days, have produced machines of such marvellous ordinary j^as supplied by the gas mains, are in most extOtHive 
power— and, compared with the engines of Wan’s days, of so use m pnnting -works, hotels, dubs, theatres, and even in hum 
great economy— have, so far a- principles are concerned, gone private bouses, for the working of dynamos to supply eleCW 
ujK>n those laid down by Watt. Detail s of the most necessary %ht. SuCh engines are abp m use in factories, being fosan* 
cmracter— necessary to enable those principles to be carried out — times driven by the gas obtained from “ culm ” and fteanb 
liave, Indeed, been devised since the days of Watt. Althoogh are giving, ^irth a horse-power for, it U stated, , as sipaS A 
if is still a very sad confession to have to make, that the very conapmpti^ as 4 pound of fuel pet hour, 
best of our steam-engines only utilizes about one-sixth of tlm It k nardly nepessaty to remliM you-— ^ kt, me do it— 4 bafr 

work which resides (if the term may be used) in the fuel that is aUhqagb the wwing of half a pound of fitef per .honie-pof|!(nc 
ebnsumed, k is, nevertheless, a satisfaction to know that great , to tn^kotficanj;, when staled in . that bald 

eccmomical progress has been made, and that the 6 or 7 pott^^ : remixes that it is m the hmest importanoe when tbaf; haU-pbbti 4 
of fuel per horse power per hour consumed by the v«y b«« tMV9fi<yot\o be. 33 per cem. of the whioie piwriotts eoaiUMjipai^ 
engines df Watt's days, when working with the aid of condensa* * of of thote economical engima to whjkm i‘ have eektymC 
tkn, Is now brought down to about one-foorth of t|in epnsump* i *^6 giureiigiiie is no new thing. Al; king ago* 
tioti ; and this in portable engines, for agricultural, paipc^ de Kivax proposed its use for ^vlng a 
working without, condensation— engines of small size,, devefpp% roads. For auythipg I he flWW 

only 20 horse-power ; in ^uch engines the consumption has been proposer. It need hariUy.he *aid thgfejiri 
redimed to as little as 1*85 pound per brake horso*pdwer per, ilkmkating gas to iev apd .h^ 
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gini« A yettvs istcr a writer in ATickohffH's y^urtiai, in nn 
aitidfi on ** Flying Maf^hineg,’' having given the correct atcte- 
fflint at] that u needed to meko a aucoraafttl maohhie of thn 
dteeription m to find a sufficientty light motor, suggestc (hat (he 
diceimn in which this ntav be sought is the employment of 
ithnniiMtiBg gas, to operate oy its teacplosion on the piston of an 
ettgi^. The idea of the gas-engine was revived, and formed 
the aobject of a patent by Barnett in the year 1S38. It U true 
this gentleman did not know very much about the subject, and 
that he suggested many things which, if carried out, would have 
resulted in the production of on engine which could not have 
wofk^j but he had an alternative proposition which would 
have worked. 

Again, in the year 1S61, the matter was revived by Lenoir, 
and m the year 1^5 by Hugon, both French inventors. Their 
engines obtained some considerable amount of success and 
notoriety , and many of them were made and used ; but in the 
majority of cases they were discarded as wasteful and uncertain. 
Ihe Institution of Civil Engineers, for example, erected a 
Lenoir in the year f 86S, to work the ventilating ran, but after a 
short time they were compelled to abandon it and to substitute 
an hydraulic engine. 

At the present time, as I have said, gas-engines are a great 
commercial success, and they have becorne so by the attention 
given to small things, in popular estimation— to important 
things, in fact, with which, however, 1 must not trouble you. 
Messrs. Crossley Brothers, who have done so much to make 
the gas-engine the commercial success that it is, inform me that 
they are prosecuting improvements in the direction of attention 
to detail, from which they are obtaining greatly improved 
results. 

But, looking at the wonderful petroleum industry, and at the 
multifarious products which are obtained from the crude noalerial, 
is it too much to say that there U a future for motor engines, 
worked by the vapour of some of the more highly volatile of 
these products— true vapour — not a gas, but a condensable body, 
capable of teing worked over and over again? Numbers of 
such engines, some of as much as 4. horse -power, made by Mr. 
Yarrow, are now running, and are apparently giving good re- 
sults ; certainly excellent results as regards the compactness and 
lightness of the macbmcry. For boat purposes they possess the 
great advantage of being rapidly under way. 1 have seen one 
jp) to work within two minutes of the striking of the match to 
light the burner. 

Again, as we know, the vapour of this material has been used 
as a fas in gas-engines, the motive power having been obtained 
by duect combustion. 

Having regard to these considerations, was I wrong in pre- 
dicting that the heat engine of the future will ^mobably be one 
independent of the vapour of water? And, further, in these 
days of electrical advancement, is it too much to hope for the 
direct production of electricity from the combustion of fuel ? 

As the world has become familiar with prime m over s , the 
derive for their employment has increaeed. Many a householder 
could find useful occupation for a prime mover of | or } horse- 
power, working one or nro home m day ; "but the economical 
estabMiment of a steam-eiii^ is not possible until bouses of 
veiy huge dimensiont are iwched, where space exists for the 
eripstr and where, having rvgnrd ro the amount of work to be 
deme^ the incidental expenses^n be borne. Afi^heie this caiinor 
be, either the prime mover, with the advantages of its use, must 
be given up as a thing to be wished for, but not to be procured, 
or recourse must be bad to some other contrivance— say to the 
lairing on of poa^, in some form or another, from a central 
sottvoe. 

X »bave already fncldentalfy touched upon one mode of doing 
thh— namely^ the empfoymeot of iHuniictatmg gas, as the work- 
ing agent in the gas-engme j but there are vnrious other modes, 
possessing their retp<^tive merits ami demmits— all ingeoious, 
iril hivotvl^ science in their appiscatloii, and all more or less in 
praetiori use-^such as the on of sipecial JMgh^prmsure 
as is DOW being extensively practhed in LoodoD, in Hall, 
tm risewhera. Watisr at yco pounds i»eisurs per indi ^ a 
mri convenient mode of lysing on a large amount of, power, 
iOMNiigh compatativriy small pipes. Like electricity^ where, 
rihnn « high eleetromotive fern is need, a huge amoant of 
ehhigy be oeut through a small oonduttor, oo witit watery 
Miee premure, the maina sngy be Jkept of yoMonable 
whhottt nmdtriiig them too small to tteasmk the 
through 


Power » also transmitted by means of compressed air, an 
agent which, on the score of its ability to ventilate, and of Its 
cleanliness, has much to recommend it. On the other hand, it 
is an wnt which, having regard to the probability of the 
deposition of moisture in %e form of *‘snow,'' requires to be 
worked with judgment. 

Again, there u an alternative mode for the conveyaace of 
power by the exhaustion of air-^ mode which has been in 
practical use for over sixty years. 

We have also the curious system pursued at Schaffhausea, 
where quick-running ropes are driven by turbines, these being 
worked by the current of the River Rhine ; and at New York, 
and in other cities of the United Stales, steam is laid on under 
the streets, so as to enable domestic steam-engines to be worked, 
without the neoeiiity of a boiler, a stoker, or a chimney, the 
steam affording also means of heating the house when needed. 

Lastly, there is the system of transmitting power by electricity, 
to which 1 have already adverted. I was glad to learn, only 
the other day, that there was every hope of this power being 
applied to the working of an important subterranean tramway. 

These dtstributions from central sources need, as a rule, 
statutory powers to enable the pipes or wires to be placed under 
the roa^ ; and, following the deplorable example of the Elec* 
trical FacUttiet Act, it is now the habit of the enlightened Cor- 
poration and the enterprising town clerk of most boroughs to say 
to capitalists who are willing to embark their capital in the plant 
for tne distribution of power from a central source — for their 
own profit no doubt, but also, no doubt, for the good of the 
community— We will oppose you in Parliament, unless you 
will consent that, at the end of twenty-one ye^, we may acquire 
compulsorily your property, and may do so, if it turns out to be 
remunerative, without other payment than that for the mere 
buildings and plant at that time existing.'’ This is the way 
English enterprise is met, and then English enrineers are 
taunted, by Englishmen — often by the veir men who^ve had a 
share in making this '*boa-constnctoT ” of a Facilities Act * 
that their energy is not to be compared with that which is to be 
found in the United States and other countries. A^n, how- 
ever, I must remember that I am not addressing Section F, 

There is one application of science, by engineers, which is of 
extreme beauty and interest, and that cannot be regarded with 
indifference by the agriculturists of this country. I allude to the 
heat-withdrawing engines (I should like to say, “cold-pro- 
ducers,** but I presume, if 1 did, I should be criticised), whioh 
are now so very extensively used for the Importation of firesh 
meat, and for its storage when received here. It need hardly be 
said, that that which will keep cool and sweet the carcasses of 
sheep will equally well preserve milk, and many other peririiable 
articles of food. We nave in these machines doily instances 
that, if you wish to make a ship’s hold cold, you can do it by 
burning a certain quantity of coals— a paradox, if ever there 
was one. 

In this climate of ours, where the sitmmer has been said to 
consist of three hot days and a thunderstorm,*’ there is hardly 
need to make a provision for cooling our bouses, although there 
is on undoubtea need for making a provision to heat them. 
Neverthefou, those of us who have hot-water heating arrange- 
ments for use in the winter would be very glad indeed if, without 
much trouble or expense, they could turn these about, so as to 
utilise them for cooling their houses in summer. Mr. Loftus 
Perkins, so well known for his labours in the use of very high* 
ressure steam (600 to toco pounds on the inch), and also so writ 
nown forthose mostmefot high-peetsure warming arrangements 
which, without disfiguring our houses by the passage of laige 
pipes, keep them in a state of warmth and comfort throughout 
the winter, has lately taken up the mode of, 1 will say it, pio4, 
ducing “ cold ” hy the evaporation of ammonia, and, by ImpKive* 
mems in detail, has succeeded in making an apparatus which, 
without engine or pumps, produces “cold " for some hoars in 
succession, and requires, to put it in action, the preliminary 
oombuerion of only a four pounds of coke or a few feet of gai. 

As 1 have said, our dhaate gives us but little need to provide 
or emdoy appamtus to cool our houses, but one can well imagine 
that the An^o-IndiattwriU be glad to give up his punkah for 
some more ceriain, end less draughty, mode of cooling. 

1 now deslM to point out how, as the woric of the eittinem 
grows, his needa increase. New material, or better material of 
Che oM kind, haa to he found to enable him to carry out these 
worim of gresiter mimaitade. At the beginning of this cMtiiKyi 
Mtoopj fanck, and ^ber were practically the only tnateriue 
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employed f<n that which 1 may call stafiding engineering work 
buildingft, bridges, aqu^ucts, and so on— while timber, 
cast iron, and wrought iron were for many years the only avail- 
able materials for the framing and principal parts of moving 
maohlnes and engines, with the occasional use of lead for the 
pipes and of copper for pipes ami for boilers. 

As regards the dast iron, little was known of the science 
Itwolved (or that ought to be involved) in its manufacture. It was 
judged of by results. It was judged of largely by the eye. It was 
“^ite,” it was '‘mottled,” it was “gray.’ It was known to 
bo “ fit for refininjf," fit for “ strong castings,” or fit for castings 
in which great fluidity in the molten metal was judged to be of 
more importance than strength in the finished casting. AVith 
respect to wro^ight iron, it was judged of hy its results also. It 
was judged of by the place of its manufacture — but when the 
works of the district were unknown, the iron, on being tested, 
was classed as “good fibrous.” although some of the very best 
was *‘sieeMike,” or “bod,” “hot-short,” or “cold-short.” A 
particular district would produce one kind of iron, another 
district another kind of iron. The ore, the flux, and the fuel 
were all known to have influence, but to what extent was but 
little rraliKed ; and if there came in a new ore, or a new flux, it 
might well be that for months the turn-out of the works into 
which these novelties had been introduced would be prejudiced. 
Steel again — that luxury of the days of my youth-*-was judged 
by the eye. The wrought bars, made into “ blister ” steel by 
“cementation,” were broken, examined, and grouped accord- 
ingly. Steel was known, no doubt, to be a compound of iron 
and carbon, but the importance of exactnes.s in the percentage 
was but little understood, nor was it at all understood how the 
presence of comparatively small quantities of foreign matter 
might necessitate the variation of the proportions of carbon. 
Tlw consequence was that anomalous results every now and then 
arose to confound the person who had used the steel, and, falsify* 
ing the proverb “true as steel,” steel became an object of 
distrust. Is it too much to say that Bessemer’s great invention 
of steel made by the “converter,” and that Siemens’s invention 
of the open-hearth process, reacted on pure science, and set 
scientific men to investigate the laws which regulate the union of 
metals and of metalloids? and that the labours of these scientific 
men have improved the manufacture, so that steel is now 
thoroughly and entirely trusted ? By its aid engineering works 
are accomplished which, without that aid, would have been 
simply impossible. The Forth Bridge, the big gun, the 
compound armour of the ironclad with its steel face, the pro- 
jectile to pierce that steel face — all equally depend upon the 
“truth” of steel os much as does the barely visible halr-sprtng 
of the chronometer which enables the longitude of the ship 
in which it is carried to be ascertained. Now, what makes 
the difference between trostworthy and untrustworthy steel 
for each particular purpoae ? Something wbich^ until our better 
sense comes to our aid, we are inclined to look upon as ridicu- 
lously insignificant — a “next- to- nothing.” Setting extraneous 
ingredients aside, and considering only the union of iron and 
carbon, the question whether there shall be added or deducted 
one*tenth of i per cent, (pardon my clumsy way of using , the 
decimal system) of carbon is a matter of great importance in the 
r^ulting quality of the steel. This is a stnkii^ practical 
instance of how apparently insignificant things may be of the 
highest importance. The variation of this fraction of a per- 
centage may render your boiler steel untrustworthy, may make 
the difference between safety in a gun and danger in a gun, and 
may render your armour-piercing iirojectile unable to pierce even 
the thinnest wrought-iron armour. 

While thus brought incidentally to the subject of guns, let roe 
derive irom it another instance of the value of small things. I 
have in my hand a piece of steel ribbon. It is probable that 
only those who are near to me can see it. Its dimensions ere 
one-fourth by one-sixieenth of an Knglish inch, equal to an 
area of one sixty- fourth of a square inch. This mode of stating 
the dimensions 1 use for the information of the ladies. To 
make it intelligible to my scientific friends, I foust tell them 
that it is approximately ’00637 of a metre by approximately 
*00x59 ^ metre, and that its sectional area is *0000x0x283 (also 

approximately) of a square metre. This insignificant (and 
speaking in reference to the greater number of my audience), 
pxactically invisible piece of material— that 1 can be»d with my 
hand, and even tie into knots— is, nevertheless, not to be 
despised. By it one reinforces the massive and Important- 
looking A-tube of a 9'2-inch gun, so that from that tube can be 


projected with safety a projectile weighing 380 ponmls at a 
velocity, when leaving the rousrie, of oetween one-tHird and 
one- half of a mile in a second, and competent to traverse nearly 
12} miles before it touches the ground. It may be said, “ What 
is the use of being able to fire a projectile to a distance whi^ 
commonly is invisible (from some obstacle or another) to the 
person directing the gun ? ” I will suggest to you a use. Zmaglrte 
a gun of this kind placed by some enemy who, nnfortubaiely. 
had invaded us, and had reached Richmond. He has the range*' 
table for his gun ; he, of course, is provided with our Ordnance 
maps, and he lays and elevates the gun at Richmond, with the 
object of striking, say, the Royal Exchange. Suppose he doea 
not succeed in his exact aim. The projectile goes 100 yards lo 
one side or to the other; or it falls 250 yards short, or passes 
250 yards over ; and it would be ‘ ' bad shooting ” indeed, in these- 
days, if nearly every projectile which was fired did not fall some- 
where within an area such as this. In this suggested parallelo* 
gram of zcx),ooo square yards, or some 20 acres, there is some 
rather valuable property ; and the transactions which are carried 
on are not unimportant. It seems to me that business would 
not be conducted with that calmness and coolness which are 
necessary for success, if, say, every five minutes, a^8o-pound shell 
fell within this area, vomiting fire, and scattering its walls in 
in hundreds of pieces, with terrific violence, in idl directions. 
Do not supi>ose 1 am saying that similar effects cannot he ob- 
tained from a gun where wire is not employed. They can be. 
But my point is, that they can also be obtained by the aid of 
the insignificant thing which 1 am holding up at this moment— 
this piece of steel ribbon, which looks more suitable for the 
framework of an umbrella. 

I have already spoken to you, when considering steel ns a mere 
alloy of iron and carbon, as to the value of even a fraction of i 
per cent, of the latter ; but we know that in actual practice steel 
almost always contains other ingretlients. One of the most pro- 
minent of these is manganese, It had for years been used, in 
quantities varying from a fraction of i per cent, up to 2*5 percent., 
with advantages as regards ductility, and as regards its ability to 
withstand forging. A further increase was found not to augment 
the advantage : a still further increase was found to diminish it ; 
and here the manufacturer stopped, and. so far as I know, the 
pure scientist stopped, on the very reasonable ground that the point 
of increased benefit appeared to have been well ascertained, and 
that there could be no advantage in pursuing an investigation 
which appeared only to result in decadence. But this is another 
instance of how the application of science reacts in the interests 
of pure science itsel f. One of our steel manufacturers, Mr. Hadfield^ 
determined to pursue this apparently barren subject, and in 
doing so discovered this fact — that, while with the addition of 
manganese in excess of the limit before stated, and up to as 
much as 7 per cent., deterioration continued, after this latter 
percentage was passed improvement again set in. 

Again, the effects of the addition of even the very smallest 
percentages of aluminium upon the steel with which it may be 
alloyed are very striking and very peculiar, giving to the steel 
alloy thus produced a very much greater hardness, and enabling 
it to take a much brighter and more silver-like polish. Further* 
the one-twentieth part of i per cent, of aluminium, when added 
to molten wrought iron, will reduce the fuslng-polnt of the whole 
mass some 500^ and will render it extremely fluid, and thu» 
enable wrought iron (or what are commercially known as “ mitis ” 
castings of the most intricate character) to be produced. 

No one has worked more assiduously at the question of thd 
effect of the presence of minute quantities, even traces, of olloya 
with metals than Prof. Kobens- Austen, and he appears, 
his experiments, to be discovering a general Jaw. governing riitt 
effect produced by the mixture of particular metals, so that, in 
future, it is to be hoped, when an alloy is. for the first time, to 
be attempted, it will be possible to pr^ict with reasonable 
certainty what the result will be, instead of that result reixiaiiilog 
to be discovered by experiment. 

1 have Just, iflcidenially, mentioned aluminium. May I say 
that we engineers look forward, with much interest, to ml pro* 
cesses tending to bring this metal, or its alleys, within poosihle 
commercial use? 

One^more instance of the effect of importties in metals. Th# 
engineer engaged in electrical matters is eompeUed, in the coutOO 
of his daily woik, frequently to realise the impoytaoce of the 
“next to*nothing.” One striking instance of this is afforded bjT 
i the influence which on extremely mlimte percentage, of imparity 
I has on the electrical conductivity of co|q^ Wile $ thfe Chgt* ' 
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dactivity being in some cases reduced by as much as 50 per cent. , 
in consequence of the admixture of that which, under other 
circumstances, would be looked upon ns insignificant. 

Rerertinz to the question of big guns. According to the 
present mode of manufacture, after we have rough- bored and 
turned the A'tuhc (and perhaps I ought to have mentioned 
that by the A*tube is meant the main piece of the gun, the 
innermost layer, if I may so call it, that portion which is the f^uU 
length of the gun, and upon which the remainder of the gun is 
hunt up)— after, as I have said, we have rough-lwred and turned 
this A' tube, we heat it to n temperature lying between certain 
specified limits, but actually determined by the behaviour of 
samples previously taken, and then suddenly immerse it per- 
pendicularly into a well some 60 feet deep, full of oil, the ofl in 
this well being kept in n state of change by the running into it, 
at the bottom, of cold oil conveye<l by a pipe proceeding from 
an elevated oil lank. In this way the steel is oil -hardened, with 
the result of increasing its ultimate tensile strength, and also 
with the result of raising its so-called elastic limit. In perform- 
ing this operation it is almost certain that injurious internal 
strains will be set up — strains tending to produce self-rupture of 
the material. Experiments have been carried out in England, 
by Captain Andrew Noble, and by General Maitland of the 
Royal Gun Factory, by General Ivalakoutsky, in Russia, and 
also in the United States, to gauge what is the value, as repre- 
sented by dimensions, of these strains, and we find that they 
have to l>e recorded in the m<»t minute fractions of an inch, and 
yet, if the steel be of too “high " a quality (ns it is technically 
called), or if there has been any want of uniformity in the oil- 
hardening process, these strains, unless got rid of or ameliorated 
hy annealing, may, as 1 have said, result in the self-rupture of 
the steel. 

I have spoken of the getting rid of these strains by annealing, 
a process requiring to be conducted with great care, so as not 
to prejudice the effects of the oil -hardening. But take the case 
of a hardened steel projectile, hardened so that it will penetrate 
the steel face of compound armour. In that case annealing cannot 
be resorted to, for the extreme hardness of the projectile must not 
be in the least impaired. The internal strains in these projectiles 
are so very grave that for months after they are made there is no 
security that they will not spontaneously fracture. I have here the 
point of an S-inch projectile, which projectile weighs 210 pounds ; 
this with others was received from the makers as long ago os March 
of this year, and remained an apparently perfect and sound pro- 
jectile until about the middle of August— some five months after 
delivery, end, of course, a somewhat lonper time since manu- 
facture — and between Aumist 6 and 8 this piece which I hold 
in my hand, measuring 3! inches by 3^1 inches, spontaneously 
flew off from the rest of the projectile, and has done so upon 
a surface of separation which, whether having regard to its 
beautiful regularity, or to the conclusions to he drawn from it 
as to the nature of the strains existing, is of the very highest 
scientific interest. Many other cases of self-rupture of similar 
projectiles have been recorded. 

Another instance of the effect of the “ next-to-nothing '* in the 
hardening and tetnpering or annealing of steel. As we know, 
the iron and the carb on (leaving other matters out of considera- 
tion) are there. The carbon is (even in tool-steel) a very small 
pro^rtion of the whole. The steel may be bent, and will 
retain the form given to it. You heat it and phm^ it in colti 
water ; you attempt to bend it and it breaks ; hut if, after the 
plunging in cold water, you temper it by carefully reheating it, 
you may bring it to the condition fit either for the culiing-tool 
for meinl, or for the cutting- tool for woofl, or for the watch- 
spring ; and these important variations of condition which are 
thus obtained depend upon the “next-to-nolhing” in the tem- 
perature to which it is reheated, and therefore In the nature of 
the resulting combination of the ingredients of which the steel is 
composed. 

Some admirable experiments were carried out on this subject 
by the fnatUntion of Mechanical Engineers^ with the assistance 
of one of our Vice-Presidents, Sir Frederick Abel, and the 
object Itas also been dealt with by an eminent Russian 
writer. 

There f«, to my mind, another and very striking popular 
Instance (If t may use the phrase) of the importance of attention 
todetail-^hat is, to the " next-td-nothlng.” Consider the 
bleyetes and tricycles of the present day-^machines which 
aftbrd the means of healthful exerclAe to thousands, and which 
will, prtd>ably within a very short time, prove of the very 


greatest possible use for military jmrposes. The perfection to which 
these machines have been brought is almost entirely due to strict 
attention to detail ; in the selection of the material of which the 
machines are made ; in the application of pure science (in its 
strictest sense) to the form and to the proportioning of the parts, 
and also in the arrangement of these various parts in relatton 
the one to the other. The result is that the greatest possible 
strength is afforded with only the least possible weight, and that 
friction in working has been reduced to aminimum. All of us 
who remember tbe hobby-horse of former years, and who con- 
trast that machine with the bicycle or tricycle of tlic present day, 
realize how thoroughly satisfactory is tbe result of this attention 
to detail — thU appreciation of the “next-to-nothing. " 

Let me give you another iHiistraticn of the importance of 
small things, drawn from gunnery practice. 

At first sight one would be tempted to say that the density of 
the air on the under side of a shot must, notwithstanding its mo- 
tion of descent, be so nearly the same as that of the air upon the 
upper side as to cause the difference to be unworthy of con- 
sideration, but we know that the projectiles from rifled guns tend 
to travel sideways as they pass through the air, and that the 
direction of their motion, whether to the right or to the left, 
depends on the * hand ’ of the rifling. VVe know also, that the 
friction ogainst liquid or against gaseous bodies varies with the 
densities of these botltcs, and it is believed ih.it, minute as is 
the difference in density to which I have referred, it is sufficient 
to determine the lateral movement of the projectile. This lateral 
tendency must be allowed for, in these days of long ranges, in 
the sighting and laying of guns, if we desire accuracy of aim, at 
those distances at which it is to be expected our naval engage- 
ments will have to he commenced, and perhaps concluded. We 
can no longer afford to treat the subject as Nelson is said to have 
treated it, in one of his letters to the Secretary of the Admiralty, 
who had requested that an invcniion for laying guns more ac- 
curately should be tried. Nelson said he would be glad to try 
the invention, but that, as his mode of fighting consisted in 
placing his ship close alongside that of the enemy, he did not 
think the invention, even if it were successful, would be of much 
use to him. 

While upon the question of guns, I am tempted to remark 
upon that which is by no means a small thing (for it is no less 
than the rotation of the earth), which in long-distance firing may 
demand attention, and that to an extent little suspected by the 
civilian. 

Place the gun north ami south, say in the latitude of Ix)ndon, 
and fire a 1 2-mile round such as I have rrentioued, and it will be 
found that, assuming the shot were passing through a vacuum, a 
lateral allowance of more than 200 feet must be made to com- 
pensate for the different velocity of the circumference of the 
earth at 12 miles north or south of the place where the gun was 
fired, as compared with the velocity of the circumference of the 
earth at that place itself-— the time of flight being in round 
numbers one minute. 

At the risk of exciting a smile, I am about to assert that en- 
gineering has even its poetical side. I will ask you to consider 
with me whether there may not be true poetry in the feelings of 
the engineer who solves a problem such as this -.— Consider this 
rock, never visible above the surface of the tide, but making its 
presence known by the waves which rise around it : it has been 
the cause of destruction to many a noble vessel which had com- 
pleted, In safety, its thousands of leagues of journey, and was, 
within a few score miles of port, then dashed to pieces upon it ! 
Here is this rock. On it build a lighthouse. Lay your founda- 
tions through the water, in the midst of the turmoil of the sea ; 
make your preparations ; appear to tie attaining success, and 
find tbe elements are against you, and that the whole of your pre- 
liminary works are ruined or destroyed in one night ; but again 
commence, and then go on and on until at last you conquer ; 
your works rise above ordinary tide-level ; then upon these sure 
foundations, obtained it may bo offer years of toil, erect a fair 
shaft, graceful as a palm and sturdy as an oak ; surmount it with 
a light, itself the pmuce of the highest application of science ; 
direct that light by the built-up lens, again involving the highest 
application of science; apply mechanism, so arranged that the 
lighthouse shall from minute to minute reveal to the anxious 
mariner its exact twmeand its position on the coast. When you 
have done all this, will you not be entitled to say to yourself, 

It is I who have forever rendered innocuous this rock which 
has been hitherto a dread source of peril " ? Is there no feeling, 
do, yon think, of a poetical nature excited in the breast of the 
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eagineer who has successfutly ^ppled with a problem such as 
tbu? 

Another instance t the mouth of a broad Hvar, or, more pro- 
pcrlv speaking, the inlet of the sea, has to be crossed at such a 
level as not to impede the passage of the largest ships. Except 
in one or two places the depth is profound, so that multiple 
foundations for su^^porting a bridge become commercially im* 
possible, and the solution of the prnblem must be found by 
making, high in the air, a flight of span previously deemed 
unattainable. Is there no poetry here? Again, although the 
results do not strike the eyem the same manner, is there nothing 
of poetry in the work that has to be thought out and achieved 
when a wide river or an ocean channel has to be crossed by a 
subterranean jiassage ? Works of great magnitude of this char- 
acter hnvc been performed with success, and to the benefit of 
those for whose use they were intended. One of the greatest 
and most nol)le of such woiks, encouraged, in years gone by, by 
the Governments of our own country and of France, has lately 
fallen into disiavonr with an unreasoning public, who have not 
taken the pains to ascertain the true state of the case. 

Surely it will be agreed that the promotion of ready intercourse 
and communication between nations constitute ■ the very best and 
most satisfactory guarantee for the preservation of peace : when 
the peoples of two countries Cf>melo know each other intimately, 
and v^hen they, therefore, enter into closer business relations, 
they are less liable to be led away by panic or by anger, and 
they hesitate to go to war the one with the other. It U in the 
interests of l>oLh that questions of difference w'hich may arise 
between them should be amicably settled, and having an intimate 
■knowledge of each other, they are lejs liable to misunderstand, 
and the mode of determination of their differences is more 
readily arranged. Remember, the mean'? of ready intercourse 
and of ‘Communication, and the means of easy travel, are all due 
■to the application of science by the engineer. Is not therefore 
his profession a beneficent one ? 

Further, do you not think poeticil feeling will be excited in 
tine breast of that engineer whi will in the near future solve the 
problem (and it certainly will be solved when a sufficiently light 
motor is obtained) of travelling in the air --whether this solution 
be effected by enabling the »clf-su.spended balloon to be 
propelled and directed, or ])erhap8, l>citcr still, by enabling 
tK)t only the propulsion to be effected and the direction to be 
controlled, but by enabling the suspension in the air itself to be 
attained by mechanical means ? 

Take other functions of the civil engineer— functions which, 
after all, are of the most important character, for they contribute 
directly to the prevention of dUca’se, and thereby not only pro- 
long life, but do that which is probably more important — afford 
to the population a healthier life while lived. 

In one town, about which 1 have full means of knowing, the 
report has just been made that in the year following the comple- 
tion of a comprehensive system of sew'eroge, the deaths from 
zymotic diseases had fallen from a total of 740 per annum to a 
total of 372— practically one-half. Has the engineer no inward 
satisfaction who knows such results as these have accrued from 
his work ? 

Again, consider the magnitude and completeness of the water- 
supply of a large town, es)>ecially a town that has to depend 
upon the storing up of rain water : the prevision which takes 
into account, not merely the variation of the different reasons of 
the year, but the variation of one year from an uher ; that, having 
collated all the stored-up information, determines what must 
the magnitude of the reservoirs to allow for at least three con- 
secutive dry years, such as may happen ; and that finds the sites 
where these huge reservoirs may be safely built. 

Ail ihCflC— and many other illustrations which I could put 
before you if time allowed— appear to me to afford conclusive 
evidence that, whether it l)e in the erection of the lighthouse on 
the lonely rock at sea ; whether it be in the crossing of rivers, or 
seas, or arms of seas, by bridges or by tunnels ; whether U be 
the cleansing of our towns from that which is foul ; whether it be 
the supply of pure water to every dwelling, or the dislributioii of 
light or of motive power ; or whether it be in the production of 
I be mighty ocean steamer, or in the spanning of valleys, the 
piercing of mountains, and affording the firm, secure road for the 
express train ; or whether it be the encircling of the world with 
telegraphs— the work of the civil engineer is not of the earth 
earthy, is not mechanical to the exclusion of science, is not 
unintellectual ; but is of a most beneficent nature, is conahiem 
with true poetical feeling, acd is worthy of the highest order of 
intellect. 


SECTIOX A. 

MATHEMATICAL AND PHYSICAL SCIENCE. 

Opening Addxess by Prof. G. F. FtTroERALO, M.A,, 

F.R.S., President of the Section, 

The British Association in Hath, and especially we here in 
Section A, have to deplore a very great loss. We confidently 
anticipated profit and pleasure from the presence in this chair of 
one of the leading spirits of English science, Dr. Schuster. We 
deplore the loss, ano we deplore the cause of it, It is always 
sad when want of strength makes the indej^endent dependent, 
and it is doubly sad when a life’s work is thereby delayed ; and 
to selfish humanity it is trebly sad when, as in this case, we 
ourselves are involved in the loss. And our loss is great. Dr. 
Schuster has been investigating some very important questions. 
He has been studying electric discharges in ga<:es, and he has 
been investigating the probably allied {question of the variations 
of terrestrial magnetism. We anticipated his matured pro- 
nouncemonts upon these subjects, and also the advantage of his 
very wide general information upon physical questions, and the 
benefit of his judicial mind while presiding here. 

As to myself, his substitute, I cannot express how much 
gratified I feel at the distinguished honour done me in asking 
me preside. It has been one of the ambitions of my life to 
be worthy of it, and I will do my best to deserve your con- 
fidence ; man can do no more, and ui>od such a subject ** the 
less bale! the soonest mended.” 

I suppose most former occupants of this chair have looked 
over the addresses of their predecessors to see what sort of a 
thing was expected from them. I find that very few had the 
courage to deliver no address. Most have devoted themselves 
to broad general (piestUtns, such as the relations of nvaihematics 
to physics, or more generally deductive to , inductive science. 
On the other hand, several have dealt each with bis own 
specialty. On looking back over these addresses my attention 
was specially arrested by the first t wo past Presidents of this 
Section whose bodily jjrescnce we cannot have here. They 
were Presidents of Section A in consecvitive years. In 1874, 
Provost J el leu occupied this chair ; ami in 1875, Prof. Balfour 
Stewart occupied it. Both have gone from us since the lost 
meeting of this Association. Each gave a characteristic 
address. The Provost, with the clearness and brilliancy that 
distinguished his great intellect, plunged through the deep and 
broad ouestions surrounding the mechanism of the univerce, 
and witli im [passioned earnesrness claimed on behalf of science 
the right to prosecute its investigations until it attains, if it ever 
does attain, to a mechanical explanation of all things. This 
intrepid honesty, to carry to their utmost the principles of 
whose truth he was convinced, the utter abhorrence of the 
shadow of doublc-dealine with inith, was eminently character- 
istic nf one whom all, out espedaily we of Trinity College, 
Dublin, will long miss os a lofty example of the highest 
intellectual keenness and honesty, and mourn as the truest- 
hearted friend, full of sympathy and ChrUtian charity. In 
1875, Stewart gave us a striking example of the other dots 
of address in a splendid exposition or the subject be did so much 
to advance — namely, solar physics. He brought together from 
the two great storehouses of bis information and speculation a 
brilliant store, and displayed them here for the advancement of 
science. Him, too, all science mourns. Though, from wont of 
DCrsonal aoc^uaintance, 1 am unequal to the task of brioging 
before you his many abiliries and great character, you coo caco 
compose a fitting epitaph for this well-known great one of British 
science. In this connection 1 am only expressing what we lUl 
feel when I say how well timed was the Royal bounty recently 
extended to his widow. At the same time, the niggardly w- 
cognition of science by the public is a disgrace to themili^t^-^ 
ment of the nineteenth century. What Chancellor or Qwmtl 
w ith his tens of thousands has done that for his country and 
mankind that Faraday, Darwin, and Pasteur have done? The 
** public” now are but the children of those who tnarderyd 
Socrates, toler^cd the persecution of Galileo, and desckt^ 
Columbus. 

In a Presidential address on the borderlands of the knt^wti 
delivered from this chair the great Clerk Maxwell spoke .of it as 
an undecided quesribn whether electromagnetic pbenomene me 
due to a direct action at a distance or are «hie to the action of on 
Itiievenit^ medium. The year 1888 will he ever memomlde «S 
the year in which this great question has been expcfhnentsU^ de- 
cided by Hertz in Germany, and, 1 hope, by others in Eng^wnd* 




NATURE 


447 


It has been decided in favour of the hypothesis that these actions 
take place by means of an intervening medium. Although there 
is nothing new about the quest ion, and although most workers 
at it have long been practicall)^ satisfied that electro ^magnetic 
actions are due to an intervening medium, I have thought it 
worth while to try and explain to others who may not have 
considered the problem, what the problem is and how it has 
been solved. A Presidential address such as this is not for 
specialists — it is for the whole Section ; and I would not have 
thought of dealing with this subject, only that its immediate 
conaequenoes reach to all the bounds of physical science, and 
are of interest to all its students. 

We are all familiar with this, that when we do not know all 


about something there are generally a variety of explanations of 
what we do know. Whether there is anything of which there 
are in reAllty a variety of ex|)lanations is a deep question, 
which some nave connected with the freedom of the will, but 
which I am not concerned with here. A notable example of 
the possibility of a variety of explanations for us is recorded in 
connection with an incident said to have occurred in the neigh- 
bouring town of Clifton, where a remarkable meteorologic.t! 
phenomenon, as it appeared to an observing scientist, was 
explained by others as a bull’s-eye lantern in tne hands of Mr. 
Pickwick. Another kind of example is the old explanation of 
water rising in a pump, that Nature abhors a vacuum,” as 
compared with the modern one. Nowadays, when we know as 
little about anything, we say, "It U the property of electricity 
to attract.” This is really little or no advance on the old form, 
and is merely a way of stating that we know a fact but not its 
explanation. There are plenty of cases still where a variety of 
explanations are possible. For example, we know of no expert- 
ntentum erttcis to decide whether the people I see around me are 
conscious or arc only automata. There are other questions 
which have existed, out which have been experimentally de- 
cided. The most celebrated of these are the questions between 
the calorie and kinetic theories of heat, and between the emis- 
sion aLdd undulatory theories of light, rhe classical experiments 
by which the case has been decided in favour of the kinetic 
theory of heat and the undulatory theory of light are some of 
the most important experiments that have ever been performed. 
When it was shown that heat disappeared whenever work ap- 
peared, and vice versd^ and so the caloric hypothesis was dis- 
proved ; when it was shown that light was propagated more 
ilowlv in a dense medium than in a rare, the sciences of light 
and heat were revolutionised. Not but that most who 
studied the subjec: had given their adhesion to the true 
theoiy before it was finally decided in general estimation. 
In fact, Rumford’s and Davy’s experiments on heat, and 
Young and Fresnel’s experiments on light, had really 
decided these questions long before the erroneous views 
were finally abandoned. I hope that science will not 
bo »o slow in accepting the results of experiment in respect of 
el^ro-m^netism as u was in the case of light and heat, and 
that no Carnot will throw back science by giving plausible 
explanations on a wrong hypothesis. Rowland’s experiment 
Moving an electro- magnetic action between electric charges 
depending on their absolute and not relative velocities has 
already proved the existence of a medium relative to which the 
motion must take place, but the connection is rather mcia- 
physical, and is too indirect to attract general attention. The 
importance of these striking experiments was that thev put the 
language of the wrong hyjx>thests out of fashion. Elementary 
text-hooks that halted between two opiaions, and, after the 
manner of text-books, leant towards tnat enunciated in pre- 
ceding text- books, had all t>erforce to give prominence to the 
true theory, and the whole rising generation began their 
researches from a firm and true stand-point. 1 anticipate the 
same results to follow Hertz's experimental demonstration of a 
medium by which electro- magnetic actions are produced. Text- 
books which have gradually l^n invoking lines of force, in some 
respects to the aid of learners and in others to thdir bewilderment, 
wUl now fearlessly discourse of the stresses in the ether that 
cause el^ric and magnetic force. The younger generation will 
see clearly in electro-magnetic phenomena the working of the 
all -pervading ether, and this will give them a firm and true 
stand-point lor farther advances. 

Aim;now 1 want to spend a short time ip explaining to you 
how the qu^ion has been decided. An Ulustrative example 
tuny make the question itself clearer, and so lead you to under* 
stKM the answer better. In colloquial language we say that 


balloms, hot nir, &c., rise because they are light. In old times 
this was stated more explicitly, and therefore much more clearly. 
It was said that they possessed a quality called “levity.” 
“Levity” was opposed to “heaviness.” Heaviness mode 
things tend downwards, levity made things tend upwards. It 
was a sort of action at a (listance. At le.ist, it would Have 
required such an hypothesis if it had survived until it was known 
that heaviness was due to the action of the earth. 1 expect 
levity would have been attributed to the direct action of heaven. 
It was comparatively recently in the history of mankind that the 
rising of hot air, flames, &c. , was attributed to the air. Every- 
body knew that there was air, but it was not supposed that the 
upward motion of flames was due to it, We now know that this 
and the rising of balloons are due to the difference of pressure at 
different levels in the nir. In a similar way we have long known 
that there is an ether, an alt- pervading medium, occupying all 
known space. Its existence is a necessary conse(piencc of the 
undulatory theory of light. People who think a little, but 
not much, sometimes ask me, “Why do you believe in the 
ether? What’s the good of it?” I ask them, “What 
becomes of light for the eight minutes after it has left the sun 
and before it reaches the earth ? ” When they consider that, they 
observe how necessary the ether is. If light look no time to 
come from the sun, there would be no ncea of the ether. That 
it is a vibratory phenomenon, that it is affected by matter it acts 
through — these could be explained by action at a distance very 
well. The phenomena of interference would, however, require 
Much complicated and curious laws of action at a distance as 
practicallv to put such an hypothesis out of court, or else be purely 
mathematical expressions for wave propagation. In fact, any- 
thing except propagation in time is explicable by action at a 
distance. It is the same in the case of electro-magnetic actions. 
There were two hypothe'-es as to the causes of electro- magnetic 
actions. One attributed electric attraction to a property of a 
thing called electricity to attract at a distance, the other at- 
tributed it to a pull exerted by means of the ether, somewhat In 
the way thiit air pushes balloons up. We do not know what the 
structure of the ether is by means of which it can pull, but 
neither do we know what the structure of a piece of india-rubber 
is by means of which it can pull ; and we might as well ignore 
the india-rubber, though .we know a lot about the laws of its 
action, because we do not know its structure, as to ignore the 
ether because we do not know its structure. Anyway, what w.as 
wanted was an experiment to decide between the hypothesis of 
direct action at a distance and of action by means of a 
medium. At the time that Clerk Maxwell delivered his 
address no experiment was known that could decide between 
the two hypotheses. Specific inductive capacity, the action 
of intervening matter, the delay in telegraphing, the time 
propagation of electro-magnetic actions by means of conducting 
matcrial—lhese were known, but he knew that they could be 
explained by means of action at a distance, and had been so 
explained. Waves in a conductor do not necessarily postulate 
action through a medium such as the ether. When we are 
dealing with a conductor and a thing called electricity running 
over its surface, we are, of course, postulating a medium on or 
in the conductor, but not outside it, which is the special point at 
issue. Clerk Maxwell believed that just as the same air that 
transmits sound is able by differences of pressure — ix. by means 
of its energy per unit volume—io move bodies immersed in it, so 
the same ctner that transmits light causes electrified bodies to 
move by means of its energy per unit volume. He believed this, 
but there was no experiment known then to decide between this 
hypothesis and that of direct action at a distance. As I have 
endeavoured to impress upon you. no expeiimentum crucis 
between the hypotheses is possible except an experiment proving 
propagation in time, either directly, or indirectly by an experi- 
ment exhibiting phenomena like those of the interference of 
light. A theorist may . speak of propagation of actions in time 
without talking of a medium. This is all very well in mathe- 
matical formmse, but, as in the case of light we must 
consider what becomes of it' after it has left the sun and 
before it reaches the earth, so every hypoiheds assuming 
action in lime really postulates a medium whether we talk 
about it or not- There are .some difficulties surrounding the 
complete inteipretation of some of Hertz’s experiments. The 
conditions are complicated, but I confidently ex^ject that they 
will leswi to a decision on most of the outstanding questions on 
the theory of electro- magnetic action. However, there is no 
doubt that he ha? obi^eryM the interference of elcctro-magnetk 
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waves ijuite analo^aus lo those of light, and that he has proved 
that electro-magnetic actions are propagated in air with the 
velocity of light. By a beautiful device Hertz has produced 
rapidly alternating currents of such frequency that their wave- 
length is only about 2 metres. 1 may {>ause for a minute to 
call your attention# to what that means. These Waves are 
propagated three hundred thousand kilometres in a second. If 
they vibrated three hundred thousand times a second, the waves 
would be each a kilometre long. This rate of vibration is much 
higher than the highest audible note, and yet the waves are 
much too long to be manageable. Wc want a vibration about 
a thousand times as fast a^ain with waves about a metre long. 
Hertz produced such vibrations, vibiating more than a hundred 
mUllon times a second. 'I'hat is, there are us many vibra- 
tions in one second as there are seconds — in a day? No, 
far more. In a week? No, more even than that. The pen- 
dulum ol a clock ticking secontls would have to vibrate for four 
months before it would vibrate as often ns one of Hertz’s vibrators 
vibrates in one second. And liow did he detect the vibrations 
and their interference ? He could not see them ; they arc 
much too slow for thai ; they should go about a mdlion times 
as fast again to he visible. He could not hear them ; they are 
much too quick for that. If they went a millbn time* more slowly 
they would be well heard. He made use of the principle of 
resonance. You all understand how by a succession of well- 
timed small impulses a large vibration may be set up. It ex- 
plains many things, fro n speech to spectrum analysis. It is 
related that a former Maiquess of Waterford used the principle 
to overturn lamp-posts— his ambition soared above knojker- 
wrenebing. So that it is a principle known to others besides 
scientific men. Hertz constructed a circuit whose period of 
vibrati.on for electric currents was the same as that of his 
generating vibrator, and he wan able to see sparks, due to the 
induced vibratioOp leaping across a small air-space in this re- 
sonant circuit. ' The* well-timed electrical impulses broke down 
the air-resistance just as those of my Lord of Waterford broke 
down the Ump-post. The combination of a vibrating generating 
circuit with a resonant receiving circuit is one that I spoke of at 
the meeting of the British Association at Southport as one by 
which this very question might be studied. At the lime I did 
not see any feasible way of detecting the induced resonance ; I 
did not anticipate that it could produce sparks. By its means, 
however, Hertz has been able to observe the interference between 
wave j incident on a wall and the reflected waves. He placed his 
generating vi orator several wave-lengths away from a wall, and 
placed the receiving resonant circuit between the generator and 
the wall, and in this air-space he was able to ob»erve that at 
some points there were hardly any induced sparks, but at other 
and greater distances from his generator they reappeared, to dis- 
appear again in regular succession at equal intervals between his 
generator and the wall. It is exactly the same phenomenon as 
what are known as Lloyd’s bands in optics, which are due to the 
interference between a direct and a reflected wave. It follows 
hence that, just as Young's and Fresnel’s researches on the inter- 
ference of light prove the undulatory theory of optics, so Hertz’s 
eaperiment proves the ethereal theory of electro magnetism. It 
is a splendid result. Henceforth 1 hope no learner will fail to 
be impressed with the theory— hypothesis no longer — that electro- 
magnetic actions arc due to a medium pervading all known 
space, and that it is the same medium as the oinerby which light 
is propagated, that non-conductors can, and probably always do, 
09 Prof, Foyniing has taught us, transmit electro-magnetic eneigy. 
By means of variable current^ energy is propagated into stmee 
with the velocity of light. The rotation of the earth is being 
slowly stopped by the diurnal rotation of iu magnetic poles. 
This seems a hopeful direction in which to look for an explanation 
of the secular precession of terrestrial magnetism. It is quite 
different from Edlund’s curious hypothesis that free space is a 
perfect conductor. If this were true, there would be a pair of great 
antipoles outside the air, and terrestiial magnetism would not be 
muen like what it is, and I think the earth would have stopped 
rotating long ago. With alternating currents we do propagate 
eneilgy through non (X)Qductors. It seems almost as if our future 
telegraph-cables would be pipes. Just as the long sound-waves 
in spe^ing-tubea go round corners, so these electro -magnetic 
waves ^ round comers if they are not too sharp. Prof Lodge 
will probably have something to tell u$ on this point in connec- 
tion with ligntning-conductois. The silvered glass-bars used by 
surgeons to conduct light are exactly what 1 am describing. 
They are a glass, a non-conducting, and therefore transparent, 


bar surrounded by a conducting, and therefore opaque, silver 
sheath, and they transmit the rapidly alternatixqg currents we call 
light, l^ere would not be the same diflicuUy in utilizing the 
energy of these ele^tro-magnelic waves a* in utilising ra^nt 
heat. Having all the vibrations of the same period we might 
utilize Hertz’s resonating eircuiu, and in any case the aecondlav 
of thermodynamics would not trouble us when we could 
pracucally attain to the nbsidute zero of these, as compared with 
heat, long*periud vibrations. 

We sicm to be approiching a theory as to the structure of thh 
ether. I’liere are (tifficulties from diffusion in the simple theory 
that it is a fluid full of motion, a sort of vortex -sponge. There 
were similar difflculties in the wave theory of light Owl^tb WSfiy^ 
propagation round corners, and there is as great Ardmcnlty iti 
the jelly theory of the ether arising from the freeds^ olii^odon 
of matter through it. It may be found that there is diffusion, or 
it may be found that there are polarized distrib^dns of fluid 
kinetic energy which are not unstable when ^ surfaces are 
flxed t mote than one such is known. OsboroU has 

pointed out another, though in my opinion les.s Ajlr^ 

111 which to look for a theory of the ether. piSfftirauS' 

abominations. Per ha pi the impenetrability df a voAji^C wwdo 
suffice. Oliver Lodge speaks contidently of a sort of obuuiiqw 
union of two oppoiite kinds of elements forming the ether, 
opposite sides of a vortex -ring might perchance suit, or U^uybe 
the ether, after all, is but an atmosphere of some infra-hvdrdgeu 
element : these two latter hypotheses may both come to the sauie 
thing. Anyway we are learning daily what sort of properties the 
ether must have. It must be the means of propagation of light ; 
it must be the means by which electric and magnetic forcH 
exist ; it should explain chemical actions, and, if possible- 
gravity. 

On the vortex-sponge theory of the ether there is no rau , 
difficulty by reason of complexity why it should not explain 
chemical actions. In fact, there is every reason to that 

very much more complex actions would take place at (wances 
comparable with the size of the vortices than at the difttitices at 
which we study the simple phenomena of electro-magnetiam. 
Indeed, if vortices can make a small piece of a strong elastic 
solid, we can make watches and build steam-engines and any 
amount of complex machinery, so that complexity can be no 
essential difficulty. Similarly the instantaneous umpagation qi 
gravity, if it exists, U not an essential difficulty, for vortices eadt 
occupy all space, and they' act on one another simullantmusiy 
everywhere. The theory that iiuterial atoms are simple vbrteitr 
rings in a perfect liquid otherwise unmoving is insufficient, bfe 
witn the innumerable possibilities of fluid motion it seems almbit 
impossible but that an explanation of the properties of the tui- 
verse will be found in this conception. Anything purporting to 
be an explanation founded on such ideas as **an inhefent 
property of ma'.ter to attract.” or building up big elastic 
out of little ones, is not of the nature of an ultimate explani^W 
at all ; it can only be a temporary stopping- place. There a« 
metaphysical grounds, loo, fjr reducing matter to motion and 
potential to kinetic energy. 

1 hese ideas are not new, but it Is well to enunciate them from 
time to time, and a Presidential address in Section A is a fltting 
time. Besides all this, it has become the fashion to indalge in 
quaint cosmical theorieii and to dilate upon them before learned 
Societies and in learned jouma's. X would suggest, as one wbo 
has been bogged in this mtagmtre, that a successor in this chair 
might well devote himself to a review of the cosmical theories 
propounded within the Jast few years. The opportunUies ibr 
piduant criticism would be splendid. 

kelurning to the sure ground of experimental research, let us 
for a moment contemplate what is betokened by this theory thut 
in electro magnetic engines we are using as our mechaniam the 
ether, the mraium that hlls all known space. It was a gneut 
step in human progress when man learnt to make mafteckl 
machines, when he used the elasticity of his bow and the rigidity 
of his arrow to provide food and defeat his enemies. It wae a 
great advance when he learnt to use the chemical action of Are i 
when he learnt to use water to float his boats and aif to drffo 
the n ; when he used artificial »telectioa to provide himself 
food and domestic animals. For two hundr^ y^rs He has 
heat his slave to drive his machinery. Fire, water, earth, bhdi 
air have long been his skves, bu^ it Is only within the, last .ifeir ^ 
yeari that man has won the battle lost by the giants of old. Is^ 
Hatched the thunderbolt from Jove himself^ and eariavad, w 
aZI-pervadli^ ether. 
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SECTION C. 

GEOLOGY. 

Opening Address by VV. Boyd Dawkins, M.A., F.R.S., 
F.G.S., F.S.A., Professor ok Geology and Pale- 
ontology IN Owens College, President ok the 
Section. 

. Ik taking the chair occupied twenty-four years ago in this 
l^ce by my honoured master, Prof. PhlUips, 1 have mn much 
perplexed as to the most fitting lines on which to mould my 
addles It was open to me to deal with the contributions to 
oiir kxto^ledge since our last meeting in Manchester in such a 
taltiner afdo place before you an outline of our progress during 
theloat months. But this ia^k, difficult in iuelf. is ren- 

dered itiU more so by the special circumstances of this meeting* 
attended, it is, by so large a number of dislin^iished geo- 
asHembled nearly every part of the world for the pur- 
poses of the Geological Congress. It would be presumptuous of 
me, ielthO'^neeence of so many specialists, to attempt to sum- 
marke atuf co^prdinate their work. Indeed, we stand too near to 
it to awe to eee the true proportions of the various parts. I 
wlQ take this opportunity of offering to our visitors, in 

the name of this Section and of English geol^ists in general, a 
hknty welcome to our shores, feeling that not only will our 
be bene6te<i enormously by the simplihcation of geological 
nonMmclature, but that we ourselves shall derive great sid vantage 
by a closer personal contact than ve have enjoyed hitherto. 

Our science has made great strides during the lost twenty-four 
years, and she has profited much from the development of her 
sUters. The microscopic analysis of the rocks has opened out a 
IMw lield of research, in which physics and chemistry are in 
ftiendly rivalry, and in which fascinating discoveries are being 
mode almost day by day as to me:ainorphi8m, and the crushing 
and sharing forces brought to bear upon the cooling and con- 
tracting^^'dfust while the earth was young. The deep-sea explora- 
tions ftave revealed the structure and the deposits of the ocean 
abysses ; and the depths supposed to be without life, like the 
fabled deserts in the interior of Africa, are now known to teem 
with varied forms glowing with the richest colours. From a 
comparison of these deposits with the stratified rocks we may 
conclude that the latter are marginal, and deposited in depths 
, pot greater than looo fathoms, or the shore end of the Globt- 
^ina ooze, and most of them at a very much less depth, and 
that oonseouently there is no proof in the geological record of the 
ocean depths having ever been in any other than their present 
^iaoes 

In North America the geological survey of the Western States 
has brought to light an almost unbroken series of animal remains, 
ranging from the Eocene down to the Pleistocene age. In these 
WO 6nd the missing links in the pedigree of the horse, and 

S ieot evidence of transitional forms to cause Prof. Flower to 
re to its place in classification the order Ungulata of Cuvier, 
Theae may be expected to occupy the energies of our kinsmen on 
the other side of the Atlantic for many years, and to yield further 
proof of the truth of the doctrine of evolution. The use of 
this word reminds me bow much we have grown since 1864, 
when evolution was under discussion, and when biological, 
physical* and geological laboratories could scarcely be said to 
nave existed in this country. Truly may the scientific youth of 
to-day inake the boast — 

•* We are tnuth better off than our fathers were ; " while we, the 
ihtliefai have the poor consolation of knowing that when they 
ore fiahers their emtdren will say the same of them. There is 
reason to anppoM that our aciefioe will advance more swiftly in 
thedhtiure than it has id the past, because it has more delicate and 
precise methods of research than it ever had before, and because 
Its votaries are more, numeroas than they ever were. 

In 1864 the attention of geologists was mainly given to the 
investigations of the later stages of the Tcrtiai^ peViod. The 
bent m my pursuits inclines me to revelrt to this portion of 
geological inquiry, and to discuss certain points which have 
trisen during the last few years In connection with the classifi- 
catory value of fossUs, and the mode In which they may be best 
h^for the oo-orcUnation of strata in various parts of the world. 

The prihciple of homotaxy, dr*t cleurly defined Prof* 
Huxley, has been fully accepted as a guiding principle in place 
of hynehraoism or contemporaneily, and the fact of certain 
groups of plants and animals succeeding one another la a definite 


order, in countries remote from each other, is no longer taken to 
imply that each was living in the various regions at the same 
time, but rather, Unl'*ss there be evidence to the contrary, that 
they were not. While, however, there is a universal agreement 
on this point among geologists, the classificatory value of the 
various divisions of the vegetable and animal kingdoms is still 
under discussion, and, os has been very well put bv my pre- 
decessor in this chair at Montreal, sometimes the evidence of one 
class of or^nic remains points in one direction, while the 
evidence of another class points in another and wholly different 
direction, as to the geological horizon of the same rocks. The 
Bora, put into the witness-box by the botanist, says one thing, 
while the Mollusca or the Vertebrata say another thing in the 
hands of their respective counsel. There seems to be a tacit 
assumption that tlie various divisions of the organic world present 
the same amount of variation in the rocks, and that consequently 
the evidence of every part of it is of equal value. 

It will not he unprofitable to devote a few minutes (o this 
question, premising that each case must be decided on its own 
merits, without prejudice, and that the whole of the evidence of 
the Bora and fauna must be considered. We will take the flora 
first. 

The Cryptogamic flora of the later Primary rocks shows but 
slight evidence of change. The forests of Britain and of Europe 
generally, and of North America, were composed iiractically of 
the same elements — Sigillaria, Calamites. and conifers allied to 
the Ginkho — throughout the whole of the Carboniferous (16,^36 
feet in thickness in Lancashire and Yorkshire) and Devonian 
rocks, and do not present greater differences than those which 
are to be seen in the existing forests of France and Germany. 
They evidently were continuous both in space and lime, from 
their beginning in the Upper Silurian to their decayandultimate 
disappearance in the Permian age. This disappe.irance was 
probably due to geographical and climatic changes, following the 
altered relations of land to sen at the close of the Carboniferous 
age, by which Secondary plants, such as VoUzia and Walchia^ 
were able to find their way by migration from an area hitherto 
isolated. The Devonian formation is mapped off from the 
Carboniferous, and this from the Permian, but to a slight degree 
by the flor^ and nearly altogether by the fauna. While the 
fauna exhibits great and important changes, the flora remained 
on the whole the same. 

The forests of the Secondary period, consisting of various 
ctmifers and cycads, also present slight differences as they are 
traced upwards through the Triassic and Jurassic rocks, while 
remarkable and striking changes took place in the fauna, which 
mark the division of the formations into smaller groups. As the 
evidence stands at present, the cycads of the Lias do not differ in 
any important character from those of the Oolites or the Wealden, 
and the Satisburia in Yorkshire in the Classic is very similar 
to that of the Island of Mull in the Early Tertiary, and to that 
{Salhburia culiantifolia) now living in the open air in Kew 
Gardens. 

Nor do we find evidence of greater variation in the Dicotyle- 
donous forests, from their first appearance in the Cenomanian 
stage of the Cretaceous rocks of Europe and America, through 
the whole of the Tertiary period down to the present time. In 
North America^ the flora of the Dakota series so closely re- 
sembles the Mtooene of Switzerland, that Dr. Heer had no hesi- 
tation in assigning it in the first instance to the Miocene age. 
It consists of more than a hundred species, of which about one- 
half are closely allied to those now living in the forests of North 
America^sassafras, tulip, plane, willow, oak, poplar, maple, 
beech, together with Sequoia^ the ancestor of the giant redwood 
of California. The first palms also appear in both continents at 
this place in the geological record. 

In the Tertiary pupriod there is an unbroken sequence in the 
floras, as Mr. Starkie Gardner ha4 proved, when they are traced 
over many latitudes, and most of the types still survive at the 
present day, but slightly altered. If, however, Tertiary floras 
of different ages are met with in one area, considerable differ- 
ences are to be seen, due to progressive alterations in the climate 
and altered distribution of the land. As the temperature of the 
northern hemisphere became lowered, the tropical forests were 
pushed nearer and nearer to the equator, and were replaced by 
plants of colder habit from the northern regions, until ultimately, 
10 the Pleistocene age, the Arctic plants were pushed far to 
the south of their present habitat. In consequence of this, Mr. 
Gardner concludes that **it is useless to seek in the Arotie 
regions for Eocene floras as we know them in our latitudes, for 
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during (he Tertiary period the climatic conditions of the earth 
did not permit iheii growth there. Arctic fossil floras of tem- 
perate and therefore Mioqene aspect are, in all probability, of 
£ocene age, and what haa been recognized in them as a newer 
or Miocene fades is due to their having been 6rst studied in 
Europe in latitudes which only became fitted for them in Miocene 
times. When straflgraphical evidence is absent or inconclusive, 
this unexpected persistence of plant types or species throughout 
the Tertiflries should be remembered, and the degrees of latitude 
in which they are found should be well consideretl before 
conclusions are published resj>ccting their relative age.” 

Tljis view is consistent witn that held by the leaders in botany 
•1-Hooker, Dyer, Saporta, Dawson, and Asa Gray (whose 
recent loss we so deeply deplore) — that the North Polar region 
is the centre of dispersal, from which the Dicotyledons spread 
over the northern hemisphere. If it be true— and I, for one, 
am prepared to accept it — it will follow that for the co-ordination 
of tne subdivisions of the Tertiary strata in various parts of the 
w'orid the plants are uncertain guides, as they have been shown 
to be in the case of the Primary and Secondary rocks. In all 
cases where there is a clash of evidence, such as in the Laramie 
lignites, in which a Tertiary flora is associated with a Cretaceous 
fauna, the verdict, in my opinion, must go to the fauna. They 
are probably of the same geological age as the deposit at 
Aix-.la-ChapeIle. 

I would remark, further, before we leave the floras behind us, 
that the migration of new forms of plants into Europe and 
America took place before the arrival of the higher types in the 
fauna, after the break-up of the land at the efose of the Car- 
boniferous period, and after the great change in geography at 
the close of the Neocomian. The Secondary plants preceded 
the Secondary vetebrates by the length of time necessary for 
the deposit of the Permian rocks, and the Tertiary plants pre- 
ceded the Tertiary vertebrates by the whole period of the Upper 
Cretaceous. 

Let us now turn to the fauna. 

Prof. Huxley, in one of his many addresses which have left 
their mark upon our science, has called attention to the persist- 
ence of types revealed by the study of paleontology, or, to put 
it in other words, to the singularly little change whiclj the 
ordinal groups of life have undergone since the appearance of 
life on the earth. The species, genera, and families present an 
almost endless series of changes, but the existing orders are for 
the most part sufficiently wide, and include the vast series of 
fossils without the necessity of framing new divisions for their 
reception. The number of these extinct orders is not equally 
distributed through the animal kingdom. Taking the total 
number of orders at io8, the number of extinct orders in the 
Invertebrata amounts only to 6 out of 88, or al^out 7 per cent., 
while in the Vertebrates it is not less than 12 out of 40, or 
30 per cent. These figures imply that the amount of ordinal 
change in the fossil Vertebrates stands to that in the Inverte- 
brnta in the ratio of 30 to 7. This disproportion becomes still 
more marked when wc take into account that the former had 
less time for variation than the latter, which had the start by 
the Cambrian and Ordovician periods. It follows also that as 
a whole they have changed faster. 

The distribution of the extinct orders in the animal kirwdom, 
taken along with their distribution in the rocks, proves further 
that some types have varied more than others, and at various 
places in the geological record. In the Protozoa, Porifera, and 
Vermes there are no extinct orders ; among the Coelenterates 
one — the Rugosa ; fin the Echinodermata three— Cystid cans, 
Edrinsterida, and Blastoidea ; in the Arthrooodn two— the 
Trilobila and Eurypteridn. All these, with ine solitary ex- 
ception of the obscure order Rugosa, are found only in the 
Primary rocks. Among the Pisces there are none ; in the 
Amphibia one ; the Labyrinthodonts ranging from the Cav- 
boniferoua to the Triassic a^e. Among the Kept ilia there are at 
least six of Secondary age— Ple«iosauria, Ichthyosauria, Dievno* 
dontia, Pterosauria, Theriodontia, Deinosauria ; in the Aves 
two— the SauiurjE and Odontomithes, also Secondary, In the 
Mammalia the .^.mblypoda, Tillodontia, Condylorthra, and 
Toxodorttia represent the extinct orders— (he three first Eariy 
Tcniaiy, and the last Pleistocene. It is clear, therefore, that, 
while the maximum nmoum of ordinal variation is presented hy 
the Secondary Rcptilia and Aves, all the extinct orders in 
Tertiary are Mammalian. 

!f we turn from the extinct orders to the extinct species, ft 
will also be found that the maximum amount of variation jot 


presented by the plants, and all the animals, excepting the 
Mammalia, tn the Primary and Secondary periods. 

'rhe general impression left upon my mind by these facts is 
that, while all the rest of the animal kingdom had ceased to 
present important modifications at the cl^e of the Secondary 
period, the Mammalia, which presented no great changes 
m the Secondary rocks, were, to quote a happy phrase 
of Prof. Gaudry, en pleine Evolution *’ in the Tertiary 
age. And when, further, the singular perfection of the record 
allows us to trace the successive and gradual modifications 
of the Mammalian types from the Eocene to the close 
of the Pleistocene age, it is obvious that they can be 
used to mark subdivisions of the Tertiary period, in the 
same way as the reigns of kings are used to mark periods In 
human history. In my o]>inion they mark the geological 
horizon with greater precision than the remains of the lower 
members of the animal kingdom, and in cases such as that of 
Pikami, where typical Miocene forms, such as DeinolHeria, arse 
found in a stratum above an assemblage of marine shells of 
Pliocene age, it seems to me that the Mammalia are of greater 
value in classification than the Mollusca, some of the species of 
which have been living from the Eocene down to the present day. 

V'et another important principle rnii'Jt be noted. The fbsviU 
are to be viewed in relation to those forms now living in their 
respective geographical regions. The depths of the ocean have 
been where they are now ^ince the earliest geological times, 
although continual geographical changes have been going on at 
their margins. In other words, geographical provinces mttsthave 
existed even in the earlier geological period«, although (here is 
reason to believe that they did not difier so much from each other 
as at the present day. It follows from this that the only just 
standard for comparison in dealing with the fossils, and especially 
of the later rocks, is that which is offered by the fauna and of 
the geographical province in which they are found. The non- 
recognition of this principle has led to serious confusion. The 
fauna, for example, of the Upper Sivalik formation has been 
very generally viewed from the European stand -point and placed 
in the Miocene, while, jinlged by the stand-point of India, it is 
really Pliocene. A similar confusion has followed from taking 
the Miocene flora of Switzerland as a standard for the Tertiary 
flora of the whole of the northern hemisphere. 

It now remains for us to see how these principles may be 
applied to the co-ordination of Tertiary strata in various iarta ' 
of the world. In 1880 I proposed a classification of the Euro- 
pean Tertiaries, in which, apart from the special characteristic 
fossils of each group, stress was laid on the gradual approxima- 
tion of various groups to the living Mammalia. The definitions 
are the following ; — 

, Divisions. Characteristics. 

1. Eocene, or that in which the Extinct orders* 

higher Mammalia (Eutheria) now on Living orders and families, 
the earth were represented by allied No living genera, 
forms belonging to existing orders 
and families. 

Oligocene. 

2. Miocene, in which the alliance Living genera, 
between fossil and living Mammals No living species, 
is closer than before. 

3. Pliocene, in which living Living species few. 

species of Mammals appear. Extinct species predo- 

m inant. 

4. Pli.stocene, in which living Living fq>ffctes abund^ntt 

species of Mammal s preponderate. Extinct species present. 

Man present. 

5. Prehistoric, or that period out- Man abundant. 

side history in which Man has Domestic animals preaent 
multiplied exceedingly on the earth Wild Mammals in retreftL 
and introducedthe domestic animals. One extinct Mammal. 

6. Historic, in which the events Records. 

are reborded in history. r, 

These definitions are of more than European signifioaHio. 
The researches of Leldy, Mtr^, and Cope prove that they 
. apply equally to the Tertiary strata of North Atnerica^ The 
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Btid^r an<) Uinta strata contain reprcaentaiives of the 
ordm Cheiroptera and Inaectivora^ the sub-orders Artio* and 
PerifSodac^la, and the families Vespertilionidie and Tapiridae; 
but no livine genera.^ The Mammalia are obviously in the 
same stage of evolution as in the Eocenes of Europe, although 
there are but few genera, and no species common to the two. 

^e White River and Loup Fork groups present us with the 
living genera SdurttSt Cas/ot% Jfys^rixt Nmnoctros^ Dicotyles^ 
and others ; but no living species, as U the case v^dth the 
Miocenes of Europe. In the Pliocenes of Oregon the first 
living species appear, such as the Beaver, the Prairte Wolf, and 
two Rodents {,j/iomomys clttsius and 7 '. taipoides)^ while in the 
Pleistocene river deposits and caves, from Eschscholtz Bay in 
the n<wth to the Gulf of Mexico in the south, there is the same 
grouping of living with extinct species as in Europe, and the 
same evidence in the glaciated regions that the Mammalia 
occupied the land after the retreat of the ice. 

If we analyze the rich and abundant fauna yielded by the 
caves and river deposits both of South America and of Australia, 
it will be seen that the PIei>tocene group in each is marked by 
the presence of numerous living species in each, the first being 
remarkable for their gigantic extinct Edentata, and the second 
for their equally gigantic extinct Marsupials. 

The admirable work of Mr. Lydckker allows us also to see 
how these definitions apply to the fossil Mammalia of India. 
The Miocene fauna of the Lower Sivaliks has yielded the living 
genera Rhinoceros and ManiSy and no living species. 

The fauna of the Upper Sivaliks, although it has only been 
shown, and that with some doubt, to contain one living 
Mammal, the Nilghai {Bosclaphtts tra^^ocafnelui)^ stands in the 
same relation to that of the Oriental Region as that of the 
Plioowes of Europe to that of the Palx'arctic Region, and is 
therefore Pliocene. And lastly, the Narbada formation presents 
us with the first traces of Paleolithic Man in India in association 
with the living one-horned Rhinoceros, the Nilghai, the Indian 
Buffalo, two extinct Hippopotami, Elephants, and others, and is 
Pleistocene. 

It majr be objected to the Prehistoric and Historic divisions of 
the Twtiary period that neither the one nor the other properly 
fall within the domain of geology. It will, however, be found 
that in tracing the fauna and flora from the Eocene downwards 
to the present day there is no break which renders it possible to 
stop snort at the close of the Pleistocene. The living plants 
and animals were in existence in the Pleistocene age in every 
part of the world which has been investigated. The European 
MoIIusca were in Europe in the Pliocene a^c. The only 
difference between the Pleistocene fauna, on the one hand, and 
the Prehistoric, on the other, consists in the extinction of certain 
of the Mammalia at the close of the Pleistocene age in the Old 
and New Worlds, and in Australia. The Prehistoric fauna in 
Europe is also characterized by the introduction of the ancestors 
of the wesent domestic animals, some of which, such as the 
Celtic sW thorn {Bos hngifrons)^ sheep, goat, and domestic 
hog, reverted to a feral condition, and have left their remains in 
caves, alluvia, and peat-bogs over the whole of the British Isles 
and the Continent. These remains, along with those of Man in 
the Neolithic, Bronze, and Iron stages of culture, mark off the 
Prehistoric from the Pleistocene strata. There is surely no 
reason why a cave used by Paleeolithtc Man should be handed 
over to the geologist, while that used by men in the Prehistoric 
age should oe taken out of his province, or why be should be 
asked to study the lower strata only in a given section, and leave 
the upper to be dealt with by the archoeologint. In these cases 
the ground (s common \o geo'ogy and archaeology, and the same 
things, if they arc looked at from the stand-point of the history 

the earth, orlong to the first, and, if from the stand^point of 
the history of Man, to the second. 

If, however, there be no break of continuity in the series of 
events from the Pleistocene to the Prehistoric ages, still less is 
thete in those which connect the Prehistoric with the period 
tmbraeied by history^ The historic date of a cave or of a bed 

^luvmtn is as dearly indicated by the occurrence of a coin as 

geological position of a stratum is defined 1^ an appeal to a 
cha^erJstic fossU. The gradual unfolding of the present order 
of things from what went before compels me to rttnmize the 
w Inat the Tertiaty period extends ctown to the present day. 
The Historic period » being recorded fn the strata now bang 
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formed, exactly in the same way as the other divisbns of the 
Tertiary have left their mark in the crust of the earth, and 
history is incomplete without an api)eal to the geological record. 
In the masterly outline of the cle.struclion of Roman civilisation 
in Britain the nistorinn of the English Conquest was obliged to 
use the evidence, obtained from the upper strata, in caves which 
had been used by refugees from the cities and villas ; and among 
the materials for the future history of this city there are, to my 
mind, none more striking than the proof, offered by the silt in 
the great Roman bath, that the resort of crowds had become so 
utterly desolate and lonely in the ages following the English 
Conquest as to allow of the nesting of the wild duck. 

I turn now to the place of Man in the geological record, a 
question which has advanced but little since the year 1864. Then, 
as now, his relation to the glacial strata in Britain was in dis- 
pute. It must be confessed that the question is still without a 
satisfactory answer, and that it may well be put to “a suspense 
account.” We may, however, console ourselves with the reflec- 
tion that the River-drift Man appears in the Pleistocene strata 
of England, France, Spain, Italy, Greece, Algiers, Egypt, 
Palestine, and India along with Pleistocene animals, some of 
which were pre-glacial in Britain. He is also proved to have 
been post-glacial in Britain, .ind was probably living in happy, 
sunny, southern regions, where there was no icc, and therefore 
no Glacial period, throughout the Pleistocene age. 

It may further be remarked that Man appears in the geological 
record where he might be expected to appear. In the Eocene 
the Primates u ere represented by various Lemuroids (Adapts, 
Neeroltmur, and others) in the Old and New Worlds. In the 
Miocene the Simiadse (Dryopitheeu^y Pliopitheeus, Oreopithecus) 
appear in Europe, while Man himself appears, along with the 
living species of Mammalia, in the Pleistocene Age, both in 
Europe and in India. 

ITic question of the antiquity of Man is inseparably connected 
with the further question : Is it possible to measure the lapse of 
geological time in years?” Various attempts have been made, 
and all, as it seems to me, have ended in failure. Till we kn^w 
the rate of causation in the past, and until we can be sure that it 
has been invariable .and uninterrupted, I cannot see anything bat 
failure in the future. Neither the rate of the erosion of the land 
by sub-aerial agencies, nor its destruction by oceanic currents, 
nor the rate of the deposit of stalagmite or of the movement of 
the glaciers, has as yet given us anything at all approaching a 
satisfactory date. We only have a sequence of events recorded 
in the rocks, with intervals the length of which we cannot 
measure. Wc do not know the exact duration of any one geologi- 
cal event. Till we know both, it is surely impossible to fix a date, 
in terms of years, either for the first appearance of Man or for 
any event outside the written record. We may draw cheques 
upon “ the bank of force” as well as ‘*on the bank of 

Two of my predecessors in this chair, Dr. Woodward and 
Prof. Judd, have dealt with the }>osition of our science in relation 
to biology and mineralogy. Prof. Phillips in 1864 pointed out 
that the later in geologv and the earlier ages of mankind 
were fairly united together in one large field of inquiiy. In 
these remarks I have set myself the task of examining that side 
of our Fcience which looks towards history, My conception of 
the atm and results of geology is that it should present a uni- 
versal history of the various ^ases through which the earth and 
“its inhabitants have passed in the various periods, until ultimately 
the story of the earth, and how it came to be what it is, is 
merged in the story of Man and his works in the written records. 
Whatever the future of geology may be, it certainly does not 
seem likely to suffer in the struggle for existence in the scientific 
renascence of the nineteenth century. 


m)rES. 

MAjOR-GfeNERAL PRJEVALSKY started on Thursday last on his 
fifth journey of exploration in Tibet, with the intention of pene- 
trating, if possible, into Lhassa, the capital. The General, with 
bis officets and Cossacks, will this time take advantage of the 
new Central Asian railway os far as Samarcand, whence they 
will proceed to Semiretchinsk, and so to the Tibetan table-lands. 
General Prjevabky will, it is thought, on this occasion have the 
best chance ever afforded him of entering the forbidden residence 
of the' Dalai Lama. , 


452 


NATURB 


ColoKel HtAVis!i»E, of the Indian Survey Department, has 
retired after more than twenty years’ service in the Department, 
during which he had charge of several important geodetic and 
geographical operations, notably the completion and extension 
of the series of pendulum observations formerly carried on by 
Captain Basevi. 

A SERIOUS earthquake, which was felt throughout both islands, 
occurred in New Zealand on the morning of the 1st instant. 
There were five distinct shocks, extending over the space of 
neuly half an hour. At Christchurch the spire of the Cathedral 
was destroyed, and other buildings were damaged. The in* 
habitants at first fled from their homes, but returned later when 
the danger appeared over. Another shock has since been re- 
ported from Westport, on the south-west coast of the Nelson 
district. 

During the month of August at the Gran ton Marine Station, 
the use of which was kindly granted by Dr. Murray of the 
ChalUnger^ Mr, Patrick Geddes and Mr. T. Arthur Thomson 
conducted a class of over thirty students of both sexes — teachers, 
medical students, and others from various parts of Scotland and 
England — through a course of lectures and laboratory work in 
botany and zoology. The work at Granton was supplemented 
by visits to the Botanical Gardens, Museum, &c., and by field 
and marine excitrsions, including a day s dredging in the Firth of 
Forth. This is the second year of the course, and it is meant to 
be continued in future years. 

A CORRESPONDENT of the Daily Ncivs gives the following 
account of the recent eruption of Bandai-San in Northern 
Japan: — "The rumbling and trembling of the earth have now 
stopped, bill the mountain still belches forth smoke, and there are 
evidences that mighty subterranean forces are still at work. The 
place where the disaster occurred has l>een and is greatly 
changing, mountains have risen where there were none before, 
and large lakes appearing where once there were only rice fields. 
This being so, it is with the greatest <li faculty that guides can 
be proaircd, as none can tell where a road now leads and how 
far it is passable. Landmarks are obliterated, and villages whicli 
but a week ago ne‘«iled among the rich and plentiful vegetation 
of the mountain- side are now beneath twenty feet of ash and 
cinders. The wounded are receiving treatment in the school- 
house at Inawashiro, but their condition is terrible. Some have 
fractured skulls, the majority broken limbs, while others are 
fearfully burned. Five villages have been totally buried. The 
state of the bodies recovered resembles the appearance of victims 
of a huge boiler explosion. Many are cut to pieces, and others 
parboiled, so that it is difficult to distinguish sex. But the most 
ghastly sights which met the eye of the helpers were bodies 
dangling on the branches of blackened and charred trees. 
Thrown into the air by the awful violence of the eruption, their 
descent had in many cases been arrested by the trees, and there 
the victims hung, their bodies exposed to the cruel and well- 
nigh ceaseless rain of red-hot cinders and burning ashes. From 
appearances death speedily relieved them from their agony, yet, 
short as the time was, their sufferings must have been past belief. 
In other places flesh han^s from the branches of trees as paper 
from London telegraph wires. Bandai-San is composed of five 
separate peaks, of which the largest is called Great Bandai. The 
second is a perfectly smooth mouniain. The third is called 
Kushigamine, and is the second in height. The fourth is called 
the Middle or Northern Bandai, and is the one which broke forth ; 
while the fifth, which is called the Small Bandai, is close to the 
fourtli. Great Bandai is only covered with while ashes, but No. 3 
has been greatly shaken, while all the trees above the centre of the 
mountain have been destroyed. From No. 3 large stones and 
boulders have been hurled to the bottom, and from half-way down 
the mountain its sides arc covered with bluish earth. No, 4, 
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from which the eruption really occurred, has been ^tiitly 
blown away, the lighter pieces ejected from it being swept away 
over the neighbouring mountains, whilst the heavier pieces were 
carried some five or seven miles, and have formed a table-land at 
its base, covered with stones and ashes. No report has been 
received as to any foreigners having been within the fatal region 
at the time of the occurrence,’* 

M. Chevreul entered his 103rd year last week. On Tues- 
day he was able to walk through the Sanitary Exhibition at the 
Palace of Industry. 

The twenty-fifth annual meeting of the British Pharmaceutical 
Association is being held in Bath this week. On Monday evening 
the President, Mr. F. Baden Benger, and other officers of the 
Conference held a reception at the Grand Hotel, followed by a 
€onversa%ioHe^ The opening meeting took place on Tuesday 
nKirning. The Presidential address dealt largely with the pro- 
gress of the Association since its establishment, and with the 
preliminary education of pharmacists. 

The thirty-seventh meeting of the American Associat'on for 
the Advancement of Science was held at Cleveland, Ohio, on 
August 15 and following days, Scunee states that the meetings 
were not as well attended as in past years, but the whole 
gathering was nevertheless successful. The largest attendance 
of members .appears to have been 303. The scientific depart- 
ments at Washington were well represented, and the most 
prominent scientific men of the country were present. According 
to the secretary’s report, the financial condition of the Association 
is excellent. The research fund, consisting of the contributions 
of life members, amounts to more than 44CX> dollars. The 
subject of the address of Prof. Langley, the retiring President, 
was the history of the theory of radiant heat, which we hope to 
reprint in exUnso^ if space permits, on a future occasion. Prior 
to the meeting, advantage was taken of the presence of a number 
of American geologists to take the preliminary steps for the 
establishment of an American Geological Society. In its general 
report of the meeting, Science refers specially to a lecture 
delivered by Prof. Stanley Hall. ** It was the first time that 
the new psychology had been given a place on the programme of 
the Association. . . . Prof. Hall gave a brief review of the 
scope of experimental psychology. He dwelt on the researches 
made in the' study of psychologic physiology, and on the 
functions of brain and nerves ; he mentioned the methods of 
psychophysic inquiries, and the important bearing of ethnologic^ 
studies upon psychological questions. He concluded his sketch, 
which was listened to with the greatest attention, with a reference 
to the study of hypnotism, which is one of the most promUing 
fields of psychic research." Major Powell is the President for 
the current year, and Prof. Mendenhall for next year. 

Mr, Cook, the President of the Section of Geology and 
Geography, took for the subject of his address the Intemational 
Geological Congress, and the part of American geologists in it. 
He recalls the fact that in 1876 the Association originated the 
Congress of Geologists in Paris in 1878 for the settling of obscure 
points relating to geological classification and nomenclature ; 
since that time similar Congresses have been hehl in Bologna 
and Berlin, and one is about to be held in London, but> 

Mr. Cook, a meeting of tlie Congre.ss must be held in the 
United States, arid American geology must be fully represented, 
before any conclusion can be readied which will be accepted by 
the scientific world, and therefore an attempt wilt be made at 
the London Congress to have the meeting of 1891 held in the 
United States. The discussion att the important topics iheie 
mentioned should not be regarded as closed until aftor the 
American meeting, and he defines the buuneas of American 
geologist*, prior to the meeting, to be the preparation of a case 
which will fairly "present the claims of American geology to 
representation in a general system of geology." 
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The Session of the pentral Institution of the City and Guilds 
of London Institute will commence on October 2. The Cloth- 
workers*, Siemens’s, Mitchell, and Institute’s Scholarships will be 
competed for at an examination held on September 25 to 28* 
i^ccotding to the Annual Report for the past year there has 
again been a large increase in the total number of candidates 
examined. In 1887, 5508 were examined, of whom 30^ passed ; 
in x888, 6166 were examined, of whom 3510 passed. The 
number of centres increased in tlie same period from 216 to 240, 
while another subject, vir. practical bread-making, was added 
to the list of subjects, which now number 49. This year, 
for the second time, examinations were held in New South 
Wales, candidates presenting themselves from Sydney, Bathurst, 
and Newcastle. The worked papers, as well as specimens of the 
hand* work of the candidates, were forwarde<l to this country in 
time for the inclusion of the results in the present Report. The 
number of colonial candidates has increased from 48 to 51, and 
the number of those who have passed from 31 to 34. 10,404 

students were receiving instruction in the United Kingdom in 
475 classes, in 183 different towns. I.ast year the corresponding 
numbers were 86 13 students, 365 classes, and I 3 i town^^ i and 
these figures do not include the students at the Finsbury 
Technical College, the Yorkshire College, Leeds, and other 
Colleges the Professors of which do not receive grants on results, 
and the candidates from which are classed as external.” With 
the establishment of new Polytechnic Institutions in different 
parts of London, it is anticipated that there will be a large 
increase in the number of students in the technical classes 
registered by the Institute and in the number of candidates for 
examination. In most of the chemical subjects the number of 
candidates is diminishing, and the majority have received their 
instruction in institutions which obtain no help from the Institute 
by way of payment on results. 

The most interesting paper in the recent number of the 
Journal of the Anthropological Society of Bombay is Mr. 
Fawcett’s account of the Saoros or Sowrahs of the Ganjam 
Hill Tracts, A good deal of Mr. Fawcett’s paper is devoted 
to the investigation of the religious ideas, sacrifices, and funeral 
rites of the Saoros, and his account furnishes an interesting 
illustration of several well-known phenomena of early fprms of 
religious belief. The objects of worship fall into two classes : 
malevolent deities, such as Jalia, Kanni, and Laukan, the sun, 
and ancestral spirits. Every human being possesses a 
or soul, which departs from the body at death, but which stily 
retains the ordinary tastes of the Saoro — €.g‘. for tobacco and 
liquor — and which must be satisfied, or it will haunt the living. 
In the more primitive parts of the country, everything a man 
pOBsesaes^weapons, cloihs, his reaping-hook, and some money 
— are burnt with him ; but this is falling out of use, A hut is 
built for the Jh^&a to dwell in, and food is placed there ; but 
the more important ceremony is the guar, which occurs later, 
the great feature of which is the erection of a stone to the 
memory of the deceased. Near each village, clusters of such 
stones* standing upright in the ground, may be seen. The^^^ 
gives the kt 4 /^ considerable utisfaction ; but it is not quite 
satisfied till the ^arja is celebrated: this being a great bien- 
nial feast to the dead, when, after the sacrifice of many buffaloes 
and the consumpUon of much liquor, every house in which 
there has been a death is burnt ; the is finally driven 

away to the Jungle or the hill-side. Sacrifices are "made to 
appease dearies or kulias who have ddne harm, and in every 
pu^y^field, when the paddy is sprouring, as well as at harvest, 
an opting of a goat must be made. It does net appear, how- 
over, thsft hitmati aacrifioe, once so oommbn among the Khonds, 
was ever practised by the Saoros- Like alt other savages^ the 
Saoiws have their priests, or diviners, called Jiuikngs, whose 
occuy^tl^ seems to be partly hereditary. The k$ 4 da^g, like 


the modern medium, is able to interview the spirit cf the de- 
ceased and to ascertain his wishes. The method of divination 
usually practised is that of dropping from a leaf-cup grains of 
rice, uttering the name of a deity as each falls, and so ascertain- 
ing which divinity is the cause of the disease or other calamity, 
A similar practice has long been known to be in force among 
the Khonds, though Mr. Fawcett does not mention the fact. 
An account is given of an exorcism witnessed by the author, in 
the case of a boy who had suffered much from fever, which waa 
supposed to be caused by the sun. The kudan^ told Mr, 
Fawcett afterwards that he had given the deity a good talking 
to and turned him out. “ No fear of that deity returning to the 
boy after what he had said to him ! *’ The kudangs^ however, 
it must be added, generally work like ordinary mortals, and 
even when they are called in to officiate as priests they do not 
seem, from the account given of their fasting and exertions, to 
get their rewards for nothing. , 

Europe cannot compete with the United States in the lofti- 
ness of hs stations for taking meteorological observations. There 
are only two stations on the European continent which reach any 
very great height, being about 10,000 feet and 11,000 feet re. 
spectively. Among the stations in America is Pike’s Peak* 

I which has an altitude of 14,100 feet — or only about 1600 feet 
I lower than the summit of Mont Blanc — and exceeding by more 
than 3000 feet any meteorological station in Europe. These 
great heights are much more accessible in the United States than 
in Europe, there being five stations in America where a height of 
11,000 feet or more is reached by railroads built fo facilitating 
mining work. The highest of those in North America Mount 
I,incoln, in Colorado, the mining works on which are 14,297 feet 
above the sea-level, and it has a meteorological station conducted 
by Harvard College. Another station is placed part way up the 
mountain, at a height of 13,500 feet. In the Andes Range, in 
Peru, continuous meteorological observations arc also carried on, 
the loftiest point for this purpose being 14,300 feet above the 
level of the sea. 

A CORRESPONDENT of the Daily Nnvs in Lucerne sends to 
that paper an account of an electric mountain railway — the first 
of its kind— which has recently been opened to the public at the 
Burgenstock, near Lucerne. Hitherto it has been considered 
impossible to construct a funicular mountain railway with a 
curve ; but the new line up the Burgenstock has achieved that 
feat under the superintendence of Mr. Abt, the Swiss electrical 
engineer. The raiJs describe one grand curve formed ujH»n an 
angle of 112®, and the journey is made as steadily and smoothly 
as upon any of the straight funiculars previously constnicted. A 
bed has been cut, for the most part out of the solid rock, in the 
mountain-side from the shore of the Lake of Lucerne to the 
height of the Burgenstock — 1330 feet aliove its level, and 2860 
“feet above the level of the sea, The total length of the line is 
938 metres, and it commences with a gradient of 32 per cent., 
which is increased to 58 per cent, after the first 400 metres, and 
this is maiutained for the rest of the journey. A single pair of 
rails is used throughout, with the exception of a few yards at 
half distance to permit the two cars to pass. Through the op- 
position of the Swiss Government, each car is at the present rime 
only allowed to run the half distance, and they insist upon the 
passengers changing, ip order, as they say, to avoid collision or 
accident. A number of journeys* were made up and down 
the mountain in company with an engineer, and the experience 
is sufficient to prove that the prohibition is altogether unneces- 
sary. The motive power, electricity, is generated by two dynamos* 
each of 35 htme-power, which are worked by a water-wheel of 
125 horse-power, erected upon the River Aar at its mouth at 
Buochs three miles away. Only one man is required to manage 
the train, And the movement of the cam is completely under bit 
control, One dyhamo is sufficient to perform the work of haul- 
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ins ^ letHng down the cars containing fiity or sixty penoni. 
At the end of the journey, completed in about fifteen minutes, 
at an ordinary walking speed, the car moves gentfy against a 
spring buffet, and is locked by a lever, without noise and without 
jolting the passengers. Ttiis interesting undertaking has been 
carried out at a of 35,000, 

Mr. E. T. Dumplr, writing in the Geological Bulletin of 
Texas, brings out a very interesting fact, and one which may 
shed some light upon the question of who were the builders of 
the shell-mounds of the coast regions of Texas, During the 
great storm of 1886, which so nearly destroyed Sabine Pass, one 
of these shell -mounds, which was near a certain house on the 
river-bank, and the locality of which was exactly known, was 
destroyed or carried away by the violence of the waves, and 
rebuilt nearly half a mile farther up stream than it formerly 
stood. It is therefore possible that these so-called Indian shell- 
mounds, which are composed almost entirely of shells, with 
fragments of pottery, and sometimes a crumbling bone or two, 
were not Guilt, as has been supposed, by Indian tribes who lived 
on shell-fish, but are entirely due to the action of the water ; and 
the presence of the Indian relics may be easily accounted for by 
remembering that these mounds are usually found in low ground, 
and, being high and dry, would naturally be selected as 
camping- places by the Indians in their hunting and fishing 
expeditions. 

The Vienna Correspondent of the Times records a curious 
relic* of me<liieval superstition in Austria. The Burgomaster of 
Zuraki, in Galicia, has just instituted a prosecution before the 
Criminal Court of Solotwina against a man named Jean 
Kowale-ink for having, ** by hU malicious sorceries and incanta- 
tions, caused a hailstorm to devastate the fields of Zuraki on July 
a8.*' The damages occasioned by Kowalesmk's uncanny power 
over the elements are laid at 6000 florins. 

We ire glad to report that the Central Meteorological Ob- 
servatory of Mexico has recommenced the publication of its 
Boleiin Mensual, and in a more convenient form than before. 
This publication had been discontinued since December 1885* 
It contains only a summary of the observations made at twenty 
or thirty stations, but the hope is expressed that ihe publication 
of the observations made at certain hours will be soon under- 
taken, and that the arrears will also be taken up, as the 
observations have been regularly made. The Bullet ins for the 
first five months of this year have been received. 

The Report of the Meteorological Commission of the Cape 
of Good Hope, for the year 1887, states that ** the whole service 
has assumed a satisfactory character.” Monthly and yearly 
summaries are given for twenty-nine stations^ and for a large 
number of rainfall stations. As an inducement lo oWrvers, 
they are presented with the instruments with whidh thby have 
made a series of satisfactory observations for a continuous period 
of five years. Summarized reports are sent daily to each coast 
port, and are there entered on a sketch-map for the benefit of 
the seafaring community. We observe, however, that in count- 
ing the nomlier of wet days, a rainy day is taken as one upon 
which o oj inch is recorded, whereas a quantity of o’oi inch is 
the standard generally adopted in this country. The Commission 
express the hope that in time they may be able to issue storm 
warnings. 

Zh June last an interesting archieological discovery was made 
at Sonderby, on the west coast of Jutland. It consisted of 
about thirty urns of clay found in a moss at a dqptb of 
3 feet. They occupied an area 4 feet wide and 10 leet long. 
Formerly there was a shallow lake here. Most of the vessejf 
rested upon rough stones, but there was no trace of stone sralfs 
or roof ; they varied from 3 to S inches in height* In moat of 


them tayadies and remnants of calcined bones, whilst thd, bottom 
was with some reed-like kind of gram. Some x>f the urhs 
had lids, but others appear to have been placed la the earth open. 
Most of them were very simple in form, with smooth sides, but 
on some of the larger there were three knobs at the sides, and 
attempts at rough ornamentation. No metal or stone implement 
was firand. In the same moss some huge oak trunks were also 
dug out. 

A Kiel schoolmaster, Herr Spiedt, has excavated a so-called 
** Viking mound ” in the south of Jutland, close to the old 
frontier between Denmark end Prussia. In the eastern edge 
remains of a skeleton were found, and in the centre an oaken 
coffin, nailed with iron nails, containing the skeleton of a tall 
powerful man was found ; but no ornaments, weapons, or objects 
of any kind. The head pointed to the north-west. It was dose 
to this mound that a Runic stone was found some years ago with 
the following inscription in runes ; ** King Svein set (raised) 
stone after (on the death of) Skarde, his homestead companion 
(probably meaning boy companion), who travelled west, and 
died in Hedeby.” King Svein is the famous King Svein with 
the Double Beard, who ascended the thrones of England and 
Denmark on the death of his brother, King Canute, and his 
friend was one Skarde, who fought for him in this country. 
Hedeby was the ancient name for the town of Schleswig, It is 
believed that the skeleton is that of Skarde. 

The *‘Clas^-book of Elementary Chemistiy,” which Mr. W. 
W, Fisher, Aldricliian Demonstrator of Chemistry at Oxford, is 
preparing for the Clarendon Press Series, is nearly ready, and 
will be published in a few days. 

The additions to the Zoological Society’s Gardens during the 
past week include a Small Hill Mynah {Gracula religiosa) from 
India, presented by Mr. Alexander Robertson ; a Common 
Sheldrake ( Tadorna VHlpanser)^ British, presented by the Rev. 
H. H. Slater ; an Avocet (Reeurvirostra avocetta) from Holland, 
presented by Mr. J. Hoogerduyn ; two Common Chameleons 
\Chamaleon vulgaris) from North Africa, presented by Mr, J. 
Alfred Lockwood ; a Sea Anemone [Bolvara egues), a British 
Coral {Caryopkyllaca^ sp. inc.) from British Seas, presented by 
the Marine Biolc^ical Station, Plymouth, per Mr, G. C. 
Bourne ; a Brown Bear ( U 7 ‘sus arctos ^ ), European, a White- 
backed Piping Crow (Gymnorhina Uuconota) from Australia, 
twelve Mandarin Ducks galcriculaia^ 6 d , 6 $ ) from China, 
deposited ; two White-headed Parrots [Piomts senilis) from 
Mexico, four Oyster-catchers {Hiniantopus osiralegus) from 
Holland, purebas^. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK tm SEPTEMBER 9 - 15 . 

/1h OR the reckoning of time the civil day, commencing at 
^ ^ Greenvrich mean midnight, conntfoig the hosm on to 
h here employed, ) 


At Greenwich on September 9 
Sun rises, 5h. 28m. ; souths, 1 rh. 57m. t *Ss. ; sets, iSh. 
right asc. on meridian, iih. 18*921. ; ded. 5* 4' 
sidereal Time at Snnaet, lyh. 43oi* 

Mmm {at First Quarter September la, aah.) rises, 9h. Ipm. ; 
souths, Z4h. ssm..; seta, loh. 19m. t right asc, on mei^dijini 
I4h. 11 'im. ; ded. 7*48' S. 


plaan. 

Mercury., 
Venui ... 
Mars ... 
Jupiter .. 
Saturn 
tjreatu 


RiMk 

h. m. 
6 45 
^ 57 

13 35 
13 16 
2 3f 

S 8 


h. 

12 49 
to 39 
16 30 . 

S 4 

9 55 


Ureatu... 8 8 ... ij 41 ... 

Neptune., ei 1*... 4 40 ... 


Ssu. 
a. IB. 

18 53 ... 

19 I ... 

JO 3S ... 

ao gj ... 
»7 aj ... 
19 28 ... 

ij 35 ... 


Wtfit MB. tod Jiel i n M h il 
M 
I1. D. 

ta 47 

(J 14-9 

1$ 467 

>5 

9 10*3 
13 58*9 
4 **4 


.. o *». 
.. at |oS. 
,. 17 JV. 


ledicatM rhol tbs Hslatf is that of tbs prvcsdlug svsdbi* 




NATURE 


455 


of Star fy tJko Moon (vitibte at Greenwich). 

CctTtioonding 

eeglMfmmver' 

Sept. Star. Mag. Diutp. Reap. tea to right for 

inverted image, 
h. m. h. m. « 

14 50 Sagittarii ... 6 ... 22 58 ... o 4t ... 134 308 

t Occur* on the followit^; morning. 

Sept. h. 

W ... 10 ... Mars in conjunction with and 6” 7' south 

of the Moon. 

II ... 10 ... Jupiter in conjunction with and 3^ 55' scnith 

of tlte Moon. 

II ... 14 ... Mars in conjunction with and 2* 12' south 

of Jupiter. 

Variahlt Stan, 

Star. R.A. Decl> 

h. m. . . h. IT. 

Algol 3 0*9 ... 40 31 N. ... Sept. 12, 2 yj m 

»» 14? ^3 

Geminorum ... 6 57 5 ... 20 44 N 13, 21 o A/ 

Monocerotis ... 7 25 ’5 ... 9 33 S. 15* M 

Z Virginia 14 4‘3 ... 12 46 S. ... ,, 9, M 

8 Librae 14 55‘o ... 8 4S 13*21 t6 m 

V Coron* 15 13*6 ... 32 3 N. ... „ 9, 3 23 m 

U Ophiuchi 17 10*9 ... i 20 N* ... n g, 2 o m 

and at intervals of 20 8 

W Sagittarii ... 17 57’9 ... 29 35 S. ...fkpt. 15, 15 o Af 

T Herculis 18 4-9 ... 31 o N 13, m 

0 Lyr« 18 46*0 ... 33 14 N I 4 i 4 o A/ 

ft Aquitse 19 46*8 ... o 43 N. ... ,, 14, 4 o Af 

S SaLjgittse 19 50*9 ... 16 20 N. ... „ il,' 3 o m 

14. 3 o Af 

^ CyOTi 20 39 0 ... 35 II N. ... ,, 15, 4 o M 

T Vulpeculae ... 20 467 ... 27 50 N 11, o 

,1 12} 2 0 M 

S Cephei 2i 36 6 ... 78 7 N. ... ,, 9, m 

t Cephei 22 25*0 ... 57 51 N ii, o o A/ 

At eignifies maximum ; n minimum. 

Affttor-SAouars, 



R.A. 

Bed. 


Near f Persei 

. ... 6 b . 

.. 37 N. . 

.. Swift } streaks. 

,, a Tauri 

. ... 73 . 

.. IS N. 

.. Swift ; streaks. 


3 S 4 • 

38 N. . 

Very swift. 


GEOGRAPHICAL NOTES. 

Thb elaborate Report of Mr. Bourne on his journey in South- 
Western China, which has recently been laid before Parliament, 
and to which we referred recently in connection with the 
ethnolo^ of the non -Chinese races of this region, is of much 
geographical interest. Part of Mr. Bourne's journey was already 
ttaversed in the reverse dit'ection by Mr, A. R. Colqtiboun, 
and described by him in ‘his well-known work, “Across 
Chrysd,” This observation applies to the route from Yunnan 
Fu, the capital of the province of that name, to Ssu^mao, and 
thence along the Tonquin frontier to Nanning on the West or 
Canton River. Bat Mr. Bourne traversed the rep;ion between 
Chung-king and Yunnan Fu, which, however, as u lies on one 
of the high roads across China into Burma, is not unfamiliar to 
Western readers, and he also crossed diagonally the province 
of Kweichow — one of the ieast knoVh provmces in the Chinese 
Empire— from Nanning in KWangsi to Chung-king in Ssechuen. 
Here he travelled along unbeaten tracks for many weeks ; but 
even where travellers nad been before— and at best European 
travellers in Southern and South-Western China are extremely 
few and far between— his intimate knowledge of China and th,e 
Chinese, and the advantages which hU official mission gave 
biiim make his obsefvattORs of exceptional value. He has also 
estwtbbed the connection betikeen the rivers of Northern 
Toftqtiin a»d the tiw system of Soadiem China. In. regard to 
the seven route-sketches, which accompany the Report, of the 
diffiftrent settfons of the journey, Mr. Bourne ei^Iains that 
altiwHu^ the rate of travel (about 20 miUq a precluded the 
hhie 01 a taithihg iutrvey, it wiU tMy to take notes of the 
proQuinent features of the country, as hd Wjalked nearly the whple 
way, Tbeee notes, which took me fcrm of route-sketches, 
worn, with an occasional position delertnined astronomioiily, 
have:hii(dte It polsfl^e to give a mUdi better idea of the c^untiy 
than uie ntapa convey ; out hU record of astrOnomkal bbserva- 
tioDs, ** udiiob had couddm asany adntiM'* vigil,*’ and portions 


of his route-sketches, w^ere lost on the occasion of some riots in 
Chung-king, during which his house was Attacked and looted. 
But the route- sketches of the last part of the journey were 
fortunately saved, and supply materials for a better map. There 
is likewise a vast number of careful meteorological observations. 
It is to be feared that the instinctive repulsion of the natural 
man to Blue-books, regardless of their c ntents, will pres^ent 
Mr. Bourne’s Report from receiving the attention which' it 
deserves. On a moderate computation, it would furnish 
materials for half a dozen works of travel such as those with 
which the public is made acquainted every year, which have 
their little day and cease to be. We have to go back to the 
Reports of Mr. Bourne's predecessors, Messrs. Baber and 
Hosie, to find any record of travel in China of equal interest 
and value. 

reports that two important Expeditions left Rio tie 
Janeiro in June for exploration and work in two of the least- 
known parts of the Brazilian territory. The first, sent out by 
the Ministry of War, under the command of Captain Bellar- 
mino Mendon^a, is to open a road from the town of Guarapuaba, 
on the frontier of the .settled portion of the province of Parana, 
to the confluence of the Rivers Parana and Iguassu, and to found 
a military colony at the latter point. A road is also to be o/>ene<l 
along the Parana River from the mouth of the Iguassu to the 
navigable portion of the river above the Setc Quedas Fall, and 
from this {)oint to Guarapuaba, vid the valley of the Piquiri. 
The founding of a colony at the mouth of the Iguassu, where 
the Argentines are already estaVdishing themselves, will, aside 
from its military importance, prove of great value in peopling 
the valley of the Upper Parana, which has been deserted since 
the time of the expuJMon of the Jesuits. By means of the Lower 
Parana the colony will have free water communication with 
Buenos Ayres and other markets of the Ai*gentine Republic, 
where two of its natural products, lumber and matte, will find a 
ready sale. This will give at once to the proposed colony a 
commercial importance far beyond lliat of a purely military 
station, and will doubtless lead to the rapid spread of population 
along the Upper Parana and its tributaries, with their hundreds 
of miles of navigable waters. The second Expedition, consist- 
ing of three military engineers, Capt. Loureni^o Telles, and 
Lieuts. Miranda and Villerny, is sent out under the auspices of 
the Sociedade de Geographia de Rio de Janeiro, the expenses 
being borne by the Ministry of Agriculture. It is to proceed to 
Cuiaba in the province of Mato Grosso, pass by land to the 
head-waters of the Paranapinga, and descend that river and the 
Sao Manoel or Tres Barras to the Tapajos, returning to Rio de 
Janeiro t'iV? Para by the Tapajos and Amazonas, This explora- 
tion will thus be a valuable complement to that of the Tapajos 
by Chandless, as the Sao Manoel and Paranapinga are almost 
absolutely unknown. 

The current number of the Proceedings of the Royal Geo- 
graphical Society opens with a paper by Commodore Markham 
on Hudson’s Strait as a navigable channel, which is a condense 4 
narrative of former voyages from the time of Sebastian Cabot, 
coupled with an account of the author’s own observations. 
Commodore Markham comes to the conclusion that the Strait is 
perfectly navigable and free frorp ice in August and later in the 
season. Mr. Portman has a most interesting paper on the Little 
Andamans, while General Walker di<cusses the well-woin theme 
of the hydrography of South-Eastern Tibet. The Persian farsakh 
, cannot be of much value ax a precise measure of length, for, in 
a very learned paper, whioh concludes the number, General 
Hootum- Schindler, of the Persian Telegraph Service, concludes 
that it is 3 '9 1 5 miles, while in a footnote he gives the estimates 
of eight other authorities all differing from his own and from 
each other. 

The first number of vol. ix. of the Bnlletin of the Paris 
Geographical Society is occupied with M. Maunoir's annual 
summary^of the crogi'ess of geography and exploration during 
1887. ^e worlris as full and careful as these annual reviews by 
Che same Author usually are. The second number is wholly 
devoted to a record of the commemoration of the centenary of 
the death of Lape^use. The grand-nephew of the great 
I navigator writes on his private life, and reproduces a numo^ of 
his private and official letters. Lieutenant Courcel describes 
his voyage^^and Vice-Admiral Paris recounts the history of the 
discetery « the remalua of the expedition. The app^dixee 
cootaltt p^n relating to Laperouse and bis com- 

panions, iucliidi^g A iWibefephy of works relating to the hero 





NOTES ON METEORITES} 

II. 

Chemical Analysis. 

have seen thkl the main difTerence between the specimens 
of these bodies which have been collected is that some of 
them are mainly iron, some of them are mainly stone, and that 
there is a passage between these two conditions represented by 
falls in which we have a paste of iron including stony fragments. 

We have now to enter into some points connected with their 
chetnical constitution somewhat more in detail. 

Of the chemical elements which are at present recognized 
as such, about one-fourth arc found by chemical analysis to 
eaist in meteorites. These, according to the tables given by 
Maskelyne,^ Fletcher,** .Smith, and others are as follows : — 

Those that occur most constantly arc 

Hydrogen Carbon 

Iron Oxygen 

Nickel Silicon 

Magnesium Phosphorus 

Cobalt * Sulphur ; 

Copper * 

Manganese 

Calcium 

Aluminium 

while the following occur less frequently or in smaller 
quantitici 

Lithium Arsenic 

Sodium Antimony 

Potassium Chlorine 

Strontium Nitrogen. 

Titanium 

Chromium 

Tin 

Of these elementary bodies only hydrogen, nitrogen, and 
carbon occur in an elementary condition. 

Hydrogen and nitrogen are asserted to be occluded os gases 
by the stones. Carbon exists both in the form of graphite and 
diamond. 

From the above lists it will be seen that among the elements 
most common in meteorites arc recognized many which have a 
very wi4« distribution and exist in great quantities in the surface 
and envelopes of our planet. But this is true only of the 
elements. 

Many mineral compounds terrestrially common are absent ; 
perhaps the most striking case of all is the absolute absence 
of free quartz, whether crystallized or not, from meteorites, while 
terrestrially it is the most prevalent compound known, and 
enters into the composition of such common rocks as trachyte, 
felsite, syenite, gneiss, and granite. 

Again, many of the chemical combinations met with are un- 
known to terrestrial mineralogy. The chemical compounds 
found in meteorites which are new to our mineralo^ may be 
briefly referred to. Some are combinations ‘with sulphur, as 
follows 

Salphur + Iron = Troiliie 

+ Calcium = Oldhamite 

. ( Calcium I _ 

* ) TilMittin ( “ Osbornite 

+ { Chromium} = Daubreelite. 

Phosphides of iron and nickel, forming varieties of so-called 
fichreibersite, arc met with. 

It has already been stated that carbon in some form or other 
exists in most meteorites. Some of them are partly composed 
of this element compounded with hydrogen and oxygen. 

This exists as a white or a yellowish crystalUzablc matter, soluble 

' Coflthuied from o. 4aa. 

• Natubk. vol xil. ji. 505, 

3 Inuoduetina to Stiuy of Meteoritw," p. u. 

4 Wkh to ike praienoe of cobeit and cop|Mr, Dr. L. Smldi says 

(*' Mhiendoiy Md Ckeiniatry/’ p. |}f) In every uulyMi that I have 
nade of laetcano Irons (over one hundred differant ^ctmeiu) cobalt fans 
been invariably fbtmd, along with a minute quantity of copper/*— flisMi 

History of Mettoiitas,** p. X&4. 


in ether and partly so in alcohol, and exhibiting the chameters 
and the oomj^stiion of one or more hydrocarbonaceous bodies 
with high melting-points. 

The meteorites of Alois and Cold Bokkeweld are instances of 
this group. The former is of a black colour both internally and 
externally, is combustible, and contains sulphates of ma|tnesium, 
calcium, sodium, and potassium, which are all soluble in water. 
The latter, after being experimented upon, left a residue, which 
gave out a very bituminous smell ; this substance was yellow, 
aud it was found that it was only another form of carbon in 
a state of intimate mixture, amounting to about I '67 per cent. 

Some carbonaceous stones are dark grav in colour, have little 
lustre, and are soft ; they contain no visilde meteoric iron, but 
an abundance of light gray rounded bodies, among which are 
occasionally some with a dull metallic lustre and of a greenish* 
yellow colour, and others of a dark gray compact substance and 
of earthy character. ^ 

Various a/Uj's of nickel and iron also occur. 

The different alloys which play the most important part have, 
according to Meunier, the following composition 

Density. Formula. 

Ttenite 7*380 ... 

Plessite 7 *850 . . . FemNi 

Kainacite 7*652 . . Fcj^Ni 

Bittunine (?) ... Fcj^Ni 

Among other minerals we may name — 

Lawrencite, protochloride of iron ; 

Maskelynite, with the composition of labradorile ; 

Silica (as asmanite). 

We now come to the common ground. 

The following compounds arc identical in composition and 
crystallographic character with minerals found on our globe 

Magnetic pyrites Fe^Sg. 

Magnetite Feg04. 

Chromite (Fe,Cr)j04. 

Silicates, viz. — 

Olivine varieties. 

Enstatite and bronzite. 

Diopside and augite. 

Anorthite and labradorite. 

Breunnerite. 

Among gaseous compounds, the oxides of carbon have been 
delected in many meteorites, and it is asserted that these gases 
have been occluded by them in the same manner as the 
elementary gases hydrogen and nitrogen. 

In the irons ” we deal chiefly with nickel-iron, magnesium, 
manganese, and copj^r, as metals. 

In the ** stones" we deal with combinations of magnesium, 
iron, oxygen, and silicon. One of the most usual substances 
is called olivine, and sometimes the olivine is in a slights 
changed form, in which the quantity of iron is increased, 
and we get bronzite. Nickel-iron, manganese, and other 
substances are also found in the stpnes. 

Chemical analysis of the irons has established in them, taken 
as a whole, the existence of the following mineral species. 

(1) The general metallic mass, which consists of certain alloys, 
in which iron and nickel predominate to such an extent that the 
term nickel-iron U by common consent applied to it. 

The nickel-iron U an alloy or compound (mcial to meteorites, 
and the irons are chiefly composed of it. The tracery to which 
I* have referred, observed on the meuHic surface heated with 
adds, was discovered by Widmanstktlen. The flgdres are 
caused by the crystallization of the mass; with the iron and 
nickel magnesium is always associated, ro that magmHnm 
in all mtleoric irons as well as in the Stones. 

(2) Compounds of iron and carbon, principally campbelline 
and chalypite (FesC). 

(3) Troilite (FeNi}7$g, generally appearing as kidnsy-sbapi^ 

(4) Schreibersite (Fc4NiJ). 

(|) Graphite. 

(0) Stony grains, , generally magnesium and iron sHicates, , 

(7) Occluded gasw. *" ^ | 

* niju, ^ oH* p. Str. 
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^ 6, .1^3 


(8) , 11 ie cruKt or varnish. This has been found to be due 
entM^tn the ^Idltlon of the metaL The formula of the crust 
of tito Tokiea nieteorite is Fe«03(FeNi)0^ accordm? to Meunier, 
The (hiantities of occluded gases vary considerably. Hydro- 
gen is' the first to come out when a vacuum is produced, and in 
the cold^hat is, when the tube containing the meteorite not 
heated. 

Thus. Graham found in the Lenarto meteorite, and in a 
comparative experiment with clean horse^shoe nails made of 
iron 



Meteorite. 

Nailfi. 

Hydrogen 

... 85-68 

350 

Carbonic oxide .. 

4*46 

50*3 

Carbonic add ... 


77 

Nitrogen 

9*86 

7*0 


100*00 

lOOO 


Mallet subsequently found in the meteorite picked up in 
Augusta County — 


cause of the continued reference to the speetra of magiteBium 
iron* and manganese in what follows. 

Siderifes, 

Nickel-iron, manganese, copper. 

Troilite = FeS. 

Graphite. 

Schreibersite = iron and nickel phos- 
phide, with which magnesium is 
fuwaya associated. 

Daubreelite = iron and chromium 
sulphide. 

Sidcrolites^ 

ChofidrUic^ 

(tt) Non-carbonaceous ... Olivine = chrysolite peridot = 
(MgFe^nO^Si = SiOB4r3, MgO 
50*9, FeO 7-7. 

Knstatite MgOjSi = SiOj 60, MgO 
40. 


Hydrogen 
Carbonic oxide ... 
Nitrogen 


85*68 

4-46 

9*86 


Dr. A. Wright subsequently determined the composition of 
the gases given off at different temperatures, using the Iowa 
meteorite. The results were as follows : — 


Cold ... 
At 100® C. 
At 200® C. 
Red heat 


Hydroifen. 

Carbonic oxide. 

Carbonic acid, Nitrogen 

49 

14 

■■ 35 — 


0 (?) . 

.. 95-46 ... — 

5 '06 

1-82 . 

.. 92 J 2 ... — 

87-53 • 

0 

.. 5-56 ... 6 


(fl) Carbonaceous 


Bronzite =n enstatite, in which some 
magnesium is replaced by iron. 

Nickel-iron, manganese. 

Troilite. 

Chromite =s iron protoxide 32, 
chromium sesquioxide 68, + alu- 
minium and magnesium. 

Augite — pyroxene, SiOj 55, CaO 
23, MgO 16, MnO o*5> FeO 4. 

Silicate of calcium, sodium, and 
aluminium. 

Carbon in combination with H and O. 

Sulphates of Mg, Ca, Na, and K. 


NoK'thondritic — 


As regards the so-called occluded gases, iron and .stony meteor 
iles, according to Wright, show a marked distinction. While 
the gases of the Lenarto iron contained 85*68 per cent, of 
hydrogen, those obtained from cosmical masses of the stony kind, 
such as the Iowa meteorite, are characterized by the presence of 
carbonic acid, which constitutes nine-tenths of the gas evolved 
at the temperature of boiling water, and about one half of that 
given off at a low red heat. 

This view of Wright’s has been called in questi.m by Mallet, 
who refers to his examination of the gases of the iron of Augusta 
Co., Virginia, where the ratio of the oxides of carbon to hydro- 
Ren is 4*3, and to his having pointed out in 1872 that hydrogen 
could no long[er be regarded as the characteristic gaseous ingredient 
of meteoric iron.* 

In the sUleriies, the iron varies from.So to 98 per cent., and 
the nickel from 6 to 10 per cent. Sometimes the nickel is found 
in larger quantities, as in the iron of d’Oetibheha Co., Mississipi, 
found in the year 1854, which contained as much as 59 per cent., 
while the iron was only 37 per cent. 

There is a singular circumstance connected with the varnish of 
stony meteorites which was observed by Reinsch in the meteorite 
of Kriihenberg. The grains of metallic iron and troilite con- 
taineddn'the varnish show no signs of oxidation. In the meteorite 
of Motbiban, also, grains of nickel- iron project not only through 
the smooth inner but also the rough outer crust. It h.as been 
suggested that the surface of these meteorites was vitrified before 
It entered our air, or at all events those lower strata of it in 
which oxygen is abundant.* 

In many cases minute chemical analysis has been most useful 
in showing that meteorites which have been found in different 
lucitities really belong to the same fall. 

Prof, Nordenskjbld, on examining the Stdlldalen meteorites 
(Sweden, June aS. 1876), found that they resembled some eight 
or nine- others which he had before examined, although they 
^ere entirely unconnected as regards their date of appearance ; 
and that together they would form a well-marked grou^, but 
which, he observes, will probably be found to be only one 
among, many similar groups of aerolites which will hereafter be 

detected- 

The Allowing short table brings together in a compact form 
the chief substances met with in meteorites. It will indicate the 


I Ombun, Chemical and Physical Heffcarchef," p, agft* 
* AViei, June ai, liya. 

9 flight, V/. ctf n. 80 . 


* FUfh^ 60 ^, Jamiary 1875. 


Troilite. 

Olivine. 

Knstatite, 

Bronzite. 

Augite. 

Anorlhite 

Spectral Analysis. 

It is imperative that we should know what spectroscopic 
phenomena are presented by meteorites when they are exposed 
to temperatures either high or low, such that luminous effects 
are produced, however the heat which is associated with 
luminosity is caused. 

To this end a great many investigations have been made, and 
one method of investigation has been the following. 

A small portion 01 any particular meteorite, or still better 
some dust or filings is inserted in an end-on tube, which W 
placed in front of a spectroscope, sf) that a spectroscopic record 
of the luminosity may be obtained. The tube is at the same 
time attached to a Sprehgel pump, so that in this way a vacuum 
dan be obtained, and is supplied with poles, so that an electric 
current can be sent through it. Supposing that such bodies as 
meteorites exwt in free space, we must understand that they 
exist practically in a vacuum, so that it is a fair thing to begirt 
the laboratory work by getting as nearly a vacuum as possible. 
The next thing to do is to try the effect of the lowest tem- 
perature, and for that purpose the central part of the tube 
containing the little fragments is heated by a Bunsen burner. 

If any effect is produced by this application of heat it will 
after some little time be evidenced by the commencement of a 
spectrum or by some change in the pre-existing one. What has 
been found is that there is scarcely any meteorite which can be 
examined in this way which does not give off a sufficient quantity 
of hydrogen to allow the hydrogen spectrum, when a feeble 
electric current is made to travel along the tube, to be very 
beautifully visible. 

If the tempeiutnre of the meteoric particles is kept sufficiently 
low, we see practically the spectrum of hydrogen alone. That 
is a demonstration of the very well known fact that with those 
bodies generally acknowledgea to enter into the composition of 
meteorites, hydrogen » always associated. 

If under these same conditions the temperature is increased, 
the spectrum of carbon begins to be visible, indicating that 
associated with the hydrogen there is some compound or com- 
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potilids ttf carbon in the tnctoorite which require ft higher 
temperature to bring them out, but which come out when that 
higher temperature is employed. The carbonaceous structure of 
some meteorites has already been determined on other grounds. 

If we carry tlie beating a little further $tUl, and instead of 
leaving the particles relaUvely cold and dark while the current is 
passing we apply a hi^er temperature outside the tube by 
means of the Bunsen burner, then we get the luminous vapours of 
some constituents of the meteorite added to the spectra of 
hydrogen and carbon. 

What luminous vapours do we get first, and which la<it ? The 
experiment is a very interesting one, and may certainly be 
carried on in a tube such as that described until a pretty con* 
stderable development of the spectrum is obtained. 7"he hrst 
substance which makes itself visible obviously after the hydrogen 
and carbon when particles of a meteorite are treated in this way 
is ma^esium derived from the olivine, that substance which 
exists m the greateat quantity in the stones, and in the schreiber- 
site, which exists in the irons. 

From such a method of research as this we can pass to one in 
which, by means of the oxy-coal-gas flame, we can determine 
the spectrum of any vapour given oflT, provided any vapour is 
given oiT, a^ a still higher temperature. That work has been 
done, and the main result is that in the case of an “ iron," the 
flrst substance to make its appearance is manganese, and the next 
substance to make itself obvious is iron. 

Here a very important remark must be made. The substance 
which will give us the predominant spectrum at lowest tempera- 
ture must ne that substance the volatility of which at that 
temperature is greatest. If, however complicated the chemical 
constitution of one of these meteorites may be, there U one 
substance which volatilizes out of it more readily than another 
at a low temperature, that substance will be the flrst to give us 
its characteristic spectrum at that temperature— and in fact we 
may get the ipictrum of that substance alone, although its per* 
centage in the meteorite may be extremely small. It is therefore 
an important result to find that in meteorites in which the 
quantity of iron is very considerable it is always the manganese 
tnat makes itself visible first, became its volatility is greater than 
that of iron. The point to bear in mind is that when we pass to 
the temperature of the ox y. coal -gas flame we get predominant 
evidence of the existence of manganese, and afterwards of iron. 

Many diagrams of observations made in this way have been 
constructed of the oxy-coal-gas flame of meteorites and of olivine, 
and not only the flame but the ‘‘glow^"— glow being the name 
given to the luminosity produced in the tube under the conditions 
stated. There are some points of similarity, and other points of 
difference. One of the results which is most constant is a line at 
Soo on the wave-length scale which appears to run through all the 
observations until we come to deal with such meteorites as the 
Limerick and Nejcd. On the other hand some lines andflutings 
do not make their apfjcarance generally. 

If we wish to extend our inquiry into the function of a still 
higher temperature we can use the electric arc ; that also has 
been done. For this purpose specimens of iron meteorites have 
been cut into poles, the si>eclra of which have been observed 
and photographed, so that the vapours produced have been 
the vapours of the pure iron meteorites ; that is to say^ a small 
portion of a meteorite has not been placed in an impure carbon 
pole, so that the impurities of the carbon would oe ob8erve<l 
anil photographed with the pure vapours of the meteorites. In 
addition to this method — in the case of the stony meteorites— the 
lower i>ole after its spectrum has been well studied has been 
utilizecf in this way : the upper pole remaining constant as an 
iron pole, pretty big particles of various stony meteorites have 
been inserted into the lower pole, and the added tesult has been re- 
corded, Further, composite photographs of the s}>ectra of many 
meteorites have been obtained. Half a dozen different stony 
meteorites have l>een rendered incandescent by their insertion 
into the lower pole during the exposure of a single photographic 
plate. 

It is pretty obvious that if we can get detailed information on 
such points as those, and provided there are meteorites in space 
at the temperatures at which we are able to determine their 
spectra in the laboratory, such data should be of extreme value, 
for at present we know of no reason why the spectra sht^d 
differ according to locality. 

J. Norman Lockybr. 

( To bi continutd , ) 
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§ 6. Double Refraction. 


A CCORDING to the theories both of Fresnel and of Neu- 
mann, doable refraction is explained on the assumption 
that the elasticity of the ether in crystals which exhibit this 
phenomenon is diflferent in different directions. The elasticity 
IS proportional to the square of the velocity of propagation, 
and if a, c are the ratios of the elasticities,, parallel to 
the principal axes of the crystal, of the ether within it to its 
density, the velocity in any direction a, 3, 7 will be given by the 
equation — 

V* cos^ « + cos* /B 4- f ^ cos* 7 . . . , (18) 

According to the author's theory, the elasticity of the ether is 
the same in every direction, so that any difference in the velo- 
cities of propagation in different directions must be due to the 
mutual action between the ether and the molecules of the crystal 
being a function of the direction, and therefore the values of the 
quantities o for the molecules of the crystal, and hence also the 
value of must depend on the direction. 

Assuming, for simplicity, that the molecules have a single 
shell only, it follows from (8) and (9) that — 

= + 

I Tx— -J 

where Xj* = 4- r,) and Kj = 4* c,). 

Let the values of r,* and /i for a second direction be and ju', 
then 


^ / 




Now, as Thomson has pointed out, the dispersion accompany- 
ing double refraction is of very small amount, so that the 

difference must be sensibly independent of T. 

If T were less than x, /u* would, from (12), be propor- 
tional to T^. It must therefore be assumed that the critical 
period U at the extreme blue end of the spectrum, which will 
give T greater than for all the rays. Then from (t2dt)— 


f? - » 


^(<^1 + 


(<•,* + «,')» 
f,'* \T* 


v + ^« + ^jV i 

+ ,. fj* 'V + (ai) 

In order that the coefficient of T* may be soirII, gad 
must be small and nearly equal. The other temr^ ort&fr^fRries 
will then be also very small, especially if T is large 
parison with and the series may, to a first app roahMiMn, 
be replaced by iu constant term. 

Now let it be assumed that the manner in which and c* 
depend on the direction o, fi, 7, is determined by an eqoattoa 01 
the form— * 

^ ® Ci cos* a 4- Ca cos* 3 4- Cg cos* 7 , .. tia) 
Vj 4- fj/ 

Then from (19) and ( lan)— 

an equation of the same form as (18), and whiph 
a wave-surface identical with FresoeiV It tMMUiier ^ 
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ft9Sttm«d Ifaftt the exes of the molecules in the cryeutl are alt | 

ThooMoa aiflved at a difiTerent result, which the author attri- 
butes to his having assumed the product of the denominators 

<1 + - »i/T* and to be sensibly a constant, 

and therefore considered only the manner in which T enters into 
the numerators. 

It is easy to see that similar results will be obtained for 
molecules consisting of any number of shells. 

§ 7- Spicira of Chemical Compounds. 

In considering chemical compounds it is necessary to make a 
clear distinction between atoms and molecules, and henceforward 
the author uses the term atom to denote a system of shells such 
as is described in § I, and employs the term molecule only for a 
combination of two or more atoms having their external shells 
close together. The author restricts his investigations to di- 
atomic molecules, 

A molecule will then be capable of executing stationary vibra- 
tions without disturbing the ether, similar to those of an atom, 
and will therefore also have its critical periods ; but their values, 
in the case of the molecule, will depend on the direction of the 
disturbance. A diatomic molecule may be considered approxi- 
mately as consisting of a series of concentric prolate spheroidal 
shells having their longer axes coincident with the lines joining 
the centres of the spheres. 

There will be two principal series of critical periods, corre- 
sponding respectively to disturbances propagated in the direction 
of the longest axis or of any of the shortest axes. If the direc- 
tion of propagation of a disturbance differs slightly from one of 
these axes, the corresponding lines of the spectrum will only be 
slightly displaced, and in this way well-defined bright lines will 
be replaced by bright bands sharply defined on one side and 
indistinctly on the other. If two of these bands overlap on 
their indistinct sides, a band may be produced of equal 
brightness throughout, and having both its sides sharply 
defined. 

This gives an explanation 'of the well-known experimental 
fact that the spectra of chemical compounds usually consist of 
bright fluted bands, sometimes accompanied by distinct bright 
lines, and not of bright lines only. Conversely, if the spectrum 
of a gas contains bright bands, it will be natural to infer that it 
is a chemical compound. This would lead us to suppewe that 
oxygen, sulphur, nitrogen, phosphorus, carbon, and silicon are 
really compound bo<lies-^a conclusion which receives independent 
oonflrtnatioD from other points of view. 

The theory does not lead to any simple law, such os has often 
been sought afler, for determining the spectrum of a compound 
from the spectra of its constituents, but it throws a good deal of 
light on the sul»ect generally. 

The differential equations to determine the motions of the 
shells within an atom differ from eauations (i) only in virtue of 
the core itself being supposed to be in motion, so that the lost of 
these equations will become — 

^1 - Xj) - <y + j(^y - 4ry + ,) . . (23) 

the difference consisting only in the presence of which was 
supposed equal to zero in ^uations(i}. 

If we discard the assumbtion that the mass of the core is so 
great relatively to that of the shelb in an atom that the centre of 
grttvhy of the system may be identified with that of the core, the 
rf/ + i OB o will be replaced by the more general one — 

mi<Xi -H + . . . -I- — o . . . (24) 

which determines the value of which is wanting in 

the system (33)- 

I'jom (a), (3)» wwl (*?) ^ obtain the system— 

" Vi = + ^s^s (25) 


whew, as before, a's = w^/T* *- 

a se, tog^her with (34)1 ^hnn a set of> + 1 linear equations, 
are sufficient to doteAnine the j + i unknown quantities 
f . x/ 4 .iln tecm>of thejfiveniitiKatUks t imd T^. 


Replacing m, f , j by J't Ot k respectively, we obtain 
a rimilar set of equations to determine the vibrations of the 
second atom. If the outer shells of these two atoms are in 
contact, Xi must be ^ual to 3^1, unless the disturbance is such 
as to effect a separation, Xf and>'^ being corresponding displace- 
ments from the common centre of gravity. Writing x for the 
common dimlacemeot of the shells in contact, equations (35) 
assume the form— 

- = &^x -t- 

- -I- 


- - 1 = +r.. + 17.^1. 

The condition that the common centre of gravity of the two 
atoms may remain at rest will therefore be — 

(Wj -j- + WgXg + WgJfg -l- , . . -f ntj+iX/^i 

+ + . . .+«, +17-1 + 1 = o • • ■ ■ (27) 

(25), (26), and {27) form a system of / -f ic 4 - t equations to 
determine the same number of unknowns, x, x^, , . . Xj^i, 
Ug . . . in terms of the known quantities 17, and 'P. 

( is determined as before by equation (2), and gives the vibration of 
the ether at the point where the ray impinges on the first atom. 
The axis of a molecule may be at any angle with the impinging 
ray, and ti will give the ether vibration at the j>oint where a ray 
parallel to the first strikes the second atom, hor a given period 
and w^av e-length, I and 17 will therefore in general be in different 
phases. 

In the case of vibrations parallel to the axis of the molecule 
we shall have ( ~ supposing all the parallel rays impinging 
on the molecule to be in the same phase. The ratio x/^, re- 
quired for the determination of will then be the quotient of 
the second and first minors (viz. the coefficients of Uy and ») of 
the determinant of order j + k + z given below, in which the 
first row is completed by arbitrary quantities. 
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This will always be the case applicable to the determination of 
the light emitted by a molecule. 

The equation ^ 0, which determines the critical periods of 

the molecule, will then be obtained by equating the coefficient 
of M to zero, and as as and ds are linear functions of T-^ the 
resulting equation will be of the order j + x. I'herefore, for 
vibrations parallel to the axis, the number of critical periocU of 
a diatomic molecule is equal to the sum of the numbers of 
critical periods of its constituent atoms. This number may be 
diminisDed if jr n o while x/( and remain finite. 

If a single ray only is conddered, as at the limits of illumina- 
tion, ft may be taken equal to zero for any given value of f ; it 
is only necessary to put o in the first column of the deter- 
minant. This will, however, not affect the equation { — o. 

If the impinging ray is parallel to the axis of the molecule, 
in which case the viln-ations will be perpendicular to it, the two 
atoms will be difierenlly affected by the vibrations of the ether, 
for, in the cose of the &rst atom, | is again determined by (2), 
or more generally by the equation — 

{-aco. (*;?-?). 

where X is the abidaia of the atom ; and if r and s are the radii 
of the two atoms we ahall have for the second atom — 

No‘.t ihEe-Cidii of the atome are supposed to be very small In 
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comp»rUoii with the wave-length so that £ and n will be nearly 
equedi and therefore we may write — 

Aft a first appro jcfmation we may take t = tj, and then the 
vibrations will be the same as those parallel to the axis. Since, 
however, the centre of gravity remains fixed, the vibration mast 
be a pendulous one about this centre, which introduces a fresh 
set ot considerations. The proper vibrations of the molecule 
would still be given by { = o and = o, but, owing to the 
pendulous vibration, these would not completely determine the 
motion. The difference in the action of light in different direc- 
tionst and the corresponding fluted nature of the spectrum, would 
appear to depend essentially on consideration^ of this kind.^ 

In the case of a triatom ic molecule, we obtain three sets of 
linear eauations of the same form as (25) and (26), together with 
one of the form (27) ; it is, however, unnecessary to pursue this 
further. 


§ 8 . Production of Chcniual Compounds hy tfu Effect of Light 
and Heat. 


When an atom of any gas strikes in its course against an atom 
of some other ^as, the question which presents itself is whether 
the two will unite to form a single molecule or not. The internal 
equilibrium of each atom will be disturbed by the impact, so that 
the resultant of the internal forces of the system formed by Che 
two atoms will in general have a value different from zero. Let 
this resultant be transferred parallel to itself until it passes 
through the centre of i^ravity, as is allowable from a theorem of 
dynamics, then it will increase its velocity of translation. The 
total energy of the system must, however, remain constant, so 
time the energy of the internal atomic vibrations must be 
diminished by exactly the same amount as that by which the 
of motion of the centre of gravity is increased. 

After the impact the internal vibrations will at be of a very 
irregular character ; but under the action of the light rays they 
will ultimately attain a condition of stationary equilibrium, 
supposing such to be possible with the diminished energy. 
When it is possible its stability will be greater, the greater 
the diminution in the internal energy. 

Consider, for example, the formation of hydric chloride gas 
by the action of light on a mixture of chlorine and hydrogen, 
accompanied as it is by a measurable development of heat. 
Both these gases eKlubit strong bright lines in the blue portion 
of tha spectrum, and, in the case of hydrogen, also in the ultra- 
violet. V ibrations of corresponding critical periods will therefore 
easily be excited, which will greatly increase the internal energy 
of the atoms. When an atom of chlorine noi^ impinges upon 
one of hydrogen, they will remain in contact for a fimte, 
though exceedingly short interval. During this interval the 
mechanical theorem relative to the motion iu)out the centre of 
gravity is applicable, since there will be no external forces acting 
on the pair of atoms during their common rectilinear motion. 
LfCt it be assumed further that the energy of the molecule formed 
by the union of the two atoms is, under the existing conditions, 
less that) the sum of their separate energies, viz. that the critical 
ibrations of the molecule are less sensitive to the action of light 
timii those of the separate atoms, then the spherical atomic shells 
will tend to execute resultant vibrations proper to the molecule 
according to g 7, so that the chlorine and hydrogen will unite to 
form hydric chloride. No energy can of course be lost, so that 
the dinerence between the internal energy of the molecules 
and that of the separate atoms will he added to that of the 
translatory motion, and will therefore become sensible in the 
form of heat. 

It will be noted that no special chemical affinity between 
chlorine and hydrogen has to be assumed, but two elements may 
be Said to have a chemical affinity whenever the energy of the 
resultant molecular vibration is, under the given conditionSf less 
than that of the separate atomic vibrations.* 


AnttaieH, vol, cxxviil.) on orysUli 
‘‘"I” w acwftlly a diOrorcnoe ia lU 
awrpHon of Hg*U in different directiont, 

A chejuical expound may therefore br regArded u produced In a nuintMir 
AiidUr to the yofUuoti of a Bpeciev on the Darwinian the tries of adaptation 
* • eeUction. A ApeciM undcrgoti variation such as to locrwUe its 

iuitabiUty to us anvironmeni. In exactly the same way two atoms will unite 
to form a molecide, when they iherc^ become less sensitive to the influanee 
of their surrouE^tngi than they would be separately. Accidental conditions 
are of no more imp^anoe In deiermining the formation of chemical 00m- 
poimds.^ww the voluntary actions of mdividual* ia determlniiiff the variation 


The given conditions may depend on light, beat, or eleetro- 
motiye force, though the cjnsideration of the ]ast-i:tamed iriay be 
eliminated (see § 16). An example of the action of heat is given 
by the formation of water from hydrogen and oxygen. Tl» 
hydrogen bums with a blue fiame. Both the elements give 
bright lines in the red portion of the spectrum, hydrogen at 8562, 
aud oxygen at 61 so that their internal energy can easily be 
increased by the action of heat, so that combination win take 
place, and thi/i U accompanied by a considerable development of 
heat. Water being a very stable compound with redpect to the 
action of heat, we should expect it to give chiefly blue lines. 
This has not hitherto been proved by direct experiment, but it 
appears to be indicated by the blue colour and intense heat of the 
hydrogen flame. 

Since the heat of combustion which is usually developed during 
the formation of oxides arises from a diminution in the internal 
energy of the atoms, we should infer that (i) the stability of an 
oxide will be greater the greater its heat of combustion ; (2) the 
spectrum of the oxide will not extend so far towards the red end 
of the spectrum as the spectra of the constituents. 

The former inference is confirmed by the researches of Favre 
and Silbermann ; the latter is found to be justified for the oxides 
of aluminium, lead, carbon, copper, and strontium (the uUra'red 
portion of the spectrum in tne case of strontium should be 
specially noted), but it cannot be expected to hold good so 
universally os the former. 

§ 9 Molecular Theory of Chemistry, 

In modern chemistry the term molecule is used to denote the 
smallest moss of a substance which can exist separately. This 
conception of a molecule is essentially different from that set 
forth iu § 7 paper. The chemical molecule may be 

simply an atom, as in tne coses of mercury and cadmium, but 
this is not the case for the molecules considered by the author. 
On the author’s theory, each atom supposed capable of separate 
existence, which agrees with chemical phenomena when the 
atoms ore considered in the isolated, or so-called nascent condi- 
tion, but appears to be in conflict with them in that Mariotte's 
(Boyle’s) law, and the comparison of the weights of equal 
volumes of various elements in the gaseous state, appear to point 
to the conclusion that their chemical molecules consist of two or 
more atoms, 

This only applies to elements in the gaseous state and under 
the ordinary conditions of pressure and temperature, and it is 
quite conceivable that in high vacua and at a high temperature, 
as for example in a Geissler tube, the atoms of diatomic molecules 
may exist separately, a dissociation taking place similar to that 
which is invariably found to occur in the case of chemical com- 
pounds under similar circumstances (see § 10). The ordinary 
hypothesis must therefore be regarded as simply expressing that 
under ord^ry circumstances the atoms of diatomic mowcules 
tend to unite in pain to form chemical molecules. 

According to § 8 , it must therefore be assumed that the diatomic 
molecules ot certain elements ore less sensitive to the external 
influences of light and heat than the separate atoms, and that 
the internal energy of such a molecule is less than the sum of the 
internal energies of its two constituent atoms. Suppose that f is 
again determined by (2) and that jr* 5= «/ cos 2ir//T, then the 
quantities a/ must be determined from the equations (25) and 
(24}* 'I'he internal energy of an atom will therefore be 

E == hr % . . + W/ + xq/ + i*)- 

The energy of a second atom of the same substance under 
identical external conditions will have the same value. If the 
two atoms are placed in contact, the new values of x£ twm be 
determined from (35), (a6), and (37). In this case, however, we 
ha.veyt » xt\ at = ct =» et, mi a so that (a6) oimI (27) 
become identical, and (27} reduces to (34), with the dlsttectioo, 
however, that the quantities Xi now represent the displacements 
relatively to the common centre of gravity, instead of relatively 
to the centre of gravity of the single atom. It therefore foUows 
that, ttoproximately, the critical vibration periods of a maksoale 
consisting of two irmilar atoms will be identical with those of the 
serrate atoms. 

Wow the energy of the molecule is juet double that of ei^er 
of the constituent atoms, so that the onion of the atoms cannot 
be due to a decrease In the internal energy. It 4 easy 
stand, however, that when two atoms have once oombi^ toy 

« Sed B A s:?4, t3S5, xn tftW. . ^ 
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will not itpBxa^te ag^ain. except under special circumstances ; bat 
so liftt the fact that different gases behave differently in this 
respect remains unexplained. If two spherical bodies collide* 
they will remain in contact only if perfectly inelastic, otherwise 
th^ will fly oif in opposite directions. 

In the Utter case the elastic h>rce3 are due to the displacement 
uf the molecules of the spheres from their positions of equi- 
librium. If the colliding bodies are two of Thomson’s atoms, 
similar elastic forces will be called into play by a displacement 
of their outer shells. If the mass svj of each of the outer shells 
is very Urge compared with that of the inner ones, the outer shells 
will remain nearly at rest after the collision, while the inner ones 
will be th^wn into violent vibration ; indeed it follows from (24) 
that JCj will be very small. The atoms will therefore behave 
very nearly as if they were inelastic, and may remain long 
enough in contact to assume a new condition of equilibrium by 
uniting to form a single molecule. Exactly the reverse will 
happen if rr/j is small compared with the mass of the inner 
shells. 

We must therefore assume that in diatomic chemical molecules 
the masses of the outer shells are very large compared to the 
sums of the masses of the interior shells, while in the monatomic 
molecules the masses of the outer shells are comparatively 
small. 

We might now inquire why it is that in general more than 
two atoms do not unite in this manner. To which the answer 
is that the more complicated the structure of a molecule, the more 
easily wfll it be broken up by the impacts of other molecules. 
We must therefore assume that in the case of diatomic 
molecules the violence and frequency of the impacts, even under 
ordinary circumstances, are sufficient to break up any molceulcs 
which may be formed containing more than two atoms ; while in 
the case of other elements, such as arsenic and phosphorus, the 
impacts are unable to break up the tetratomic molecules, even at 
the high temperature of vaporization. 

In virtue of these considerations it appears that the formation 
of a chemical compound, such as hydric chloride, is not such a 
simple process as it was supposed to be in g 7. The impacts 
will frequently produce diatomic molecules of hydrogen and of 
chlorine respectively. The final condition of equilibrium will, 
however, be arrived at on the same principle as before— namely, 
that the molecule.s of hydric chloride are the least sensitive to 
the action of light, 'I'etratomic molecules of hydric chloride, 
will not be permanently formed, as the impacts, increased in 
violence and frequency by the heat developed, will break them 
up. Similar ^siderations apply to the formation of water. 

The formation of these simple compounds is, therefore, accom- 
panied by, and due to the simultaneous breaking up of the 
ori^nal diatomic molecules of the elements present. 

Double decompositions will take place in an exactly similar 
manner, and considerations of the same kind apply to solid and 
liquid bodies, in which, however, the impacts will be very much 
less frequent. 

We also see that the broadening of the bands in the spectrum 
of a gas, especially when due to a lowering of temperature, does 
not necessarily show that the gas is a compound, as it may be 
due to the union of previously dissociated similar atoms into 
molecules. 


I 10, DhspciaUvc Action of Li^^ht and Heal, 

The fact that the same compounds which are formed by the 
action of heat are again broken up when the temperature is 
farther increased, and, indeed, the dissociation of every chemical 
compound at a sufficiently high temperature, is in apparent con- 
tradiction to the conetusionaof S 8. In the case of compounds 
formed by the action of light it is quite possible that the sntemat 
energy due to the action of heat may be greater than that of the 
atoms at the same temperature. In general, it may be that 
when the two constants (§ 1) combine to form one, the corre- 
epooding critical vibrations are only produced at a much higher 
temperature, and may then give rise to dissociation. Since, 
however, all compounds are dissociated at sufficiently high 
temperatares, there must be some other causes at work. We 
may suppose that in gases at very high temperatures the mole- 
cite are broken up simply by the vi^ence of the impacts, and 
this .process would be fiicilitated by the molecules not being 
s^rimncal in form. 

The dissociative action of light observed in certain cases cannot 
of Course have a similar general explanation, ahd mutt not be 
attributed to special chetnkal properties of l%ht of certain wave- 


lengths, but to ihe values of the internal constants of the 
molecules being of a kind specially favoarable to such action. 
Thus, as the author points out, we are led to the point of view 
expressed by Lockyer,^ as follows : — 

“ 'J be causes which arc given in the text -books, sliowing us 
the maxima of heat, light, and chemical action, are, I fancy, 
merely causes showing us, it were, the absorption spectra of 
those substances by which the maxima have boon determined — 
whether they be lamp-black, the coating of the retina, or salts of 
silver, and arc really altogether independent of the nature of 
light.” 

§ It. Fluorescence, 

It has been pointed out in § 4 how critical vibrations may be 
excited in a molecule by external disturbances, causing the mole- 
cule to emit light of a certain wave-length. The disturbance was 
supposed to be due to the action of heat, but from what has 
gone before it is clear that they may be produced by ether 
vibrations if only the molecule or atom is very sensitive to light 
vibrations. For as soon as the impact of light Waves of a 
certain (critical) vibration period has raised the internal energy 
of the molecule to its maximum value, the molecule itself — that 
is to say, its centre of gravity — will begin to execute vibrations ; 
the different molecules will strike against one another, and the 
result of these encounters will be to produce vibrations of the 
other critical periods of the molecule, which will be different 
from the vibration period of the impinging light. 

The substance will therefore emit rays different from those 
which have fallen upon it. Asa matter of fact some substances 
having such special sensitiveness have been observed, and are 
known as fluorescent substances. The phenomena of fluorescence 
must therefore be attributed to the abiorption of light, as was 
pointed out by Stokes. 

A fluorescent body is to be regarded as one in which the 
molecular constants c, have such values that the corresponding 
light vibrations can be easily excited by external impulses. 
Fluorescent substances must, in agreement with Stokes’s con- 
clusions, be regarded as being exceptionally sensitive. 

The theory does not lead to the law which has usually been 
asserted, that the emitted light must necessarily be of longer 
wave-length than the impinging light, and therefore the theory 
is not inconsistent with Lommers observations on naphthalin 
red. 

Fluor-spar exhibits the phenomena of fluorescence to an ex- 
ceptional degree. It may be that fluorine itself is exceptionally 
sensitive to the action of light, and that the formation of the 
mineral has not altogether destroyed this sensitiveness. If this 
be so, it would explain the impossibility of preventing fluorine 
from entering into combination with any substance with which it 
is in contact. G. W. de Tun^elmann. 

{To be continued.) 


THE FORESTRY SCHOOL IN SPAIN 


TN a Report to the Foreign Office which has just b6en published 
L the British Ambassador at Madrid states that Mr. Gosling, 
First Secretary to the Embassy, has had the opportunity of 
studying the excellent School of Forestry established at the 
Kscurial, and as great interest is now taken in forestal science in 
England, and as efforts are being made tp establish a British 
National School of Forestry, he sends the information co 2 (ected 
by Mr. Gosling at an institution which, he thinks, is well 
adapted as a type for a similar institution in England. 

Forestal legislation in Spain dates as far back as the close of 
the fifteenth century - that is, in the reign of Ferdinand and 
Isabella— 4nd there is reason to l>elieve that reckless destruction 
of the rick forests was checked from time to lime by Royal 
ordinane#. At the close of the sixteenth century Madrid was 
surrounded by dense forests; in fact, the city arms— a bear 
climbing up a green tree-— bear out the old chroniclers when 
they speak of the forests which lay around the city, which 
must have existed in the time of Charles V. So far is this from 
being the case at present that for the most part the districts 
around Madrid are treeless and unproductive, and as a conse- 
quence exposed to the furious mountain storms, and unsheltered 
in the scorchii^ Summer, whence comes the extreme unhealthi- 


*■ ** Stadias in Spaotmm Analysis," p. tia 

• Thomaoa mtmionitd. "tsctarcs on MolscuUr Dynamics" P- *80, that 
his tbnory oTabsorpeton woutdaceouai for ths phenomena of fluoresoeaoe, 
but he*4id uot follow up the subject, j 
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Aetg Ibr Any person with a deUcste constitution. While Spanish 
rule in South America carefully protected the forests from de- 
struction, U permitted this to go on almost unchecked at home. 
Towards the end of the last century the great agrarian lawyer 
and reformer, Jovellonos, who was the first to call the attention 
of Spain to the dism^ous effects which were being produced by 
the want of supervision of the forests, wrote a pamphlet entitled 
**lnfonne de la Sociedad economica de Madrid, al real y 
snpremo Consejo de Castilla, cn el ex^iente de agraria 
extendido pot su individuo de numero Don Mclehor Caspar dc 
Jovellanos h. nombre de la Santa encaigadn de su formacion, y 
con arreglo i sus opiniones. ” This pamphlet pavecl the way for 
the present excellent system of forestry. Special ordinances were 
passed in the year 1835 for the foundation of a school of forest 
engineers, but at the time no practical steps were taken ; but ten 
years later, when domestic troubles had to some extent passed 
away, the ** Escuela especial de Ingenieros dc Montes’* (School 
of Forestry) was firmly established and was followed by the 
formation pf a corps of forest engineers. The first School of 
Forestry was situated at Vdlavictosn, not far from Madrid, and 
was under the control of Seflor Bernardo de la Torre Rojas, who 
is still styled ‘‘ el padre de la Escuela Espattola de Montes.” In 
1869 the school was transferred from Villaviciosa to the Escurial, 
part of which had been granted by the Covernment in the pre- 
ceding year for that purpose. This institution is now under the 
direction of Sefior Bragat y Viflals, and there arc nine professors 
and three assistants under him, all of whom must have served 
five years on the staff of forest engineers. The annual salaries , 
of these officers amount to ;fi40o, and appear in the annual 
Budget of the Minister of “ Fomento,” which Department 
includes public works, industry and commerce, agriculture, •! 
public instruction. The total yearly cost of the school is il‘1700. 
The following arc the subjects taught by the professors, each 
group having a professor: (i) forestal legislation ; (2) political | 
economy, forestal meteorology ; (3) applied mechanics and 
forestal construction ; (4) topography and geodesy; (5) rficmistry, , 
mineralogy, and geology (applied) ; (6) botany ; (7) sylviculture, | 
(8) zoology and forestal industries ; (9) classification of forests ! 
and their valuation. The instruction is free, but the books and 
instruments are charged for. The vacation depends on circum- 
stance.*. If the practical work is completed, the months of 
August and September are given ; four days in Decem>)er and 
three during the Carnival aie given — that is, in nil about nine 
weeks. The number of students is practically unlimited. The 
school U open to all who pass the preliminary examina- 
tion— that is, to all who fchow proficiency in Spanish and Latin 
grammar, geography, and Spanish history, elements of natural 
history, of theoretical mechanics, geometry, and its relations to 
projections and perspective, physics, chemistry, lineal, topo- 
graphical, and landscape drawing, and an elementary know- 
ledge of French and German. Immediately on entrance to the 
school, particular attention is paid to topography, chemistry 
(practical), nnd mathematics (ajjplied). The topography course 
includes the object of topography, and the difference between it 
and gfeodesy ; the rules of triangulation and methods of demon- 
strating the physical characteristics of the ground under survey ; 
chart and plan drawing ; and an intimate knowledge of the use 
of the instruments used in foiestal topography. The course in 
chemistry is very wide, including every detail of the applied 
science appertaining to botany, mineralogy, and sylviculture. 
In the school is a very fine collection of chemical apparatus and 
instrument!’, including those of Bunsen, Dupasquier, Gay* 
Lussac, Donovnn, Ac, Every kind of instrument required in 
npjdicd mechanics is also here. There is a very gooti library of 
books attached to the school, comprising about 3000 volumes on 
mathematics and the physical sciences, natural history, langua^, 
literature, and history, arts and manufactures, &c. During tne 
first year the studies are topography, differential and integral cal- 
culus, descriptive geometry, applied mathematics, and chemistry. 
In the second year the subjects are mechanics, geodesy, meteoro- 
logy» climatology, construction, and drawing ; in the third year, 
mineralogy and applied zoology, apt^lied geology, botany, ana 
sylviculture ; in the fourth year, kilometry, scientific clas^ca- 
flon of forests, forest indusiries, law, and political economy. On 
the completion of this four years’ course, the successful cstidl^ 
dates arc appointed to the staff of forest engineers. This eoipt 
consists of 3 general inspectors, 15 district inspectors, 40 chief 
engineers of the first class, jo chief engineers ofthe second class, 
60 second engineers of the first class, and 70 of the second class. 
There are also 25 assistants of the first class, 3150 of the second 


class, and 420 foremen planters. The salaries of the she gndes 
of engineers are respectively j£fOO, £400^ £^0Ot ^^60,4300, 
^160, besides an active service allowance of 41 a day to 
inspectors, lAr. aday to chief engineers, and I2r. a day to m 
others. The countiy is divided into 46 forestal departments, the 
forest in each case being under the care of a chief engineer, But 
the inspecting officers reside in Madrid. 


SCIENTIFIC SERIALS. 

American youmal of August. — Hi'itoryof the chan|^ 

in the Mount Loa craters ; Part 2, on Mokuaweoweo, or uie 
summit crater (continued), by James D. Dana. The subjects 
here considered are (i) the times and time-intervals of eruptions 
and of summit illuminarions or activity, with reference to 
periodicity, relations to seasons, variations in activity since 
1843, and lastly the changes in the depth of the crater ; (2) the 
ordinary activity within the summit crater ; (3) causes of the 
ordinary movements within the crater. Among the general 
conclusions are the rejection of any law of periodicity, and the 
apparently established fact that the inland waters supplied by 
precipitation are the chief source of the vapours concerned in 
Hawaiian volcanic action. Then follows Part 3, dealing with 
the characteristics and causes of eruptions ; metamorphism under 
volcanic action ; the form of Mount Loa as a result of its 
eruptions ; the relations of Kilauea to Mount Loa ; lastly, 
general volcanic phenomena, — The I'ayette County (Texas) 
meteorite, by J. E. Whitfield and O. P. Merrill, 'fhe specimen 
was found about ten years ago on the Colorado River near La 
Grange, Fayette County. It weighs about 146 kilogrammes, and 
analysis shows that the rocky portion consists essentially of 
olivine and enstatite with some pyrrhotite. It belongs to the 
class to which G. Ro.se has given the name of “chondrites,” 
and its most striking feature is its fine and compact texture, 
exceeding that of any similar meteorite known to the authors. 
Evidence of the fossil plants as to the age of the Potomac 
formation, by Lester F. Ward. From these researches it ap- 
pears th.it no Jurassic species, but many strongly Jurassic tyt>es, 
occur. The Wcalden furnish es the laigest number of identical 
species, after which follow the Cenomanian and Urgonian, All 
these formations also yield many allied species, which, however, 
are most abundant in the Oolitic. Altogeiber ,,the flora would 
appear to be decidedly Cretaceous, but probably not higher than 
the Wcalden and Neocomian. — E. H. Hall describes some 
experiments carried on for over three years at Harvard College 
on the effect of magnetic force on the equipotential lines of an 
electric current ; and Thomas M. Chathard gives the analyses of 
the waters of some Californian and other North American 
alkali lakes. 

AJitnoircs de la SocM Anthropologies tome troisieme 
(Paris, 1888). — This volume contains an exhaustive treatise by 
Dr, Nicolas on automatism in voluntary acts and movements. 
The author, who U on ardent opponent of the materialistic and 
atheistic views common to many of his scientific brethren, is 
especially anxious to call attention to questions such as those of 
which he here treats, and which have hitherto been lUtle con- 
sidered in France. The main conclusion that he draws from the 
accumulated mass of facts, which he has borrowed principally 
from the labours of British and German biologists, is that the 
superiority of an animal in the scale of being is determined by 
the degree of liberty which it enjoys in controlling reflex actions, 
and directing automatic reactions.— Contribution to the study of 
anomalies of the muscles, by M. Ledouble, The principal 
subjects here treated of are the variations in the iliac, costal, and 
spinal processes of the latiasimus dorsi muscle.— FhilosojAby, 
considered from an anthropologicaT point of view, by Dr. 
Fanveile. Although the writer pasMs in review the various' 
schools of philoso^my which have sprung up in various periods 
of time, Iris purpose is rather to follow the gradual evolution of 
philosophic thpught from the first appearance of man, than 4o 
recount its history. Pointing out that compatative anatomy and 
physiology teach us that intelligence de}wds darectiy on the 
number and degree of differentiation of the cerebral celluk*,, he 
aeks whether we must assume that thetc have reached th^r 
utmost limits of development, or whether new manifestations of 
cwebral perfection may not be reserved for man? Aceocdiitg te 
his views, religions of all forms, and specutativd phi tosophy, hive . 
equally hod the effect of inip^ing «^'ery kind of IndetAiidedt 
ifitellecluai labour, and have thus in dMforent paarts of theumvmift 
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ABd Ifl diUlvtvtit a«9 applted^succeftsivA checks to cerebml evpla- < 
tton# which Dr. rauvelle re^rds as identical with human pro* I 
girett. — Ob the hand and ngure of native East Indians, by ' 
Dr. Mttgnler. In this exhaustive article the author gives 
elaborate measurements baaed on hU own observations ol the 
maxima and minima and the means of every part of the hand 
specially, and of the body generally, in the six principal Asiatic 
races, with tables of comparative measurements of Europeans. 
From these it is seen that the absolute size of the hand among 
Asiatics is less than in Europeans, the JapaneKc approximating 
most closely to the estimates given for the latter, while the 
Malays exhibit the lowest maximum. In regard to stature, and 
relative proportions of figure, all Asiatics are inferior to Europeans, 
the Japanese presenting the greatest divergence, while the Arabs 
of Yemen approximate most nearly to the general means of 
European races.— An anthropological and ethnographic study of 
the kingdom of Cambodia, by Dr. £. Maurel. Shaded maps 
of the territorial divisions of Indo-China fnmi the seventh century 
to the present time curiously illustrate the varying supremacy of 
Siamese, Laos, and Cambodian tribes in that ]>ortion of the Far 
East which lies between the China Sea and the Indian Ocean. 
The rapidity with which alluvial deposits are formed would seem 
to justify the author’s assertion that the territories now known as 
Cochin-China and South Cambodia are of recent geological 
origin, and were possibly submerged till near the dawn of 
actual historical ages. Interesting information is (.upplied as to 
the effect on the land, and the habits and pursuits of the people, 
of the regular inundations to which the country is exposed by the 
overflow of the Mekong, the great river which, rising in East 
Tibet, flows southward till it divides into three branches in the 
heart of Cambodia, ami ultimately forms the important inland 
sea of Toule Sap, whose area excels 30CX) kilometres before the 
return of the current temporarily diminishes its volume. The 
orography and the climatology of the district are carefully treated, 
but the materials seem still wanting for supplying us with any 
exact data aa to the numbers and ethnic character of the population. 
— Elatycnemia in man and the Anthropoda, by M. Manouvrier. 
After describing the actual anatomical characters of this peculiar 
lateral flattening of the tibial bone, the writer cousklers the 
grounds on which this condition has been regarded as n character 
of inferiority by which certain prehistoric and other ancient 
races would seem to show their affinity to the anthropomorpha. 
This opinion he absolutely rejects, and finally asserts, as the 
result of hU comparative anatomical investigations of f issil and 
recent tibioe, that platycnemia has existed and still exists among the 
most different human races, although it is of very rare occurrence 
among certain savage peoples, as the Negroes of Africa, and the 
Indians of California. He denies that it is a special sltnian 
characteristic, since, notwithstanding its frequent occurrence in 
the chimpanzee and gorilla, it does not present the same features 
in them as in man, and finally he believes that, even if it were 
originally transmitted from some arboreal anthropoid, it has been 
ronmiained simply by the activity of an ciscntially human 
function, Its survival being most frequent among nations and 
tribes addicted to hunting and fishing, or compelled by sudden 
and great differences of elevation, or extreme inequalities of the 
surface, to make exertions in ascending and descending steep 
heights, by which the tibial bones are continuously and often 
violently exercised. Finally, platycnemia manifests itself only 
in the human and anthroi>o1d adult, the young being free from Ur 


SOCIETIES AND ACADEMIES, 

Sydney. 

Roynl Society of New South Walee, May 2.— Annual 
Meeting* “C- S. Wilkinson, Government G^logist, President, 
in the chair,-— The report stated that twenty-four new members 
had been elected dtmog the year, and the total number on the 
roll on April 30 483. —Dr. Michael Foster. F.R.S., Pro* 

fmor of Pbysiolof/i University of Cambridge, had been elected 
an honorary meiSber.— During the year the Society held nine 
meetings, at whi^ the following papers were read j— Presi- 
dential Address, by Christopher KolWon, C M.G.— l^ecent 
work on flying machines, by L, Hai^rave.— Some N.S.W, 
tai»-«ab»tairoeBk Parts x, 2, 3, and 4, by Hi. Maiden.— Notes 
on the experience of other countries m the adminlstmtion of 
tMr water aupply, by H, G. McKini»y.-^Notes on some in- 
eimdjns observed in a specimen of the Queensland opal, by 
D. A. Porier. —The influence of bush fires tu the distribution 


of species, by Rev. R. Collie. — Origin and mode of occurrence 
of gold-bearing veins and of the associated minerals, by Jonathan 
Server. — Results of observations of comets vi. and vU,, 1886, at 
Windsor, N.S.W,, by John Tebbatt. — Port Jackson silt b^s, 
by F. B. Gipps,— On the presence of fusel oil in beer, by W, M. 
Hamlet. — Autographic instruments used in the development of 
flying machines, by Lawrence Hargrave. — The Medical Section 
held seven meetings, fourteen papers being read ; the Sanitary 
Section four meetings, five papers read ; aud the Microscopical 
Section held eight meetings.— The Clarke Medal for the year 
1888 had been awarded to the Rev. J. E. Tenison- Woods ; the 
Society’s bronze medal and money prise of ;^25 had been awarded 
to Mr. Jonathan Seaver for his paper on the origin and mode 
of occurrence of gold-bearing veins and of the associated minerals ; 
and the Council has since issued the following list of subjects, 
with the offer of the medal and a prize of ;^35, for each of the 
best researchc;^, if of sufficient merit ; (to be sent in not later than 
May I, 1888) anatomy and life-history of the Echidna and 
Platypus ; anatomy and life-history of Mollusca peculiar to 
Australia ; the chemical composition of the products from the 
so-called kerosene shale of New S.iuth Wales (to be sent in not 
later than May i, 1889) on the chemistry of the Australian 
gums and resins ; on the aborigines of Australia ; on the iron 
ore deposits of New South Wales ; list of the marine fauna of 
Port Jackson, with descriptive nole-s as to habits, distribution, 
&c. ; (to be sent in not later than May i, 1890) influence of the 
Australian climate, general and local, in the development and 
nullification of disease ; on the silver ore deposits of New Smth 
Wales ; on the occurrence of precious stones in New South 
Wales, with a description of the deposits in which they are 
found. — The Chairman read the Presidential Address, and the 
officers and Council were elected for the ensuing year.- --A com- 
pressed air-engine for driving a flying machine was exhibited by 
Mr, L. Hargrave. The engine weighed only 2 lbs. 7 oz. ; 
cylinder, i J inch diametci ; stroke, z inches. Tlic receiver for 
the compressed air was 0*21 cubic feet capacity, made of Tpn-inch 
steel, single riveted and brazed. The bursting pressure was 
900 lbs., working pressure 500 lbs., and reduced pressure 
900 lbs., per square inch. There would be 9200 foot-pounds 
available for work ; this power would have to be expended in 
from half to three-quaiters of a minute. The charged receiver 
weighed 6 lbs. 12 oz., wood and paper work about 2 lbs. A 
small Richards’s indicator hn I been made for adjusting the 
piston-valve. The machine was intended for a flight of 200 
yards. 

June 6. — Sir Alfred Rol/ert.s, President, in the chair.— The 
Chairman announced that the Council had awarded the Society’s 
medal and prize of to the Rev. J. E. Tenihon-Woods for 
his paper upon the anatomy and life-history of Mollusca pecu- 
liar to Australia. —The following papers were read Notes on 
some minerals and mineral localitie.s in the northern districts of 
New South Wales, by D. A. Porter. — Forest destruction in 
New South Wales, and its effect on the flow of water in water- 
courses, and on the rainfall, by W, E. Abbott. — The increasing 
magnitude of v Argfls, by H. C. Russell, F.K.S. — On a 
simple plan of easing railway curves, by W. Shellshcar. — Indi- 
genous Australian forage plants (exclusive of grasses), including 
plants injurious to stock, by J. H, Maiden. 

July 4. — Sir Alfred Roberts, President, in the chair. — A dis- 
cussion took place upon Mr. W. E. Abbott’s paper on forest 
destruction in New South Wales, and its effect on the flow of 
water in watercourses and on the rainfall, read at the preceding 
meeting. The general result of the discussion was to the effect 
that the destruction of forests had no appreciable effect on the 
rainfall. — The following papers were read : — On an improve- 
ment in anemometers, by H. C. Russell, F.R.S. —On the 
anatomy and life-history of Mollusca jieculiar to Australia, by 
the Rev. J. E. Tenison- Woods, in which the author gave 
evidence as to the existence of eyes in the skulls of many 
Australian Mollusca. 

Paris. 

Academy of 8ei«no«a, August 27.— M. Janssen, President, 
in the chair. — Observations relative to a previous communication 
on a general property of elastic solid bodies, by M. Maurice 
Levy. The author’s attention has been called by M. Bousslnesq 
to the fact that the final formula of his note inserted in the 
Cifmpta ngm 4 m of August 13 is found in Prof. Betti’s lectures on 
the tbeoty of dectricity. He conseqaenlly points out that the 
theoreiQj which forms the chief object of that note, must also be 
accredit^ to the same illustrious geometrician.— Observations of 
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Brooks’s comet made at the Observatory of Algiers with the 
d'p m. telescope^ by MM. Ti^piccl, Sy, and Renaux. The 
observations are for the period from August ii to August 15 in- 
clnsive. On the former date the brilliancy of the nucleus was 
about e<^ttal to that of a star of the tenth magnitude ; diameter of 
nebulosity about T, with faint tail in the direction of the diurnal 
movement.— Observitticms of Fnye*s comet made at the Observa- 
tory of Nice, by M. Pefrotin. TTiese observations were made on 
August H, 14, and 17,— On some experiments with the marine 
telephone, by M, A. Hanar^. These experiments were carried 
out by order of the Minister of Marine, at Brest, by means of 
the apparatus to which the author has given the name of 
“hydrophone,” Sounds emitted by various sonorous instru- 
ments, such as bells, whistles, and trumpets, were distinctly 
heard, that of a bell weighing 150 kilo^ammes at a distance of 
<300 metres. The experiment, with a snip under way also gave 
favourable results, and here also the tinging of a bell was clearly 
detected at a distance of 1400 metres simultaneously with the 
noise of the engine and screw of the tug. — On the remains 
and zoolt^ical affinities of Testudo perpiniana^ a gigantic fossil 
turtle of the Perpignsn Pliocene epoch, by M. P. Fischer. This 
mamificent specimen, discovered by M. A. Donnezan, and de- 
scribed by M. Ch. Deperel, has recently been acquired by the 
Palaeontological Department of the Paris Museum. A compara- 
tive study of the remains (various parts of the carapace) leads to 
the conclusion that it must have been a gigantic species of a 
living African group {Testudo fardatis^ sulcata). Its affinities 
with tbe gigantic turtles nt present confined to the Atclahra 
Islands in the Indian Ocean, and the Galapagos in the Pacific, 
do not appear to have been established. Its relations with the 
Chersites of South Europe are also doubtful, so that it may be 
considered as a Pliocene survival in the south of France of an 
older land fauna of an African type. Its ancestors m^ perhaps 
be found amongst the large turtles discovered by M. Gaudry in 
the Mount Leberon beds, btit which are known oftly by some 
fragments of the carapace. — The Secretary announcecl the death 
of Herr Rudolf Ciau».ius, Corresponding Member of the Section 
for Mathematics, who died at Bonn on August 24. 

Berlin. 

Physiological Society, August 3. — Prof, du Bois Reytnond, 
President, in the chair. — Dr. A. Kdnig gave an account of 
researches which he had carried out, in conjunction with Dr. 
Brodhun, for the experimental testing of Fcchner’s psycho- 
physical law in its relationship to the sense of sight. In the 
case of lights whose brightness varied between the limits T^and 
3000OO of the unit used, it wo* necessary to measure at six 
different pmnts of the spectrum — that is to say, for six different 
kinds of monochromatic light— the minimum change of intensity 
which could he appreciated as a change at all. The experiments 
were carried out on tbe trichromatic eye of the speaker and the 
dichromatic eye of Dr. Brodhun. The observer sat in a dark 
chamber, into which the eye end of the observing telescope 
projected, and was able, by the rotation of a handle, to vary the 
relative b rightness of the upper and lower half of the field of 
vision until the difference was just perceptible. The field of 
vision was illuminated by a double slit, through which the pure 
spectral red, orange, yellow, green, blue, or violet iSght could be 
admitted. The upper half of the slit was fixed, while the lower 
half could be widened or narrowed by the observer, and the 
amount of the alteration in width* of the slit observed and 
recorded by an assistant. The source of light used was a 
gas-burner with zirconium light. Several thousand separate 
observations were made, from which it was found that the 
several col our- systems have no influence on the sensitiveness to 
differences in brightness of lights ; the values obtained in the 
case of Dr. Kdnij^ eye were identical with those obtained for 
Dr. Brodhun’.s. The shape of the curve which expressed the 
percentage relationship of the lea®t ^'w'^sible perceptible change 
in intensity (expressed as an ordinate) to the intensity of the 
light itself (expressed as an abscissa) was the same for all the 
above six colours, differing only in the case of lights of minimal 
intensity. The curve was not a straight line for all iritensHles 
of light which were investigated, as it should be according to 
FechncFs Jaw. In the case of the greatest and least intenntiea 
of light it was found that the smallest increase of intensity which 
was just perceptible was greater than in the case of medium 
intensities of light. With weak illumination the curve for tights 
of greater wave-length, such as red. orange, and yellow, wmt 
Sleeper than for lights of shorter wavc-jength. From this the 
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Speaker pointed out that the divergence in the curves of «cnsi^ 
tivenm to varying intensities commences with that intensity at 
which, according to Porkinje, the suli^ective sensitiveness to 
lights of different kinds chan«s as their intensity is diminish^, 
and in the same way as does the sensitiveness to varying 
intensities. The speaker concluded with some interesting 
considerations respecting the zero-point of the curve and the 
negative parts of the abscissse. — Dr. Uhthoffgave an account of 
experiments made with a view to determining the amount of 
change in wave-length of spectral lights which are necessary to 
produce the least perceptible difference in their colour. The 
object of the experiments was to subject the results obtained by 
Dre. Konig and Dieterlci to a renewed testing, in answer to 
objections which had been raised against them. Using the 
same apparatus, hut a different method, be had confirmed their 
results. He also found, as Pearce had done in 1S83, that the 
sensitiveness to change of colours is greatest for yellow and blue, 
and least for red and green. 
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A/ffen: Prof. Dr. E. Askenasy (Berlin). — Journal of the Chemical Soc.eiy, 
arptember (Gurney and Jack-on. 
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THURSDAY, SEPTEMBER 13. 1888. 


EXPERIMENTS ON THE GROWTH OF 
WHEA T 

The Rothamsied Experiments on the Growth of Wheat, 
Barley y and the Mixed Herbage of Grass Land, By 
William Fream, B.Sc. Land., LL.D.* Professor of 
Natural History in the College of Agriculture, 
Downton. (London : Horace Cox, Field 1888.) 

T he long series of reports which have emanated from 
Kothamsted since 1847, and which lie buried to 
most readers in the Journals of the Royal Agricultural 
Society, as well as in those of our more purely learned 
Societies, have long needed an editor. Back numbers of 
serials are not particularly attractive to the modern reader. 
The laborious papers by Sir John Lawes and his in- 
defatigable colleague Dr. Gilbert would have run some 
little danger of being buried alive had not an able editor 
and exponent been found. Happily, Dr. Fream possessed 
the necessary knowledge and discrimination for this task, 
and, with the entire concurrence of the original investi- 
gators, the upshot is a valuable digest of a certain section of 
the results obtained—nameJy, those relating to the cereals 
and the grasses. The volume is adapted for reference 
rather than for rapid reading, although the sections upon 
the influence of climate on the cultivation of wheat, and 
upon the home produce, imports, and consumption of 
wheat, are less close in fibre, and may be scanned with 
greater ease. The bonk is, in fact, rather for students 
than for the omnivorous reader, but nevertheless appeals 
to a very large constituency. All landlords, land agents, 
and farmers, as well as agricultural students (now a 
numerous class), will welcome Has giving, in a compendious 
form, and in digested condition, matter which is scattered 
through many periodicals. 

The results of continuous wheat and barley growing 
year after year upon the same land— without manure of 
any kind, with annual dressings of dung, with annual 
dressings of nitrogenous manures, with annual dressings 
of mineral manures, and with annual dressings of mixed 
nitrogenous and mineral manures— are all given. The 
fact that wheat and barley have been grown for forty 
years in succession without manure upon the same land, 
while the entire straw and grain have been removed, 
is in itself striking, and still more singular is it that ^he 
average produce during all these years is equal to the 
average yield of Australia, and exceeds that of many of 
the United States of America, It is also noteworthy that 
the yield of the last crop comprised in these reports— 
that of 1883 — is 13I bushels per acre, or within one- 
fourth bushel of the average during the entire period of 
forty years. With regard to manures, minerals alone 
have added very slightly to the unmanured produce ; 
whereas, manores containing nitric acid alone, or some 
easily nitrifiajjfe compound of nitrogen, have considerably 
increased the irop. Manures consisting of potash, phos- 
phoric acid, 4nd nitrogen in the form of ammonia salts 
or nitrates, arc able to grow heavy crops of wheat con- 
dnuously. U is clearly shown that such compounded 
fertilizers, containing both the mineral and nitrogenous 
con^ituents of plant food, can grow crops superior to 
VOL. XXXVIIL— No. 985, 


what arc produced by annual dressings of fourteen tons 
per acre of farmyard manure. Also the proportion of 
the nitrogen applied which is made use of by the growing 
crops is much higher in the case of the artificial fertilizers 
than in the case of the farmyard manure. A larger pro- 
portion, in fact, of the nitrogen applied is recovered by 
the crop in the case of the artificial dressings. On the 
other hand, the residuary effect of nitrogen applied in 
combination with carbon (as in farmyard manure) is 
much greater than in the case of applications of prepared 
salts of ammonia or of nitric acid. 

The ease with which fertility can be kept up by 
artificial applications forms, in the opinion of many 
agriculturists, a reason for discarding the more cumbrous 
method of keeping up the fertility of land by means of 
live stock and the dung-cart. But it must be remembered 
that no artificial manure accumulates fertility in a soil 
like farmyard manure, and its nitrogen, being liberated 
gradually, is available over a long series of years, and 
especially so at those seasons of the year in which 
vegetation is most in need of it. 

The grass experiments are of great interest. First, we 
have the different quantities of hay produced by various 
dressings of manorial substances ; but more remarkable 
are the changes brought about in the species of grasses 
predominating on various plots by the influence of 
fertilizers applied during a long series of years. On 
the plot, for example, to which ammonia salts have 
been continuously applied for thirty years, the total 
number of the species originally extant has been much 
reduced, three-quarters of the produce being composed 
of Festuca ovina and Agrosiis vulgaris. The leguminous 
herbage has disappeared. On the plot manured con- 
tinuously with superphosphate, the number and relative 
predominance of the plant species is much the same 
as without manure, with a prevalence of Lathyrus 
pratensis among the Leguminosa.*, and an increase of 
Ranunculus repetts, R. bulbosusy Achillea Millefolium, 
and Rumex Autosa, Again, when ammonia salts and 
mixed mineral manures are applied, becomes 

the prevailing grass. These examples must suffice to show 
the great changes wrought by continuous applications, and 
the principle of the survival of the fittest under regulated 
alterations of the environment. 

Complicated and multifarious as are these experiments, 
the general conclusions for the guidance of agriculturists 
are reducible to a few simple deductions. Thus the 
superior excellence of nitrate of soda as a fertilizer for 
cereals and for grasses is distinctly shown. The necessity 
of nitrogenous manures, such as nitrate of soda and 
ammonia salts, as means of bringing out or developing 
the effect of the so-called mineral manures, such as potash 
and phosphates, is constantly proved. The comparatively 
small value of many constituents of plants (owing to 
their already existing in sufficient quantities in most 
soils), such as soda, magnesia, and silica, is also placed 
beyond doubt. The residual effect of farmyard manure, 
and its consequent power of not only keeping up but 
indefitiitely increasing the fertility of a soil, are points 
greatly in its favour ; while the slowness of its action, and 
the very small proportion of its nitrogen which appears 
to be recoverable at any particular time, are considerations 
which weigh against it. The residual effect of mineral 
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dressings applied many years ago as affected and brought 
out by continuous dressings of nitrogenous manures is 
another significant fact ; while the evanescent effect of 
nitrates applied as salts contrasts unfavourably with the 
coAtinued effects Of^ nitrogenous matter in organic com^ 
bination with carbon. Prof. Fream’s book is a sub* 
stantial addition to agricultural literature, and it is satis- 
factory to find that the editing of such important results 
has been carried out, with the “kind and ready assistance 
of Sir John Lawes and Ur. Gilbert, by one who brings 
sound scientific attainments to bear upon a stupendous 
number of observations made during a series of forty 
years. There is room for a second, if not a third volume, 
as the experiments upon the cultivation of the root crops, 
the leguminous crops, and the elaborate researches made 
at Hothamsted upon the fattening of animals, are not 
touched in this first instalment. 


THE JAPANESE VOLCANIC ERUPTION. 

T he Times of Tuesday contains a long letter from its 
Japan Correspondent describing the scene of the 
recent volcanic explosion in the Handai-san region in 
Northern Japan. This is the first account by a foreign 
eye-witness that has reached the outside world. The writer 
appears to have started immediately from Tokio for the 
scene of the disaster, where he spent four days going care- 
fully over the ground, examining the phenomena connected 
with the outburst, and hearing the stories of the survivors. 
The communication which is the result of these investiga- 
tions, and which was evidently written while the 
powerful impression left by the scene of awful desolation 
was still fresh in the writers mind, is probably one of the 
most graphic and detailed accounts (jf the immediate 
results of a stupendous volcanic explosion that has ever 
been published. Kandai-san is a mountain about 5S00 feet 
high, and has shown no sign of activity for about eleven 
hundred years. On its north-eastern flank was a sub- 
ordinate peak known as Little Handai-san, which rose 
directly alDove a group of three solfataras. 

At about 8 o'clock on the morning of July 15 (here, as 
throughout almost the whole of this article, >vc quote the 
Times Correspondent), .almost in the twinkling of an eye, 
Little Bandai-san was blown into the air and wiped out of 
tbe map of Japan. A few minutes later its d^is had 
buried or devastated au area about half the size of 
London. A dozen or more of upland hamlets had been 
overwhelmed in the earthen deluge, or wrecked by other 
phenomena attending the outburst. Several hundreds of 
people had met with sudden and terrible death. Scores 
of others had been injured ; and the long roll of disaster 
included the de.struction of horses and cattle, damming up 
of rivers, and laying waste of large tracts of rice-land and 
mulberry-groves. A small party was organized in Tokio 
to visit the scene. As the travellers approached the 
mountain, they were told that twenty miles in a 
straight line from riimdai-san no noise or earth- 
quake was experienced on the J5th, bm mist and 
gloom prevailed for about seven hours, the result of a 
shower of impalpable blue-gray ash, which fell to a depth 
of half an inch, and sorely puzzled the inhabitants. An 
ascent of about 3000 feet was made to the back of the 
ncwly-fonncd crater, so as to obtain a clear view of it and 
of the country which had been overwhelmed. Only on 
nearing the end of tbe ascent were they again brought 
face to face with signs of the explosion. Here^ besides 
the rain of fine gray ashen mud which had fallen on and 
stili covered the ground and all vegetation, they came upon 
a number of freshly -opened pits, evidently in some way the 
work ol the volcano. Ascending the last steep rise to the 
ridge behind Little Bandai-san, signs of the great disaster 


grew in number and intensity. **Fcetid vapours swept 
over us, emanating from evil-looking pools. Great trees 
torn up by their roots lay all around ; and the wltole face 
of the mountain wore the look of having been withered by 
some fierce and baleful blast. A few minutes farther and 
we had gained the crest of the narrow ridge, and now, for 
the first time, looked forth upon the sight we had come to 
see. I hardly know which to pronounce the more 
astonishing, the prospect that now opened before our 
eyes or the suddenness with which it burst upon us. To 
the former, perhaps, no more fitting phrase can be applied 
than that of absolute, unredeemed desolation— so intense, 
so sad, and so bewildering, that I despair of describing it 
adequately in detail. On our right, a little above us, rose 
the in-curved rear wall of what, eight days before, had 
been Sho-Bandai-san, a ragged, almost sheer, cliff, falling, 
with scarce a break, to a depth of fully 600 feet. In front 
of this cliff everything had been blown away and scattered 
over the face of the country before it in a roughly fan- 
shaped deposit of for the most part unknown depth — 
deep enough, however, to erase every landmark and con- 
ceal every feature of the deluged area. At the foot of the 
cliff, clouds of suffocating steam rose ceaselessly and 
angrily, and with loud roaring, from two great fissures in 
tlie crater bed, and now and then assailed us with their 
hellish odour. To our eyes, the base denuded by the 
expk>sion seemed to cover a space of between three and 
four square miles. This, however, can only be rough 
conjerture. Equally vague must be all present attempts 
to determine the volume of the disrupted matter. Yet, it 
wc assume, as a very moderate calculation, that the mean 
depth of the dtbris covering the buried area of thirty 
square miles is not less tlian 15 feet, we find that the 
work achieved by this last great mine of Nature’s firing 
was the upheaval and wide distribution of no fewer than 
700,000,000 tons of earth, rocks, and other ponderous 
material. The real figure is probably very much greater.” 

The desolation beyond the crater, and the mighty mass 
thrown out by the volcano whicli covered the earth were 
almost incredible. ** Down the slopes of Bandai-san, across 
the valley of the Nakasegawa, choking up the river, and 
stretching beyond it to the foot-hills five or six miles away, 
spread a vast billowy sheet of ash-covered earth or mud, 
obliterating every foot of the erstwhile smiling landscape. 
Here and there its surface was dotted or streaked with 
water. Elsewhere the eye rested on huge disordered 
heaps of rocky dt^bris^ in the distance resembling nothing 
so much as the giant concrete block sfubstruettm of 
some modern breakwater. It was curious to see on the 
farther side the sharp line of demarcation between the 
brown sea of mud and the green forests on which it had 
encroached ; or, again, the lakes formed in every 
tributary glen of the Naka^egawa by the massive dams 
so suddenly raised against the passage of their stream 
waters. One lake was conspicuous among the rest. 2 t 
was there that the Nakasegawa itself had arrested at 
its issue from a narrow pass by a monster barrier of dis- 
rupted matter thrown right across its course. Neither 
living thing nor any sign of life could be descried over the 
whole expanse. All was dismally silent and solitary. 
Beneath it, however, lay half a score of hamlets, and 
hundreds of corpses of men, women, and children, who 
had been overtaken by swift and painful deaths.” 

Near by two houses, built for the accommodation of 
visitors to the hot springs were overwhelmed, and a 
little lower down two spa- hamlets were absolutely buried 
in mud. From various indications, a com- 

parison of the places destroyed wit^ jIlBMe saved, it 
appears that the disruptive force must, in i^e main, have 
been directed outwards from the hill-face at a consider^ 
able inclination to the vertical. On no other hypothesis 
is it possible to account for soihe of the most startling 
phenomena, for the great distances reached by the waves 
and for the incredibly brief intervals that 
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^psed bttwten the short-lived explosion and the sub- 
mtH^sion of large tracts many miles away from the crater. 
It must notf However, be supposed that the havoc wrought 
by the volcanoes fury was limited to the fall of disrupted 
matter, or to the area covered by it. Besides the rain of 
scalding earth and mud* heated rocks and stones, sand, 
and hot softly-falling ashes, there were the awful shacks 
of the explosion, accompanied by winds or whirlwinds, 
which every survivor describes as of intense and extra- 
ordinary vehemence. Nowhere, of course, were the etTects 
of these concomitants more fierce than on the heights of 
Bandai-san. The forests on the unburied slopes above 
and near the crater presented a weird spectacle. In 
these hardly a stick was left standing. As if some giant 
reaper had mown down whole acres with a sweep of 
his sickle, the trees lay literally m hundreds on the 
ground, all felled in a direction away from the crater, 
stripped of branches, leaves, and even of their bark, 
and twisted into the most grostesque contortions. 

One day was given to exploring the buried area at its 
lower levels in the valley of the Nakasegawa, and also 
the outskirts of the volcanic deluge. At one place, a 
secondary earth-wave, i.ssuing from the crater by a lateral 
gap, had rushed swiftly down the mountain-side, burying 
a large party of grass-cutters and horses, and reaching, 
but only half destroying, the little hamlet of Mine. Its 
energy seems to have e.xactly spent at this point. It was 
strange to see the great wall of earth and stones, with 
its vertical face some 7 or 8 feet high, brought up all- 
standing, as it were, by a frail farm outbuilding. A yet 
stranger sight was it to sec the enormous masses of rock 
that were strewn about on the surface of the neighbour- 
ing field of mud. One of them, which was measured, 
weighed at least 200 tons. Higher up, on the far side of 
the river, a couple of large villages, in which, though not 
reached by any mud- stream, not a house was whole, 
many had been levelled to the ground ; others were 
tottering on the verge of destruction ; and of the rest, all 
were cracked, nuuilaicd, unrotifed, twisted, tilted up, or 
otherwise injure 1 or parti.ally wrecked. A scene of more 
ruthless and utter desolation could hardly be conceived. 
Beyond this, the route entered upon the great earth-field 
visible from the heights *of Bandai-san. Nothing|K:ould 
convey a more vivid idea of the destructive forces that 
were let loose upon that doomed region than a sight of 
the wild chaos of earth, rock, and mud which now reigns 
over its surface. The whole effect in some places is 
much as if a raging sea of those materials, on a 
gigantic scale, had been suddenly congealed and made 
to stand still. At one spot there is a long mud precipice, 
said by some observers to be fully 200 feet high. 

Although the little village of Nagasaka was compara- 
tively uninjured, nearly all its able-bodied inhabitants 
lost their lives in a manner which shows the extraordinary 
speed with which the mud-stream flowed. When Little 
Bandai-san blew up, and hot ashes and sand began to 
fall, the young and strong fled panic-stricken across the 
fields, making for the opposite hills by paths well known 
to all. A minute later came a thick darkness, as of 
mtdmght. Blinded by this, and dazed by the falling 
d 4 hris and other horrors of the scene, their steps, prob- 
ably also their senses, failed them. And before the 
light returned every soul was caught by a swift bore of 
soft mud, which, rushing down the valley bed, over- 
whelmed them in a fate more horrible and nOt less sudden 
than that ofPhamoh and his host. None escaped save 
those who home— mostly the old and very voung. 

From the atqtife* told by the survivors, as well as from 
his own observations, the writer sketches the following 
sequence of events connected with the outburst 

It seems clear from every account that one of the most 
terrible features of the catastrophe must have been its 
nulling suddenness. Though, there had been, it is said, 
alight shocka of earthquake for a couple of days before, 


and, according to some witnesses, strange subterranean 
rumblings and suspicious variations in the temperature 
and volume of the hot springs, these caused no grave 
alarm. Nothing worthy to be called a serious warning 
occurred until about 7.30 a.nx. on the 15th. Then came 
a violent earthquake, followed a quarter of an hour later 
by a second, yet more intense. Ten minutes after there 
ensued throes of such terrible severity that the ground 
heaved and fell, people were thrown down, and houses 
demolished or wrecked. To all it seemed that their last 
hour had come. Instantly upon this arose a fearful noise, 
described by some as like that of a hundred thunders, by 
others as the most unearthly sound that ever startled the 
ears of men. Little Bandai-san was seen to be lifted 
bodily into the air and spread abroad, and after it 
leaped forth tongues of flame and dense dark clouds of 
vapour of cjcctamcnia. Of the ensuing phenomena it is 
hard to gain any clear idea from the tales of the distracted 
survivors. Apparently, however, a quick succession of 
reports, accompanied by violent earth-throes and winds 
of hurricane force, lasted for about a minute. Then began 
the shower of ashes, dust, hot water, and leaves. The 
light quickly faded as the exploded matter spread over the 
firmament, so that day was soon changed into night, and 
did not return for a space of several minutes. Meanwhile, 
the avalanches of earth and mud must have already done 
much of their deadly work. The interval between the 
explosion and the arrival of the mud-torrent which swept 
past that hamlet cannot have been more than from ten 
to fifteen minutes. Befoie the light was restored, all the 
flower of the village had been swallowed up. How that 
long journey of some ten miles from the crater had been 
performed by tlie mud at such an astonishing speed it is 
impossible to say. There is evidence that in places the 
earth-flow lasted for about an hour. But in the above 
we have the clearest proof that some at least of the 
destroying matter was hurled over the country at railroad 
speed,* even after being deflected through wide angles 
from its original line of motion. 

We may, perhaps, hope to learn something hereafter 
that will throw a clear light on the immediate cause of the 
explosion (the agent, it cannot be doubted, was steam), on 
the approximate volume of the projected matter, on the 
partiality of the effects, and on the many and most be- 
wildering mysteries connected with the propagation and 
distribution of the carlh-wavcs, rocks, tkc. Meanwhile 
we hAve before us the fact that a massive mountain peak 
has been blown to bits by an explosion within its bowels 
powerful enough to toss many hundred millions of tons 
of material high into the air, and to change the face of 
nature over an area of some thirty square miles. While 
whole forests were levelled by the shock, the disrupted 
matter dammed up rivers, deluged and drowned the land 
and crops, and buried a dozen hamlets. Karthquakes 
and cou^ dc vent added their quota to the work of 
destruction. Nearly 600 people perished by horrible 
deaths in their mountain homes and valleys. Four times 
that number have been reduced to destitution or dire 
poverty. With one possible exception, it is the gravest 
disaster of its class that has happened, even in that land 
of volcanoes, since the famous eruption of Asamayaim in 
1783, and it cannot but be ranked among the most startling 
volcanic explosions of which history has any record. 

It is interesting to know that experts arc already at work 
investigating some of the problems here sketched out by 
the Times Correspondent, and happily Japan is well pro- 
vided with experts in the science of seismology, at their 
head being Prof. Milne, the leading seismologist of the 
day. Seeing also the countenance given to the study of 
these phenomena by tlie Japanese Government, it may be 
anticipated that no volcanic eruption of modern times 
will have been so carefully and scientifically investigated 
as this of Bandai-san, as none has been so graphically 
and .eloquently described. 
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CALCULATION OF RANGES, ETC, OF 
ELONGATED PROJECTILES. 

F rom time to time it has been suggested to me that 
some reduction in the coefficients of resistance 
deduced from my experiments made in 1867-68, is 
required to adapr them for use in connection with the 
improved guns of more recent times. I do not agree 
with those suggestions* My coefficients were most care- 
fully deduced from experiments made with ogival-headed 
shot fired at very low elevations so as to secure ranges of 
about 500 or 600 yards, and the observations were made 
near the gun. The 5 -inch gun was a remarkably good 
gun, and from the numerous records it gave had a pre- 
ponderating effect on the final result ; while an un- 
steady shot cut only a few screens, and had a very 
tnfiing influence. It seems, therefore, that the co- 
efficients were derived from shot moving very nearly in 
the direction of their axes. I have applied these co- 
efficients to calculate ranges for comparison with Com- 
mander May^s (R.N.) range-table for the 12-inch muzzle- 
loading gun (based on practice 1885) ; muzzle velocity, 
1892 f.s. ; “jump,” 6 minutes. 

Elevation a” 3*^ 4® 

Kxp. range ... 1200 2267 3200 4057 yards. 

Calc range ... 1206 2249 3192 4039 „ 


prise is that such good agreement between calculation and 
experiment should be found as above. The only question 
seems to be whether it is worth while to trouble about the 
correction of calculated ranges for high velocities and 
high elevations, when the reason for some little dis- 
crepancy is so evident. But to reduce coefficients would 
be to make matters worse. 

Having been requested to calculate the range of a 9*2- 
inch shot weighing 380 pounds, fired at an elevation of 
40" with a muzzle velocity of 2360 f.s., T could not feel satis- 
fied till 1 had completed the calculation of a range-table 
for elevations O ' to 45" on a horizontal plane 27 feet below 
the muzzle. I give the result. Gravity and the tempera- 
ture of the air were considered constant. The air was 
supposed to be at rest, and the shot was assumed to move 
in the direction of its axis ; head ogival, struck with a 
radius of i J diameter. When the results of experiment 
arc published I shall be ready to discuss the matter, but 
there are so many things uncertain at heights of lo,cm, 
15,000 feet, &c., that I doubt whether any theoretical 
advantages will result. It will, however, be interesting 
to know what can be done in an extremity. 

It will be seen that the ranges go on increasing up to 
an elevation of 45^ and would probably go on beyond an 
elevation of 50° before reaching a maximum. 


l>iflrerence ... +6-18 -8-18 ,, 

1 Will now do the same for the 4-inch breech-loading 
gun, which was the gun chosen by the authorities to be 
used iri testing my coefficients on a long range ; muzzle 
velocity, 1900 f.s, ; range-table founded on experiments 
made in 1884 \ “jump,” 6 minutes. 

ElevAflon 30 3^' 40 

Exp. range ... 1086 1811 2400 2917 yards. 

Calc, range ... 1049 1817 2410 2^5 ,, 


Difference ... -37 -ffi -f* 10 -22 ,, 

Thus it appears that my coefficients give very satis- 
factory results when applied under the conditions of the 
original experiments. Commander May’s table stops at 
a range of 4000 yards. As the elevation of the 4-inch 
gun was gradually increased, the calculated ranges fell 
shorter and shorter of the experimental ranges. At an 
elevation of 1 5“ the calculated range was 6364 yards, and 
the experimental range 6608 yards, giving a difference 
of 244 yards. The ej^lanation of this seems to me to 
be as follows : — 

When an elongated shot is fired from a rifled gun at 
high elevations, the shot endeavours to preserve the 
parallelism of its axis. This causes the axis of the shot 
to become sensibly inclined to the direction of the motion 
of its centre of gravity. Thus the pressure of the air 
acts from below and raises the shot bodily, so as to give 
its trajectory an increased elevation. This would naturally 
increase the range of the shot. After a short time the 
shot inclines sideways, as explained by Magnus, and the 
shot continues to move with its axis inclinecfto the direc- 
tion of its motion, which is the cause of the lateral “ drift” 
of the shot. This shot having had its axis so much in- 
clined to the direction of its motion, would encounter a 
greater resistance from the air than another shot fired 
at a lower elevation, because this latter would move with 
its axis more nearly in the direction of its motion. 

Hence it is clear that, in order to ap; ly any rational 
correction to the calculated ranges for high elevations, 
it would be necessary slightly to increase both (i) the 
elevation, and (2) the values of the coefficients of 
resistance. 

Major Mackinlay, R.A., warns us that the published 
range-tables arc not to be “ blindly followed,” a ve^^ 
necessary caution, when it is considered that we cannot 
be quite certain about the muzzle velocity, the “jump,” 
the elevation, and the precise form of the head. The height 
of the barometer is seldom mentioned. My only sur- 
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0 
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2 
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94 
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1,708 
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3 
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6 
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7 
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15*3 

II 28 
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8 

8,669 
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13 28 

1,075 
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9 
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18 ’9 

15 28 

1,040 

334 

10 

9,876 

1,731 

20*6 

17 23 
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It 
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2,036 

22*3 
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1,015 
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12 
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1,009 
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13 

11,448 

2.703 

25*5 

22 38 

1,003 

309 

14 • 

11,922 

3,065 

27*0 

24 21 

998 

303 

*5 

12,379 

3.443 

28-5 

26 2 

993 

297 

16 

12,804 

3.83s 

30*0 

2740 

990 

292 

'17 

13.217 

4,242 

31*5 

29 15 

987 


18 

13.618 

4.663 

33*0 

3048 

98s 

282 

*9 

14,007 

5.099 

34*4 

3* .9 

984 

277 

20 

14,385 

5.550 

35*9 

3348 

984 


21 

14,750 

6,015 

37*3 

35 .5 

98s 

268 

22 

IS. 103 

6,489 

38-8 

3640 

987 

264 

23 

15.445 

6,970 

40 '2 

38 3 

990 

260 

24 

15.775 

7.459 

41 ’6 

39*4 

993 

256 

25 

16,092 

7.956 

43*0 

404. 

996 

252 

26 

16,398 

8,461 

44*4 

4 « 54 

1,000 

248 

27 

16,691 

8.974 

457 

43 * 

1,004 

24s 

38 

16,973 

9.494 


44 6 

1,009 

242 

29 

17,242 

10,022 

10,558 

48*4 

45 7 

1,014 

239 

30 

17,501 

49*7 

46 5 

1,019 

236 

31 

17,747 

11,102 

51*0 

47 . 

1,02$ 

333 

32 

17,981 

11.654 

53*2 

4756 

1.031 


33 

18,203 

12,214 

53*5 

4850 

1,037 

228 

34 

18,413 

12,782 

54*7 

49 43 

1.044 

225 

35 

18,612 

13,357 

56 0 

503s 

1,051 

222 

36 

18,799 

13/941 

57*2 

S» *7 

1,058 

220 

37 

18,973 

14.534 

58-5 

52 ,8 

1.065 

217 

38 

19.136 

15,136 

597 

S 3 f. 

1,072 

314 

39 

19,287 

* 5,747 

6fo 

S 3 58 

2.079 

213 

40 

19,426 

16.368 

62*2 

S 4 47 

1,086 

309 

4 * 

ItMl 

17,001 

63 '4 

SJ36 

1,092 

206 

42 

17.646 

647 

5624 

1,099 

203 

43 

I 9 » 77 a 

19.864 

18,302 

6$-9 

S 7 *i 

I.I05 

200 

44 

18.969 

19*648 

6f-. 

S 7 S 7 

1,111 

197 

45 

^ 9,944 


5«43 

t.lt 7 

m 
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THE BRITISH ASSOCIA TION. 

Ba'I’H, Tuesday Evening, 

S O far as numbers arc concerned, the Bath meeting 
has been below the average. The number of tickets 
sold has been about 50 less than 2000. This is a marked 
contmst to last year’s meeting, which beat the record ; 
and is even less by some hundreds than the former Bath 
meeting. But then it should be remembered that that 
meeting presented attractions of an unusual kind : the 
lion-hunters who form so large a section of these annual 
gatherings had such prey presented to them as Living- 
stone, Burton, and Speke. As will be seen, the diminished 
attendance has told to some extent on the grants, several 
of which have had unfortunately to be reduced below the 
sums originally proposed and approved of. All sorts of 
reasons have been put forward to account for the compara- 
tively small attendance, and probably there is a little truth 
in each. Probably the excursions have had as much to do 
with it as anything else ; those of Saturday presented few 
attractions, except that to the Severn Tunnel and the 
Barry Docks. Curiously enough, however, scarcely any- 
one entered for that excursion, and had the enterprising 
secretaries of Section G not taken it in hand, it would have 
fallen through. As it was, it turned out one of the most 
successful of Saturday’s excursions. Small as the attend- 
ance has been, the accommodation uf the town has been 
strained, and several of the guests of the Local Com- 
mittee speak somewhat disrespectfully of their t^uarters. 
Hut the Local Committee have done their best, 
and they have no reason to be dissatisfied with their 
success. 'I'he reception-room accommodation has cer- 
tainly been limited, and members have missed the 
smoking-room, refreshment- rooms, and other amenities 
with which they were indulged at Manchester last year. 
Kortunately the weather has been, on the whole, good, so 
that people have not greatly felt the want of indoor accom- 
modation. Notwithstanding the small attendance, the 
crush at the two soirt^es was excessive, mainly arising from 
the smallness of the Assembly Kooms. The Drill Hall 
has proved satisfactory for all the public lectures. Sir 
Frederick Bram well’s address was, as might have been 
expected, received with universal appreciation ; while the 
public lectures were all well attended. Prof, Ayrton’s 
address on the transmission of power was so highly 
appreciated that he has been asked to repeat it for the 
benefit of the working classes. Tickets for Sir John 
Lubbock's lecture to the “ working classes were so greatly 
in demand, that many of those for free distribution were 
being sold throughout the town at 2s. 6 d. and 

One of the great attractions at the present meeting has 
been the recently unearthed Roman baths. They are in 
almost complete preservation ; the lead lining and lead 
piping nearly perfect, the steps, the columns, the carvings, 
in wonderful preservation, the whole probably forming a 
more complete specimen of this class of Roman work 
than exists anywhere else. Even greater, however, has 
been the excitement over the phonograph and grapho- 
phone. Crowds have been besieging Section G in order 
10 sec and hear the wonderful little cylinders ; and daily 
receptions have been givea both by Colonel Gouraud and 
Mr. Edmunds of the rival instruments. Each has its 
strong body of partisans, but the general result seems to 
be that law and not science will be the final arbiter of the 
merits of the two. 

In the ordinary work of the Sections there have been 
various exciting episodes. The discussion between 
Sections B and b, on the chemispy of certain physio- 
logical processes, was one of great importance, and it is 
hoped it will be well reported. The discussion on stays 
and waist-bands was probably more entertaining than 
instructive ; while that on coral-reefiL though valuable, 
suffered from the absence of some of the leading authori- 
the subject* The discussion in Section H* on 


the few remarks by Mr. Park Harrison on the 
question ** What is a Nation?” had somewhat of a 
political flavour about it. It was taken part in by 
General Pitt-Rivers, Sir John Lubbock, Prof, Sayce, and 
Dr. John Evans. Another discussion which, like the papers 
on the phonograph and graphophone, nearly emptied 
the other Sections, was that on lightning-conductors, on 
Tuesday, in Section G. These various discussions, com- 
bined with the fact that so many foreign geologists were 
present in Section C, have contributed to keep the second 
liAth meeting up to a good average. 

It seems to be generally admitted that the Presidential 
Address in Section D, by Mr. Thiselton Dyer, was the 
weightiest from a scientific point of view. It was the 
longest, all the addresses this year being marked by 
brevity. Some little amusement has been caused by the 
very modified admission made by Sir William Thomson, 
in his paper in Section A, on “A Simple Hypothesis for 
Electro-magnetic Induction of Incomplete Circuits,” that, 
after all. Clerk Maxwell may have been to some extent 
not altogether wrong. 

The meeting next year will be presided over by Prof. 
Flower. Leeds will receive the Association in 1890, while 
Edinburgh and Cardiff compete for the honour of a visit 
in 1891 ; there can be little doubt of the result if the 
Corporation and the University of in burgh give 

substantial evidence of their zeal. 

The following is the list of grants which have been 
allotted by the General Council : — 


A . — Mathematics and Physics. £ 

Ben Nevis Observatory ... ... ... ... ... 5 ° 

Electrical Standards 100 

Electrolysis ... ... 20 

Solar Radiation 10 

Differential Gravity Meter ... 10 

Uniform Nomenclature in Mechanics lo 

Calculating Tables of Certain Mathematical Functions .. lO 
Seasonal Variations in the Temp»*rature of Lakes, Rivers, 

and I^siuaries . . ... 30 

B. — Chemistry, 

The Influence of the Silent Discharge of Electricity on 

Oxygen and other Gases ... ... ... ... to 

Methods of Teaching Chemistry 10 

Oxidation of Hydrncids in Sunlight lo 

C. — Cc()/og)\ 

Geological Record 80 

Erratic Block.s 10 

Volcanic Phenomena of Japan 25 

Volcanic Phenomena of Vesuvius 20 

Fossil Phyllopoda of the Palreozoic Rocks 20 

Higher Eocene Beds of the Isle of Wight IS 

Fossil Plants of the Tertiary and Secondary Beds of the 

United Kingdom 15 

D. — IHoloyy. 

Zoology and Botany of the West India Islands 100 

Marine Biological Association ... ... ... ... 200 

Flora of China 25 

Naples Zoological Station 100 

l*hysiology of the Lymphatic System .. 25 

To Improve and Experiment with a Deep-sea Tow-net for 

opening and closing under Water 10 

Natural History of the Friendly Islands 100 

E. — Geography, 

Geography and Geology of the Atlas Ranges 100 

F . — Economic Science and Statistics. 

Precious Metals in Circulation 20 

Variations in the Value of the Monetary Standard ... 10 

G , — Mechanical Science. 

Investigation of Estuaries by means of Models ,. ... loo 

Development of Graphic Methods in Mechanical Science 25 
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H . — W nth ropol&gy^ £ 

Kffect of Occupation* on Physical Development 20 

North-’Weatern Tribes of Canada 15^ 

Editing a New Edition of Anthropological Notes and 

Querieii * 5° 

Calculating the Anthropological Measurements taken at 

Bath ... 5 

Kaploration of Roman Baths at Bath too 

Characteristics of Nomad Tribes of Asia Minor ... ... 30 

For carrying on tlie Work of the Corresponding Societies 
Committee 20 

Total £i^AS 


SEtrnoN B. 

CUEMtCAL SCIENCE. 

Opening Address bv Prof. Wii.r.iAM A. Ticdkn, D.Sc, 

Lond., F.K.S., F.C.S., President ok the Section. 

A PART of the duty which devolves upon the Pivsident of a 
Section of the British Association consists in delivering an 
address, and the knowledge that a pretty full liberty of choice 
is permitted in regard to the selection of a subject is the only 
source of comfort which serves to alleviate the onerous nature of 
the taak. 

It seemed to me that the time is gone by when an attempt to 
review progress over the whole field of chemical science is likely 
to be usefvil or even possible, and an account of what is being 
done within the narrow limits of those parts of the science to 
which I have been able to give special attention would be ill- 
adapted to the character of a speech addressed to the members 
of the Section collectively. 7 'he fact that at the la^t meeting of 
the Association a Committee was appointed to inquire into the 
methmis at present adopted for teaching chemistry suggested 
that, as I had not been able to accept an invitation to join this 
Committee^ I might make use of this opportunity for contributing 
to the discussion. 'J’be fifst report of the Committee will be 
received with much interest by the Section. As might be 
expected, it embodies the expression of many varieties of 
opinion. 

The existence of chemistry as a department of science not 
merely requiring the ob'crvation of facts that are to lie made 
useful, but seeking in the accumulated stores of observation to 
discover law, is a thing of comparatively recent growth. How 
chemistry arose out of alchemy 1 need not repiind you, but the 
connection between the study of chemistry and that of medicine, 
and the maintenance of this connection down to even the pre- 
sent generation, is illustrated by the fact that a laigc number of 
men who have become eminent as chcmist.s begR>i their career 
in the surgery or the pharmacy. Black, Davy, Berzelius, Wol- 
laston, Wohler, Wurlz, Andrews, and W. A. Miller bt»gan by 
the study of medicine, whilst Scheele, If, Rose, and the great 
names of 1 iel)ig and Dumas are to he found in the long roll of 
those who received their earliest notions of chemistry in the 
pharmaceutical laboratory. Chemistry has been gradually 
emancipated from these associations with enormous advaiUnge 
to both sides. So long as technical purposes alone were held in 
view a scientific chemistry could not exist, but no sooner did the 
study take an independent form and direction than multitudes -of 
useful applications of the facts discovcied lieeame apparent. 

It is only within a compaiaiively few years, however, that 
universities, in this country at least, have ceased to deal with 
chemistry as a kind of poor relation or humble follower of medi- 
cine, and have permitted her to emerge from the cellars of a 
museum or school of anatomy and have given her a commodioiiti 
dwelling in the fair light of day. 

In the old time such instruction in chemistry as was given in 
the universities and mining or technical schools seems to have 
taken the form of lectures read by the Professor, and access to a 
laboratory for practical manipulation seems to have been a high 

} privilege accorded only under exceptional circumstances 10 the 
lew. We arc told, for example, that when Liebig went to Paris 
in 1823 he applied to Gay-Lussac for practical instruction at 
first without success, and that admission to the laboratory of the 
Ecole Poly technique was uUimaioly granted him only through 
the intervention of Von Humboldt. 

la a great many cases the student of chemistry must have 


Vieen almost entirely dependent upon private study, though books 
were scarce and materials more co-tl^ than now. Davy, for 
example, seems to have had no instruction whatever previous to 
his appointment as assistant to Dr. Beddoes at the Pneumatic 
Institute at Bristol. 

Doubtless, therefore, the recollection of his own early diffi- 
culties when seeking instruction contributed lai^ely to inQuence 
Liebig in ihe establishment of the laboratory in the Univef-ity 
of Giessen, and in the adoption of the principles which guided 
hk teaching there. For the fi^^t time in the history of chemistry 
students met not merely to listen to the discourse of a professor 
concerning bis own experiments and conclusions, but to examine 
for themselves the basis of the theories taught, to learn the 
proce.sses of analysis, and by independent investigation to extend 
the boundaries of existing knowledge. 

The fame of the new school spread fast and far, and soon 
men from every part of the civilized world assembled to share 
in the advantages offered. The influence of the new method 
can lie estimated when we reflect that nearly all the now passing 
generation of chemists in England and America obtained the 
greater part of their training in Liebig’s laboratory ; ami as a 
large number of them have been tcadiers, it may be assumed 
that they transplanted into their own countries the methods they 
had learnt from the great German master. 

It was not till 1846, long after the school at Gies.sen had risen 
into fame, that in Kn^land a sense of our deficiencies in respect 
to jirovision for teaching chemistry was felt strongly enuugn to 
lead to the establishment of a College of Chemistry. At that 
time tlve Professor of Chemistry at Oxford was also Professor of 
Botany. At Cambridge it was thought praise and boast enough 
that the occupant of the chair of chemistry had, during more 
than thirty years, frequently resided at the University and every 
year gave a couisc of lectures. The Jacksonian professorship 
w.as not then, as now, in the possession of a chemist. University 
College, London, had a: this period a very distinguished man 
in the chair of chemistry, but it was only in 1848 that a com- 
modious laboratory was provided by }>ublic subscription, raised 
in commemoration of the services of Dr. Birkbeck in promoting 
popular education. In that year Fowncs was appointetl to co- 
operate with Graham in the work of teaching, though his pre- 
mature death soon after left but little time for the fulfilment of 
the rich promKc of his earlier years. At Manchester, John 
Owens had died in 1846, leaving the bulk of his estate for the 
purpose of establishing a university in Manchester, but as yei 
the Owens College was not. 

The foundation of the College of Chemistry in 1846 was 
therefore an event of supreme importance lu the history of 
chemical teaching in this country ; and though at the time some 
dissatisfaction was expressed at the choice of the professor 
selected to direct the work, who, though a distinguished pupil 
of Liebig, was not an Englishman, all British chemists now 
concur in believing the choice to have been a most fortunate 
one. I'hc great majority of my contemporaries having begun, 
continued, or ended their studies in Oxford Street, they and all 
who have come under Dr. Hofmann's teadiing know how vast 
wai) his capacity for work and how itiarvcUuus was the power 
be possessed of communicating his own enthusiasm to his 
pupils. 

Since the time of which I have been speaking the means o( 
instruction in science in England have rauitipli^ enormously. 
In University College, London, founded in 1828, and in Owens 
College, Manchester, founded in 1851, not only liave chairs of 
chemistry existed from the fir^t, but they have been occupied by 
a succession of chemists of the highest eminence. But long 
after 1846 the whole of the serious teaching of scientific chemistry 
was accomplished at the College of Chemistry, and it was nigh 
upon twenty years before the Manchester school began to attract 
considerable notice. 

In 1872-73 the movement set in which has resulted fn the 
erection of colleges for higher instruction at a munber of im- 
portant F.ngUsh and Welsh towns. These, together with the 
pre-ex isient Queen's Colleges in Ireland and the Uoivenities of 
more ancient foundation in the three kingdoms, are for the ntost 
rt provided with pretty good laboratories and a competent staff, 
e have also the Normal School of Science and the Institute 
raisevl by the City and Guilds of London at South Kcnungtdn, 
and itH Associate Coltee at Finsbury. England is therefor^ at 
the present time as wen provided with //aew of inStiiictioa for 
the Study of chemistry a* ai^ country in the srorid. 

' ' \And A very large proportion of the pcofettots or beads ^ the 
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cb^micAl schooU in the coHe»es and 'universities of the Unitetl 
Kingdom have shown by their own activity in research that they 
are quaUfied to give instruction of the highest kind, and are 
ready to train young chemi'ts in the art as weH as in the theory 
of their suV^ect. 

It U therefore no longer true that a student desiring to become 
a scientific chemist must needs choose between u single institu- 
tion in London and ajiother in Manchester, or must seek the 
instruction which he cannot get at home in the lal^oratory of a 
foreign university. As an element in a liberal education the 
position of chemistry is also considerably in advance of what it 
was twenty years ago. 

It is nevertheless true that increased opportunities for study, 
a considerable supply of capable teachers, anti an enoimous hotly 
of students, have not produced such an amount of original 
investigation, or .even of accurate analytical work, as might 
reasonably be expected. A full and complete explanation of 
all the inducnces which contribute to this result would be 
difiicult ; but I think the apparent inactivity of the chemical 
schools in this country is not generally the fault of the jwo- 
fessors, but is chargeable in the main to :he ignorance, and 
partly to the indifference, of the public. There exists .ns yet no 
mtelligent feeling in favour of learning, nor indeed in favour of 
any sort of education, unless there is expectation of direct 
returns in the form of obvious piactical results. It is this 
which animates the present poimlar movement in favour of 
so-called “ technical ” education. That part of the attention 
of the nation which can be spaicd from the contemplation of 
Irish affairs is concentrated upon the proidenr of how to make 
every little Uiy learn the rudiments of chemistry, whether he 
likes it or not, whilst there are comparatively few people in- 
tcrctvted in the question of how to provide means and instruction 
for those who are capable and desirous of attaining to a masieiy 
of the subject. Moreover, the public have not yet grasped this 
truth, that, so far as chemistry is concerned, it is of very little 
consequence to the great metallurgical and chemical industries 
whether the workt>eoplc do or <lo not know a Utile chemistry, 
though it is important that they should be intelligenl eno\igh to 
obey orders. \Vhai is wanted is that every manufacturer and 
manager should himself be an accomplished engineer and 
chemist, trained to observe, to reason, and to solve problems 
for him.self. 

In the case of chemistry this absence of sentiment in favour of 
concentration and thoroughness, and the demand for super- 
ficiality, if only it can be had wholesale, tells in a variety of 
ways. The governing bodies who control the various colleges 
and universities, and the public generally, cannot understand 
tliat good and useful work is being done unless it can be shown 
in the form of passes at examinations. Though I most firmly 
believe in the necessity for examinations, serious mischief begins 
when they are regarded as the end itself, and not as meic 
incidents in the student's career towards the end, which should 
be knowledge. 

In respect to chemistry this is the disadvantage which attend'^ 
the operation of such a sy^tcm as that of the Science and Art 
Department, or of any system under which certificates in con- 
nection with individual subjects arc granted on easy terms. 
Especial objection I also feel to such expressions as “ advanced,” 
used in relerciice to a particular stage, so commonly misun<Iei*- 
stO(^ as Ih^ are by the student and his friends, and operating 
against his fuither progress. 

Reflect also upon the fact that there are only two or three 
colleges in this country which can boast of more than one 
profe.ssor of chemistry. In nearly all cases tme man is called 
upon to discbjic^e the duty of teaching classes both elementary 
and advanced, in pure and applied chemistry, inorganic and 
organic, theoretical and practical. This is a kind of thing 
which kilU specialism, and without specialists we can have 
not only no advance, but no efficient teaching, of more than 
rudiments. 

That teachers ought to engage in research at all is by no 
means clear to the public and to those representatives of the 
pbHc who arc Charged with the administration of these new 
institutions. This was ilUistrated very painfally a few years 
ago by the conditions under which profem-s were ei^agcti at a 
certain collwc foanded, according to the declawdion of its 
promoters, *^by the people for the people,*' wherein it was 
ontKmnced in round terms that original research was not 
wanted, os the coU^ was ** for the good of the many and not 
for the advantage nf the few.” This example of ignorance is 


only remarkable by reason of its audacity. Probably many 
people hold a similar view, though few are bold enough to 
declare it. 

VVithotit going far into the disatssion of the general question, 
which is n large one, 1 may perhaps be allowed to offer a few 
remarks for iht* consideration of any of my audience who may 
perchincc incline towards that opinion. 

It is only when a teacher occupies himself with research that 
the most comi»lcie guarantee is given that be is interested in his 
subject and tliat he i^ a learner. A popular mbtake consists in 
regarding a professor as a living embodiment of science — 
complete, infallible, mysterious ; whereas in truth he is, or 
ought to l»e, only a senior student who devotes the greater part 
of his time to extending and consolidating his own knowledge 
for the benefit of lliose who come to learn of him, not only what 
lies within the boundaries of the known, but how to penetrate 
into the far greater region of the unknown* Moreover, the 
man who has no intellectual independence, and simply accepts 
other people’s views without challenge, is pretty certain to make 
the stock of knowledge with which he sets out in life do service 
to the entl. TJmt one may be fitted to form .1 sound judgment 
conccirnng new theories he must be fiimiliar with the methods 
by whicli progress is accomplished. The work of investigation 
then reacts beneficially upon the work of teaching ; that is why 
teachers shoiiUl be encouraged, nay even required, to investigate, 
and not because their (liscovenes may haply prove to be 
practically useful. 

Of Cfjurse it may be said that there have been distinguished 
investigators who could not teach, but the converse is not true ; 
every teacher who has attained to eminence as a teacher, who 
has drawn men .after him, who has founded n school of thought, 
and has left his mark uj) )n liis generation, h.is been an industrious 
W'orker in research 01 some kind. All teachers cannot l>e ex- 
pected to reach the same high standard, but this is the ideal 
after which all must strive, or fall utterly. 

The fact that there is as yet little demand among school- 
masters for high attainments in chemistry is another reason why 
so little is accomplished in the chemical schools. Here, again, 
the public is really to blame. It is disgraceful that in all classes 
of schools, even where chemistry is supposed to be taught, there 
are but few place.s where serious employment is found for the 
well-trained chemist. I could point to several schools which 
claim the position of first-r.ntc, where chemistry is taught by 
masters who have never studied the subject at all, but who are, 

1 s»])pos*e, allowed the traditional “ten minutes’ start ” with the 
bonk. Would the head rnastt^rs of such places dare to employ a 
person to teach mathematics who did not know the four first 
rule-, of arithmetic, 01 another to teach Latin who had not even 
got through the accidence? I fancy not. This, however, is 
without exaggeration the exact parallel of the position in which 
chemistry is placed in the majority of schools. 1 have heard the 
excuse that there is n lack of competent teachers. Of course 
the demand and the supply wdll read upon each other. When 
you oflfer a reasonable stipend, reasonable accommodation for 
teaching effectively, reasona^dj leisure for the master’s own 
studies, and a position on the staff not inferior to that of the 
classical and mathematical masters, I believe that then, but not 
till then, there will be as many good school teachers of chemistry 
as there are of other subjects. 

I could to other prominent schools where the chemistry 
and other brandies of science are taught by a peripatetic South 
Kensington teacher, who arrives weekly with nis box of tricks. 
Not long ago I was invited to distribute the prices given in 
connection with the evening classes in a towm not far from Birm- 
ingham, and I look the opportunity of advising the teachers 
present on the occasion to read. One of them said to me after- 
wards, When do you suppose I can read ? I am engaged in 
going round to my schools from nine in the morning till ten at 
nighi.” People of thU kind do the greater part of the so-called 
science teaching sustained by the Science and Art Department, 
and the worthy town councillors and committees who employ 
them think that these are the people who arc going to help the 
British manufacturer in his struggle against foreign competition 
under the puidance of the hij^ily- trained chemists from the 
Oerman universitieB. TTiis would be ludicrous if it were not so 
veiw 5 wioUS» 

There U an opportunity at the present time of correcting some 
of these mistakes, but no advantage is being taken of it. I refer 
now to the “ technical schools ” which are springing up every- 
where. There may be a few competent teachers oT chemistry 
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employed in some of them^ but I find it difficult to think of many 
examples. The sort of person who is put in charG;e of these 
places is usually a schoolmaster, who is allowed, sometimes even 
after his appointment, to ^et a short course of qualitative 
an^ysis in order to enable him to obtain a certificate which 
will entitle him to earn grants from the Science and Art 
Department. > 

And manufacturers are much to blame. Instead of employing 
trained chemists, the greater luimbtr of those who want chemical 
assistance are satisfiea to engage the services of hoys who have 
been to an evening class for a winter or two. 

The difficulty of finding a satisfactory career in connection with 
the subject also accounts for the fact, which I fear must be 
admitted, that chemistry does not attract its due share of the 
intellect of the nation. Clever young men can usually do better 
at the law, in medicine, or in commerce, than in teaching 
chemistry or in manufactures in which chemical skill is apph^ 
cable. So badly educated are many of the young men who 
commence the study with professional objects in view, that it is 
quite impossible to teach them anything l^yond routine analysis, 
if so much. 

I heard lately from a friend of mine a story of a young groom 
in his employ who cannot read or write ; and who declines to be 
taught to read on the ground that, considering himself pretty 
smart, he is afraid that ‘Mearning might dull him.*’ This idea 
seems to be rather prevalent among certain classes of people, 
but I cun assure those who wish to be chemists that some 
familiarity with the rule of three, and such a command of English 
as will enable them to understand words of more than one 
syllable, will be no obstacle to the acquisition of chemical 
knowledge. 

Three years has hitherto been regarded as the normal period 
of study^ The question arises, can a young man, previously 
well educated, expect to become an accomplished chemist, 
competent to apply his knowledge usefully, by giving the whole 
of his time to study during three years ? 1 believe not. 

By reason of the enormous development of science the position 
of the student of chemistry is nowadays very different from what it 
was thirty years ago. Since that time we h.ive not only got a 
few new elements, a matter of small importance in itself but 
new views of the nature of the elements and of their mutual 
relations. This could hardly have come about but for the re- 
cognition of the law of Avogadro as a fundamental principle, 
upon which we rely as the ultimate criterion by which the true 
distinction between so-called equivalent weights and molecular 
ratios has been established. By the gradual evolution of ideas 
having reference successively to electro-chemical relations of 
elements and compounds, the theory of types » and atomicity or 
valency, we have arrived at notions of chemiqal constitution 
ba.sed upon the hypothesis of the orderly linking together of 
atoms. Thirty years ago isomerism had scarcely attracted 
notice, and carbon compounds were only just beginning to be 
arranged in homologous scries. The general use at the present 
day of the language of the molecular kinetic theory shows how 
deeply this theory influences our ideas of the internal constitu- 
tion of matter. Within the period referred to, dissociation has 
been studied and a vast body of thermo-chemical data have been 
accumulated. And although the larger portion of the results of 
this work still await interpretation, dynamical ideas of chemical 
action are now generally accepted. We have also new methods 
of investigation, including spectroscopic analysis with all its vast 
train of results. 

When 1 began chemistry many of these subjects and others 
had not been heard of. Of course we had our difficulties, and I 
well remember the puzzles met with in the endeavour to refer 
compounds to their appropriate types, also the consternation 
caused in the student’s mind and the confusion in his note-book 
by the successive changes in the atomic weights of carbon, 
oxygen, sulphur, and the metals. But on the whole there was 
muA l^s to learn. 

It has always been thought essential that a student of chemistry 
should have some knowledge of physics. It is how more than 
ever necessary that this knowledge should be extensive, sound, 
and based upon a good foundation of mathematics. Thirty years 
ago a hundred pages of Fownes contained all that was thought 
necessary, but no one nowadays could be satisfied with that. It 
is now asserted that a young chemist who expects to find a carsi;r 
in industrial nbemistry should also have learnt drawing, and roorle 
important still that be should have a good general knowledge of 
mechanics, steam, and building construction. 1 suppose everyone 


will agree in adding French and especially German. You see how 
the requirements expand. 

The inference from all this is that it now takes longer to 
a chemist than formerly. This is a point of considerable practical 
importance. 

My estimate that a well-educated and intelligent young man 
will now require five years for the study 01 chemistry and 
accessory subjects before he is likely to be of much use will not 
appear extravagant. 

Here one may remark that in order to become a chemist it is 
before all things necessary to study chemistry. If the greater 
part of a student’s time is to be taken up with other things, it is 
not very clear how this is to be done. 

A reform all round is wanted. The mathematics, modem 
languages, and drawing properly belong to the antecedent 
school period, and I believe the Institute of Chemistry would 
greatly promote the interests of the profession if it would impose 
upon candidates for the Associatesnip not only a three years’ 
course of training with an examination in practical chemistry at 
the ehd, but a severe examination in mathematics, in the 
English, French, and German languages, and perhaps drawing, 
before matriculation or registration. 

A consideration of the present position of the student of 
chemistry leads naturally to a review of the methods of teaching 
the subject. Speaking broadly, I suppose nearly all professional 
chemists who have had the advantage of systematic training have, 
up to the present time, passed through very much the same kind 
of course. This con^ists, ns everybody knows, very largely of 
analytical work, qualitative and quantitative, preceded or 
followed by the preparation of a number of definite chemical 
compounds, besides practice in certain very necessary physical 
determinations, e.g, relative density of solids, liquids, and gases, 
melting-points, boiling-points, and so forth, There seems now 
to be a (lisposition in some quarters to depart from this time- 
honoured curriculum in favour of a course in which the student 
is early engaged in some semblance of investigation, and in 
which' he is encouraged to attack difficult problems, which from 
their fundamental iniporiance offer considerable temptation. I 
venture to express a ho|^ that this will not be carried too far. 
Already we are in danger of lo.sing the art of accurate analysis. 
One constantly meets with young chemists who are ready enough 
to discuss the constitution of benzene, but who cannot make a 
reliable combustion. And, according to niy own experience, 
attempts at research among inexperienced chemists become 
abortive more frequently in consequence of deficient analytical 
skill than from any other cause. 

One modification T should gladly see generally adopted. I 
think an unnecessary amount of lime is often spent upon 
qualitative mineral analysis, and an acquaintance with the 
properties of common and important carbon compounds ou^ht 
to be acquired at an early stage. Quantitative work might ^ith 
advantage be taken up sooner than usual. By that, however, I 
mean serious work, in which good methods are used and every 
effort made to secure accuracy. I do not believe in the use of 
rough methods because they are easy ; the use of such leads the 
stu&nt to be satisfied with approximations, which, after all, be 
will learn soon enough are all that is j>ossible to man. I am very 
glad to know that I nave the support of one of my predecessors 
in this chair (Sir Henpr Roscoe), whose opinion will cany far 
greater weight than mine, in deprecating premature efforts to 
engage students in research.^ 

But though it does not appear to me to be wise to encourage 
beginners, without sufficient experience or manipulative skill, to 
attempt original work, one of the best possible exercises pre- 
paratory to original work is to select suitable memoirs, and not 
only to read them but to work conscientiously through the whole 
of the preparations and analyses described, follo^g the In- 
structions given. Many of Dr. Hofmann’s papers afford excellent 
examples. So also do the writings of Dr. Perkin and Dr. 
Frankland, besides those of many other chemists which could 
easily be selectod by the teacher. 

An intelligent studen^ possessing the requisite preliminary 
knowledge, would obtain much instruction by repeating the 
work contained in such papers as the following, for example t— * 
Emerson K^nolds on the missing sulphur urea (T. Chem. fipU/ 
1869, 1 .) ; Fittig and Totlens on the synthesis of hydiocaebM' 
of the benzol series (Lieh^^s Annaim^ 1864, cxxxl i 
Clatsen and Pupils op the introduction of aici<l radidet 

' See Addreii to SectioD B, Montnut meathig. 
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ketoneSi (herichu, xk, ) ; Lawlon and CoUie on the action 
of heat on laha of tetramethyl-ammonium (J. Chem. Soc., 
Tune 1888) ; Thorpe and Hambly on manganic trioaide (J. 
Chem. 5 oc.f March 1S88) ; besides many others, including 
papers oin analytical processes. To such os these there might 
fiuosequently Ik added the determination of an atomic weight on 
thit' model of one of the best masters, as a discipline which could 
not fail to be impressive, cmd full of instruction. 

When chemistry is taught, not with professional or technical 
objects in view, but for the sake of educational effects, as an 
ingredient in a liberal education, the primary object is to make 
the pupil observe and think. But with young students it is very 
important to proceed slowly, for chemistry is really a very 
diifiicult subject at Brst, owing to the variety of strange materials 
with uncouth names. To reason from particulars to generals is 
for the unpractised always a difficult process, and in chemistry 
this is specially the case. With young students it is, in my 
experience, prefemble to adopt a somewhat dogmatic style, 
which should of course be exchanged for a more cautious one as 
the pupil proceeds. 

Thus the law of Avogadro can only be given at Brst as a 
recognized physical law, without much explanation, since 
the full apprehension of the evidence upon which it rests 
can only be secured at a late ^tage of the learner’s progress. 
There is of course great advantage in the use of an inductive 
method if only it is employed judiciously. Otherwise the result 
15 only confusion. 

A number of papers, pamphlets, and text -books have lately 
appeared, professing to teach the principles of the science practic- 
ally and by new methods. Most of these turn out, upon inspec- 
tion, to be very old methods indeed, but there is a small residue 
of distinctly original character which are sure to attract, as they 
tieserve, considerable attention. The systems I refer to pro- 
vide a series of problems which the pupils are called upon to 
solve. According to this plan the student is not allowed peace- 
ably to examine the properties of oxygen or sulphur which he 
now sees for the first time. He must weigh, and measure, and 
observe, and then infer. All this coming at once upon the head 
of a beginner seems to me to be well fitted to drive him to 
despair, 

I well remember the first experiment in chemistry 1 ever 
made. It consisted in dissolving ainc in diluted sulphuric acid 
in an evaporating dish, lighting with a match the bubbles of 
hydrogen as they rose, and afterwards leaving the solution to 
crystallize, I was about sixteen, and the bubbles of gas, as well 
as the crystals I afterwards got, interested me very much. If at 
that time I had been made to weigh the zinc and acid, and 
measure the hydrogen with the object of answering some 
Uestion about the composition of zinc and hydrogen sulphates, 

should have been pretty much in the position of a boy ignorant 
ofgjwmetry shut up with the propositions of Euclid and ordered 
to mve the demonstrations. 

I think when we recall such a fact a.s that Pric*?tley, who 
discovered oxygen in 1774, failed to the end of his days to under- 
stand the process of combustion, and actually wrote, in 1800, a 
pamphlet m defence of “phlogiston," we ought not to be sur- 
prSsra when young people, though lK)m a century later, fail to 
perceive at once the full significance of facts to which they arc 
introduced for the first time. At the outset you cannot reasonably 
expect a voung student both to observe accurately and infec 
justly. These two things must be kept separate at first, and for 
this reason among others I believe that attempts to make young 
students Verify for themselves the fondamental propositions of 
chemistry will not be successful. One has only to trace the origin 
of one’s own convictions in reference to any important fact or 
principle to perceive that they very seldom spring into existence 
suddenly, but almost always oommence in vagueness and hesita- 
tion, acquiring cansisteney and solidity only as the result of 
accumulated experience. 

I will not pretend to determine vrimt may be included within 
the wide cirde of the functim of the British Association ; but I 
think 1 cannot be mistaken m assuming that the advancement of 
science is dependent in no smalt degree upon the provision for 
the efficient teaching of soienoe. I have traced an outline of 
what has been done in the past, and have endeavoured to show 
in what respects t think we ate ddfident at the present time. No 
matter hpw ardent may bk the aspirations, how earnest the 
endaavoun of the few, piogreM wfU be dow unless they are 
sustained by the sympufoy or foe ttun^ Oa one principle the 
ymbhe mart surely insist, that only those shall be allowed to 
Ccadi who know. 


SECTION D. 

BIOLOGY, 

Opening Address by W. T. Thisklton-Dyer, C.M.G., 
M.A., B.Sc., F.R.S., F.L.S., Pj^esident of the Section. 

Before we commence the formal business of the Section, I 
propose to invite your attention to several points which have 
suggested themselves to me from a consideration of the present 
position and progress of the study of botany in this country. 

It is not so very long ago that at English Universities, at least, 
the pursuit of botany was regarded rather as an elegant accom^ 
plUnment than as a serious occupation. This is the more remark- 
able because at every critical point in the history of botanical 
science the names of our countrymen will he found to occupy an 
honourable place in the field of progress and discovery. In the 
seventeenth century, Hooke and Grew laid the foundation of the 
cell-theory, while Millington, by discovering the function of 
stamens, completed the theory of the flower. In the following 
centtfry, Morison first raised ferns from spores, Lindsay detected 
the fern prothalliis, Kay laid the foundations of a natural classi- 
fication, Hales discovered root -pressure, and Priestley the 
a!>sorption of carbon dioxide and the evolution of oxygen by 
plants. In the early part of the present one we have Knight’s 
discovery of the true cause of geotropism, Daubeny's of the effect 
upon the processes of plant-life of rays of light of dflferent 
refranglbility, and, finally, the first description of the cell-nucleuB 
by R. Brown. I need not attempt to cany the list through the 
last half-century. I have singled out these discoveries as striking 
landmarks, the starting-points of important developments of the 
subject. It is enough for my purpose to show that we have 
always had an important school of botany in England, which has 
contributed at least its share to the general development of the 
science. 

I think at the moment, however, we have little cause for 
anxiety. The academic chairs throughout the three kingdoms 
are filled, for the most part, with young, enthusiastic, and well- 
trained men. Botany is everywhere conceded its due position as 
the twin branch with zoolo^ of biological science. We owe to 
the enlightened administration of the Oxford University Press 
the jXHisession of a journal which allows of the prompt and 
adequate publication of the results of laboratory research. The 
excellent work which is being done in rvery part of the botanical 
field has received the warm sympathy of our colleagues abroad. 
I need only recall to your recollection, as a striking evidence of 
this, the remarkable gathering of foreign botanists which will 
ever make the meeting of this Association at Manchester a 
memorable event to all of us. The reflection rises sadly to the 
mind that it can never be repeated. Not many months, as you 
know, had passed before the two most prominent figures in that 
happy assemblage had been removed from us by the inexorable 
hand of death. In Asa Gray we mi^s a figure which we could 
never admit belonged wholly to the other side of the Atlantic. 
In technical botany we recognized him as altogctlier in harmony 
with the methods of work and standard of excellence of our own 
most distinguLshed taxonomists. But, apart from this, he had 
that power of grasping large and far-reaching ideas, which, I do 
not doubt, would have brought him distinction in any branch of 
science. We owe to him the classical discussion of the facts of 
plant distribution in the northern hemisphere which is one of 
the corner-stones of modern geographical botany. He was one 
of the earliest of distinguished naturalists who gave his adhesion 
to the theory of Mr. Darwin. A man of simple and sincere 
piety, the doctrine of descent never presented any difficulty to 
him. He will remain in our memories as a figure endowed irith 
a sweetness and elevation of character which may be compared 
even with that of Mr. Darwin himself. 

In De Bary we seem to have suffered no less a personal loss 
than in the cose of Gray. Though, before last year, I do not 
know that he had ever been in England, so many of our 
botanists had worked under him that his influence was widely 
felt amongst us. And it may be said that this was almost equally 
so in ever)^ part of the civilized world. His position as a teacher 
was in this respect probably unique, and the traditions of his 
methods of woik must permanently affect the progress of botany, 
and, indeed, have an even wider effect. 'I'hU is not the occasion 
to dwell on each of his sdentific achievements. It is sufficient 
to say that we owe to him the foundations of a rational v^etable 
pathology. He first grasped the true conditions of parasitism iu 
plants, and not content with working out the complex phases ot 
the life-histoiy of the invading organism, he never lost sight of 
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the conditions which permitted of inhibited its invasion. He 
treated the problem i whether on the side of the host or of the 
parasite, as a whole-^as a biological problem, in fact, in the 
widest sense. It is this thorough grasp of the conditions of the 

a ' lem that gives such a peculiar value to his last published 
, the “lectures on Bacteria,” an admirable translation of 
which we owe to Prof. Balfour. To this I shall have again to 
refer, 1 must cohttiit myself with saying now, that in this and 
all his work there fs that note of highest excellence which 
consists in lifting detail to the level of the widest generalit]^. 
To a weak man this is a pitfall, in which a hrm grasp of fact is 
lost in rash speculation. But when, as in De Bary’s case, a true 
scientific insight is inspired by something akin to genius, the 
most fruitful conceptions arc the result. Vet De Bary never 
sacrificed exactness to brilliancy, and to the inflexible love of 
truth which pervadetl both his v ork and his personal intercourse 
we may trace the secret of the extraordinary influence which he 
exerted over his pupils. 

As the head of one of the great national establishments of the 
country devoted to the cultivation of systematic botany, I heed 
hardly apologize for devoting a few words to the present position 
of that branch of the science. Of its fundamental importance I 
have myself no manner of doubt. But as my judgment 
seem in such a matter not wholly free from bias, I may fortify 
myself with an opinion which can hardly be minirnizca in that 
way. The distinguished chemist. Prof. Lothar Meyer, perhaps 
the most brilliant worker in the field of theoretical chemistry, 
finds himself, like the systematic botanist, obliged to defend the 
position of descriptive science. And he draws his strongest 
argument from biology. " The physiology of plants and 
animals,” he tells ua, “requires systematic botany and zoology, 
together with the anatomy of the two kingdoms : each speculative 
science requires a rich and well-ordered material, if it is not to 
lose itself in empty and fruitless fantasies.” No one, of course, 
supposes that the accumulation of plant specimens in harbaria is 
the mere outcome of a passion for accumulating. Hut to do 
good systematic work requires high qualities of exactitude, 
patience, and judgment. As 1 had occasion to show at the Lionean 
centenary, the world is hardly .sensible of the influence which the 
study of the subject has had on its affairs. The school of Jeremy 
Bentham has left an indelible mark on the social and legislative 
progress of our own time. Mill tells us that “ the proper 
arrangement of a code of laws depends on the same scientific 
conditions tire classifications in nauiral history ; nor could 
there,” he adds, “ be a better preparatory discipline for that 
important function than the principles of a natural arrangement, 
not only in the abstract, but in their actual application to the 
class of phenomena for which they were first elaborated, and 
which are still the best school for learning their use.” He 
further tells us that of this Jeremy Bentham was perfectly 
aware, and that his “ Fragment on Government^ contains clear 
and just views on the meaning of a natural arrangement which 
reflect directly the influence of J.innaus and Jussieu. Mill him- 
self possessed a competent kiidwlctlge of systematic botany, and 
therefore was well able to judge of its intellectual value. For 
part, I do not doubt that precisely the same qualifications 
of mind which made Jeremy Bentham a great jurist, enabled his 
nephew to attain the eminence he reached as a botanist. As a 
mere matter of mental gymnastic, taxonomic science will hold 
its own with any pursuit. And, of course, what 1 say of botany 
is no less true of other branches of natural history. Mr. Darwin 
devoted eight or nine years t'> the systematic study of the 
Cirripedis, “No one,^’ he himself tells us, “has a right to 
examine the question of species who has not minutely described 
many.” And Mr. Huxley has pointed out, in the admirable 
memoir of Mr. Darwin whicli he has prepared for the Royal 
Society, that “the acquiremcm of an intimate and practice know- 
ledge of the process of species-making ...” was “of no less 
importance to the author of the ‘ Origin of Species * than was 
the bearing of the Cirripede work upon the principles of a 
natural classification.” 

At present the outlook for syatematic botany is someilvbat dis^ 
cottraging. France, Germany, and Austria no longer possess 
anything like a school in the subject, though they still supf^y 
able and diatwgnished workers. That these are, however, lew, 
may be judged from the fact that U is difficult to fill the place pf 
the lamentM Eichier in the direction of the Botanic Garden and 
Herbarinm at Berlin. Outside our own country, Swits«rlai>4 is 
the most insportaot Mat of general ^stematic study, to Wldeh 
three geaewrttww of De CandeUes have devoted theamelw, Thfr 


most active centres of work at the moment are, )|owever, td ho 
found in our own country, in the United States, dad in 
And the reason is, in each case, no doubt the samd. The enot'- 
mous area of the earth’s surface over which eaca cotUUiy holds 
sway brin|» to tl^ a vast amount of material which poremptotify 
demands discussion. 

No country, however, affords such admirable facHilieB for work 
in systematic botany oS are now to be found in London. The. 
Linnean Society possesses the Herbarium of Linnwu ; the 
Botanical Department of the British Museum is rich in the col-, 
lections of the older botanists ; while at Kew we have a constantly 
increasing assemblage of material, either the results of travel 
and expeditions, or the contributions of correspondents in 
different parts of the Empire. A very large proportion of this 
has been worked up. But 1 am painfitlly impressed with the 
fact that the total of our available workers bMrs but a small 
proportion to the labour ready to their hands. 

ThU is the more a matter of concern, because for the few official 
posts which are open to botanists at home or abroad a practical 
knov/letlge of systematic botany is really indispensable. For suit- 
able Candidates for these one naturally looks to the Universities. 
And so far, 1 am sorry to say, in great measure one looks in vain. 
It would be, no doubt, a great impulse to what is undoubtedly an 
important branch of national scientific work if Fellowships could 
occasionally be given to men who sHowckI some aptitude for it. 
But these should not be mere prizes for undergraduate study, 
but should exact some gnarantce that during tl^ tenure of the 
Fellowship the holder would seriously devote himself to some- 
definite piece of work. At present, undoubtedly, the younger 
generation of botanists show a disposition to turn aside to those 
fields in which more brilliant and more immediate results can be 
attmned. Their neglect of systematic botany brings to some 
extent its own Nemesis. A first principle of systematic botany 
is that a name should denote a definite and ascertainable species 
of plant. But in phyriological literature you wdll find that the 
importance of this is entirely overlooked. Names are employed 
which are either not to be found in the books, or they are alto- 
gether misapplied. I call to mind the case of an English 
physiologist who wrote a highly ingenious paper on the move- 
ment of water in plants. He was content to refer to the plant 
upon which' he experiorented as the “baydaurcl.” I ascertained! 
that the plant he really used was the cberry-laurel. Now the 
bay is truly a laurel, while the cherry-laurel is a plum. Anyone 
repeating his experiments would therefore be led wholly astray. 
But if proper precautions are taken to ascertain the accurate 
botanical name of a plant, no botauist throughout the civilized 
world is at a loss to identify it. 

But precision in nomenclature is only the oecesaary af^iaratus- 
of the subject. The data of systematic botany, when jwoperly 
discussed, lend themselves to very important geneodiiations. 
Perhaps those which are yielded by the study ^ geographical 
distribution are of the most general interest The mantle of 
vegetation which covets the surface of the earth, if only w« coi^ld 
ri^tly unravel its texture, would tell us a good deal about geo- 
logical history. The study of geographic^ distribution, rig^ly 
handled, aflbrds an independent! ine of attack upoo the pr<»lem 
of the past distribution of land and sea. It would probably 
never afford sufficient data. fiar a complete independent solution 
of the problem ; but it must always be extremely usefui as a 
check upon other methods. Here, however, we are embarrassed 
by the enormous amount of work which has ^et to be accotn- 
plished. And unfortunately this is not of a kind whudi can be 
indefinitely postponed. Tm old terrestrial order is fast passing 
away before our eyes. Everywhere the prioaitive vegetation is 
disappearing as more and more of the earth’s surface Is l>rougbt 
into cultivation, or, at any rate, denuded of its forests. 

A good desl, however, has beep done. We owe to the 
indomitable industry of Mr. Bentham Mkd of Sir Ferdinand 
Mueller a comprehensive flora of Australia, ^ first laige area 
of the earth’s surface of which the vegetarion has been Com- 
pletely worked out. Sir Josei>l) Hooker, in hie retirement, has 
puBlm on within sight of completion the cnoriRipxis work of 
describu^ so much of the vast. Indo^M^ayan flora as is eotst: 
prised within the British poasessioiis. To the thgdeh hdltbists 
we owe a tolerably cogqapUte account of the Mateyan flora 
pcoper. But New Guinea stilt remiqs boiairiGa% a 

and till within the last year or turo the flofea of ChW 
hais oMB ae absolute blank to us. A Coeamithie of the British 
Association ^hose report will be presenied to jm)hnii with the 
aid of a smallgnmt of naooey, taken InbatMi ten task ^ 
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iAg vptN Konty duta wliich are a^ailmble in herbaria tad 
mute. THia has sthnutated European residents in China to 
collect more material, and the fine collections which are now 
belitE poured in upon ns will, if they do not overwhelm 

ns by thfo Putcnitude, go a long way in supplying data for a 
tentative discussion of the relations of the Chinese flora to that 
of the rest of Asia. I do not doubt that this will in turn explain 
a good deal that is anomalous in the distribution of plants in 
India, The work of the Comntittee has been practically limited 
to Central and Eastern China. From the west, in Yunnan, the 
French botanists have received even more surprising collections, 
and these supplement our own work in the most fortunate 
manner. I have only to add, for Asia. B nssier’s ** Flora 
Orientalis,” which practically includes the Mediterranean basin. 
But I must not omit the invaluable report of Brigade- Surgeon 
Aitchison on the collections made by him during the Af^an 
Delimitation Expedition. This has given an important insight 
into the vegetation of a region which had never previously been 
adequately examinerl. Nor must I forget the repent publication 
of tne masterly report by Prof. Bayley Balfour on the plants 
collected by himself and Schweinfurth in Socotra, an island 
with which the ancient Egyptians traded, but the singularly anom- 
alous flora of which was almost wholly unknown up to our time. 

The flora of Africa has been at present but imperfectly worked 
up, but the materials have been so far discussed as to afford a 
tolerably correct theory of its relations, llie harvest from Mr. 
Johnston^ expedition to Kilimanjaro was not as rich a$ might 
have been hoped. Still, it was sutficient to confirm the con- 
clusions at which Sir Joseph Hooker had arrived, on very slender 
data, as to the relations of the high-level vegetation of Africa 
generally. The flora of Madagascar is perhaps, at the moment, 
the most Interesting problem which Africa presents to the 
botanist. As the rich collections, for w'hich we arc indebted to 
Mr. Baron and others, are gradually worked nut, it can hardly 
lie doubted that it will be necessary to modify in some respects 
the views uhich are genenally received as to the relation of the 
island to the African continent. My colleague, Mr. Baker, 
communicated to the York meeting of the Association the results 
which, up to that time, he had arrivetl at, an<l these subsequent 
material has not led him to modify. The flora as a whole presents 
u large proportion of endemic genera and specie.s, |>ointing to 
isolation from a very ancient date. The tropical element is, 
however, closely allied to that of Trojneal Africa and of the 
Mascarene Islands, and there is a small infusion of Asiatic ty]>cs 
which do not extend to Africa. The high-level flora, on the 
other hand, exhibits an even closer affinity with that tcmjierate 
flora the ruins of which are scattered over the mountainous 
regions of Centnal Africa, and which survives in its greatest 
concentration at the Cap«. 

The American botanists at Harvard arc still systematically 
carrying on the work of Torrey and Gray in the elabaralion of 
the flora of Northern America. The Russians are, on their 
part, continually adding to our knowledge of the flora of 
Northern and Central Asia. The whole flora of the North 
Temperate Zone can only be regarded substantially as one. 
The identity diirtinUhes southwards and increases in the case of 
the Arctic and Alpine regions. A collection of plants brought 
us from high levels in Corea by Mr. James might, as regards a 
large proportion of the species, have been gathered on one of our 
own Scotch hilts. 

We owe to the munificetioe of two English men of science fche 
organiiiACion of on extensive examination of the flora and fauna 
of Centrai America and the publication of the re^iults. The | 
work, wlien completed, can hairaly be less expensive that of the 
resulw of the Cfutllmxer voyage, which has severely taxed the 
liberality of the KngUsh Government. The problems which 
geograptitcal dittHbution in this region presents wll doubtless be 
Toafvd to he of a stnguiarly complicated nature, and it Is im- 
pwslble to over estimate the debt of gratitude which biologists 
of all countries must owe to Messrs, Godman and Balyin when 
their arduotfs nndertaktng Is completed. I am happy to «y 
that the botanical portion, which nks been elaborated at Kew, is 
ifil W fliiWiedL 

In Sonth America, I meet oonfetit myjielf with referring to the 
great ** Flora Btasilleftsis,” commeam by Marttus half a 
cetttttiy ago, and still slowly piogmasing under the editorship of 
Fflri. Utfim, at Beilla. Uttle dheuaeidn has yet been Mtempted 
of mats of material which is enshrined in the mighty array 
of volumes already published. But the travels of Mr. Ball in 
South America have led him to the detection of some very 


interesting probteims. The enormous pluTial denudatioii of the 
ancient portions of the continent has led to the gradual btendicig 
of the flora of diflTerent levels with sufficient slowness to permit 
of adaptive changes in the process. The tr^ioal flora of 
Brazil, therefore, presents an admixture of modifted temperate 
ty^ which gives to the whole a peculiar character not met 
with to the same degree in the tropics of the Old World. On the 
other hand, the comparatively recent elevation of the southern 
portion of the continent accounts, in Mr. Ball's eyes, for the 
singular poverty of its flora, which we may regard indeed as still 
in progress of development. 

The botany of the Chaiienger Expedition, which was also 
elaborated at Kew, brought for the first time into one view all 
the available facts as to the floras of the older oceanic islands. 
To this was added a discUMion of the origin of the more recent 
floras of the islands of the Western Pacific, based upon material 
carefully collected by Prof. Moseley, and supplemented by the 
notes and specimen*; accumulated with much judgment by Dr, 
Guppy. For the first time we were enabled to gel some idea 
how a tropical island was furnished with plants, and to dis- 
criminate the littoral element due to the action of oceanic 
currents from the interior forest almost wholly due to frugivorous 
birds. The recent examination of Christmas Island by the 
English Admiralty has shown the process of island flora-making 
in another stage. The plants collected by Mr. Lister prove, as 
might be expected, to be closely allied to those of Java. Bui 
the effect of isolation has begun to tell ; and t learn from my 
colleague, Prof. Oliver, chat the plants from Christmas Island 
cannot be for the mo.stpart exactly matched with their congeners 
from Java, but yet do not difler sufficiently to be specifically 
distinguished. We have here, therefore, it appears to me, a 
manifest case of nascent species. 

The central problem of systematic botany I have not as yet 
touched upon ; this is to perf^t a natural classification. Such 
a classification, to be perf^t, must be the ultinoate generalization 
of every scrap of knowledge which we can bring to bear upon the 
study of plant affinity. In the higher plants experience has shown 
that we can obtain results which are sufficiently accurate for the 
present without carr>'ing our structural analysis very far. Yet even 
here, the correct relations of the Gymnosperms would never 
have been ascertained without patient and minute ndcroscopic 
study of the reproductive processes. Upon thete, indeed, the 
correct classification of the Vascular Cryptogams wholly depends, 
and generally, as we descend in the scale, exlemsl morphology 
becomes more and more insecure as a guide, and a thorough 
knowledge of the minute structure and life -history of each 
organism becomes indispensable to anything like a correct deter- 
mination of its taxonomic position. The marvellous theory of 
the true nature of lichens would never have been ascertained by 
the ordinary methods of examination which were held to be 
sufficient by lichcnologists. 

The final form of every natural classification — for I have no 
doubt that the «neral principles I have laid down are equally 
true in tlK‘ field of zoology — must be to approximate to the 
order of descent. For the theory of descent liecame an irresistible 
induction as soon as the idea of a natural classification had been 
firmly grasped. 

In regard to flowering plants we owe, as I have said, the first 
step in a natural classification to our own great naturalist, Fohn 
Ray, who divided them into Monocotyledons and Dicotyledons. 
The celebrated clasrification of Linnaeus was avowedly purely 
artificial. It was a temper^ expedient, the pix^tsional 
character of which no one realized more thoroughly than him- 
self, He, in fact, hitiMclf gave ere one of the earliest outlines of 
a truly natural system. Such a system is based on afimity, and 
we know of no other ex|flanation of affinity than that which is 
implied in the word— namely, common parentage. No one finds 
any diflicultT in admitting that, where a number of individusl 
organisms closely resembre one another, they mtret have been 
derived from the same stock. I allow that, in ca«as where 
external form is widely dBfcrent. the conclusion to one who is 
not a natartl«M ia by no means so obvious. Hut in sadt caaeg it 
resta on the Ivrofoarid and constant rwemblanee of internal points 
ofstkuctuie. Anyone who studies the matter with a periectly 
open mind finds it impossible to draw a line. If genetic rela- 
tiottihip or hetndhy h admitted to be the exphmatkm of affinity 
in the naoet obriOM catse, the stage.s are imperceptible by which 
the ume conclu^ is wbn to be inevitable wtwn the evidence 
is fhirlj examined, even in coses where at the first gUnee it 
seems least Ukely. 
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’This leftds m* tt) touc^ oo tbe ifwsiit theory which we owe to 
Mr. Darwin. That theory, ! need hardly say, was not merely 
a theory of dcRcent. This had aii^ested itself to naturalists in 
the way I have Indicated long before. What Mr. Darwin did 
was to show how by perfectly natural causes the separation of 
living organisms into races which at once resemble and yet differ 
from one another so profoundly came about. Heredity explains 
the resemblance ; Mr,. Darwina great discovery was that varia- 
tion worked upon bjf natural selection explained the difference. 
Tljat explanation seems to me to gather strength evei^ day. and 
to continually reveal itself as a more and more efficient solvent 
of the problems which present themselves to the student of 
natural nistory. At the same time, I am far from claiming for It 
the authority of a scientific creed or even the degree of certainty 
which is possessed by some of the laws of astronomy. I only 
affirm that as a theory it has proved itself a potent and invalu- 
able instrument of research. It is an immensely valuable induc- 
tion ; but it has not yet reached such a position of certitude as has 
l^en attained by the law of gravitation ; and 1 have myself, in 
the field of botany, felt bound to protest against conchisions 
being drawn deductively from it without being subjected to the 
test of experimental verification. This altitude of mine, which 
I believe I share with most naturalists, niu'-t not, however, he 
mistaken for one of doubt. Of doubt as to the validity of Mr. 
Darwin^s views I have none : I shall continue to have tone till 
I come across facts which suggest doubt. But that is a different 
position from one of absolute certitude. 

It is therefore without any dissatisfaction that I observe that 
many competent persons have, while accepting Mr. Darwin’s 
theory, set themselves to criticise various parts of it. But I 
must confess that I am disposed , to share the opinion expressed 
by Mr. Huxley, that these criticisms really rest on a want of a 
thorough comprehension. 

Mr. Romanes has put forward a view which deserves the 
attention due to the speculations of a man of singular subtlety 
and dialectic skill, lie has startled us with the paradox that 
Mr. Darwin did not, after all, put forth, as I conceive it was his 
own impression he did, a theory of the origin of species, but 
only of adaptations. And inasmuch as Mr. Romanes is of 
opinion that specific differences are not adaptive, while those 
of genera are, it follows that Mr. Darwin only really accounted 
for the origin of the latter, while for an explanation of the 
former we must look to Mr. Romanes himself. For my part, ‘ 
however, I am altogether unable to accept the premises, and 
therefore fail to reach the conclusion. Specific differences, 
as we find them in plants, are for the most part indubitably 
adaptive, while the distinctive characters of genera and of higher 
groups are rarely so. Let anyone take the numerous species of 
some well-characterized English genus— for example, Kanuncu- 
lus ; he will find that one species is distinguished by having 
creeping stems, one by a tuberous root, one by floating leaves, 
another by drawn-out submerged one*., and so on. But each 
possesses those common clamctcrs which enables the botanist 
almost at a glance, notwithstanding the adaptive disguise, to 
refer them to the common genus A'amtnru/us. It seems to me 
quite easy to see, in fact, why specific characters should be 
usually adaptive, and generic not so. Species of any large 
genus must, from the nature of things, find themselves exposed 
to anything rather than uniform conditions. They must acquire, 
therefore, as the very condition of their existence, those adaptive ! 
characters which the necessities of their life demand. But this 
rarely affects those marks of affinity which still indicate their ! 
original common origin. No doubt these were themselves once 
adaptive, but they have long been overlaid by newer and more 
urgent modifications. Still, Nature is ever conservative, and 
these reminiscences of a bygone history persist ; significant 
to the systematic botanist as telling an unmistakable family 
story, but far removed from the stress of a struggle in which ■ 
they no longer are called upon to bear their part. 

Another episode in the Darwinian theory is, however, likely 
to occupy our attention for some time to come, The biological 
world now looks to Prof. Weismann as occupying the most 
prominent position in the field of speculation. His theory of 
the continuity of the germ-plasm has been put before English 
readers with extreme lucidity by Prof. Moseley. That theory, I 
am free to confess, I do not find it easy to grasp clearly in all 
its concrete details. At any rate, my own studies do not furnish 
me with sufficient data for criticizing them in any adequate way* 

It is, however, hound up with another theory— the non-inherU*- 
ance of acquired characters — which U more open to genei^ 


discussion. If with Weismann we accept this it 

cannot be doubted that the burden throvi^ on natpt^si selp^Ob 
is enormously increased* But I do not see that the theoiy of 
natural selection itself is in any way impaired in cohsequenoe/ 

The question, however, is, Are we to acc^ the prioeiede? 
It appears to me that it is entirely a matter of evidence. It is 
proverbially difficult to prove a negative. In the analogous case 
of the inheritance of accidental mutilations, Mr. Darwin con^ 
tents himrelf with observing that we should be ** cautious in 
denying it. ’’ Still, 1 believe that, though a great deal of pains 
has been devotetl to the matter, there is no case in which it has 
>)een satisfactorily proved that a character acquired by an organ-* 
i.sm has been transmitted to its descendants ; and there is, of 
course, an enormous bulk of evidence the other way. 

The consideration of this point has given rise to what has 
)>een called the new L^amarcktsm. Now, Lamarck accounted 
for the evolution of organic Nature by two principles — the tend- 
ency to progressive advancement and the force of external cir- 
cumstances. The first of these principles appears to me, like 
Nageli’s internal modifying force, to be simply substituting a 
a name for a thing. Lamarck, like many otner people bemre 
him, thought that the higher organisms were derived from others 
lower in the scale, and he explained this by saying that they had 
a tendency to be so derived. This appears to tne much as if we 
explained the movement of a train from London to Bath by 
attributing it to a tendency tu locomotion. Mr. Darwin lifle^l 
the whole matter out of the field of mere transcendental specu- 
lation by the theory of natural selection, a perfectly intelligible 
mechanism by which the result might be brought about. Science 
will always prefer a material nsflaus ff/vram/i to anything so vague 
as the action of a tendency. 

Lamarck’s second principle deserves much more serious con- 
sideration. To be i^erfeclly fair, we must strip it of the crude 
illustrations with which he hampered it. To suggest that a bir<i 
became web-footed by persistently stretching the skin between 
its toes, or that the neck of a giraffe was elongated in the per- 
petual attempt to reach the foliage of trees, seems almost repug- 
nant to common-sense. Bui the idea that changes in climate 
and food — i.t. in the conditions of nutrition generally — may 
have some slow but direct influence on the organism seems, on a 
superficial view, so plausible, that the mind is very prone to accept 
it. Mr. Darwin has himself frankly admitted that he thought 
he had not attached sufficient weight to the direct action of the 
environment. Yet it is extremely difficult to obtain satisfac- 
tory evidence of effects produced in this way. Hoffmann ex- 
perimented with much pains on plants, and the results were 
negative. And Mr. Darwin confessed that Hoffmann’s paper 
had “ staggered” him. 

Organic evolution still, therefore, seems to me to be explained 
in the simplest way as the result of variation controlled by natural 
selection. Now, both these factors are perfectly intelligible 
things. Variation is a mere matter of every-day observation, 
and the struggle for existence, which is the cause of which 
natural selection is the effect, is equally so, If we state in a 
parallel form the Lamarckian theory, it amounts to a tendency 
controlled by external forces. It appears to me that there is no 
satisfactory basis of fact for either factor. The practical supe- 
riority of the Darwinian over the Lamarckian theory is, os a 
working hypothesis, immeasuraUe. 

The new Lamarckian school, if I understand their views cor- 
rectly, seek to re-introduce Lamarck’s “tendency.” The fact has 
been admitted by Mr. Darwin himself that variation is not 
illimitable. No one, in fact, has ever contended that any type 
can be reached from any point. For example, as WcUmaim 
puts it, “Under the most favourable circumstances, a bird can 
never become transformed into a mammal.” It is deduced from 
this that variation takes place in a fixed direction only, and thi’f 
is a^umed to be due to an innate law of development, or, as 
Weismann has termed it, a “phyletic vital force.*’ But the 
introduction of any such directive s^ency is superflaous, became 
the limitation of variability is a necessmy consequence of the 
physical constitution of the varying organism. 

It is supposed, however, hy many people that a necessary p^ 
of Mr. Darwin’s theory is the ex^nation of the phenomenbilr 
of variation itself. But really this is not more reasonable than 
to demand that it should explain gravitation or the souroe Of 
solar energy. 'Fhe investigation of a^ one of thtfe phenomena 
is a matter of first-rate importance. But the cause of. vaciidion 
is perfectly independent of the resulU that flow from It wh^ 
subordinated to natund selection. 
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it It difScaU to establish the fact that external causes 
promote yartation directly, it U worth considering whether 
they .may not do so indirectly, Weismann, like Lamarck before 
has pointed out, as others have also done, the remarkable 
penlitenoe of the plants and animals of Egypt ; and the evi- 
dence of this is now even stronger. We, at Kew, owe to the 
kindness of Dr. Schweinfurth, a collection of specimens of plants 
from K^ptian tombs, which are said to be as much as 4000 
years old. They are still perfectly identifiable, and, as one of 
my predecessors in this chair has pointed out, they differ in no 
re^iict from their living representatives in Egypt at this day. ^ 
The explanation which Lamarck gave of this uct ** may well,’^ | 


graphy, temperature, and other natural conditions. The ex- 
jdanation seems to me adequate. The plants and animats, we 
may fairly assume, were, 4000 years ago, as accurately adjusted 
to the conditions in which they then existed as the fact of their 
persistence in the country shows that they must be now. Any 
deviation from the type that existed then would either, there- 
fore, be disadvantageous or indifferent. In the former case it 
would be speedily eliminated, in the latter it would be swamped 
by cross-breeding. But we know that if seeds of these plants 
were introduced into our gardens we should soon detect varieties 
amongst their progeny. Long observation upon plants under , 
cultivation has always disposed me to think that a change of 1 
external conditions actually stimulated variation, and so gave I 
natural selection wider piny and a better chance of re-establish- 
ing the adaptation of the organism to them. Weismann ex- 
plains the remarkable fact that organisms may for thousands of 
years reproduce themselves unchanged by the principle of the 
}>erai8tence of the germ* plasm. Yet it seems hard to believe ; 
that the germ-plasm, while enshrined in the individual whose race 
it is to perpetuate, and nourished at its expense, can \>t wholly 
indifferent to all its fortunes. It may be ao, hut in that case it 
would be very unlike other living elements of organized beings. 

I am bound, however, to confess that I am not wholly satis- 
fied with the data for the discussion of this question which 
practical horticulture supplies. That the contents of our gardens 
do exhibit the re-ults of variation in a most astonishing degree 
no one will dispute. But for scientific purposes any exact 
account of the treatment under which these variations have 
occurred is unfortunately usually wanting. A great deal of the i 
most striking variation is undoubtedly due to wide crossing, and 
these cases must, of course, be eliminated when the object is to : 
test the independent variation of the germ -plasm. Hoffmann, 
whose experiments I have already referred to, doubts whether 
plants do as a matter of fact vary more under cultivation than in 
their native home and under natural conditions. It would be 
very intere^iting if this could be tested by the concerted efforts I 
of two cultivators, say, for example, in Egypt and in England. I 
,Let some annual plant be selected, native of the former country, | 
and let its seed be transmitted to the latter. Then let each 1 

« tivatOT select any variations that arise in regard to some given ’ 
iracter ; set to work, in fact, exactly as any gardener would j 
who wanted to ** improve^’ the plant, but on a preconcerted | 
plan. A comparison of the success which each obtained would 
be a measure of the effect of the change of the environment on 
variability. If it proved that, as Hoffmann suppc»ed, the 
change of conditions did not affect what we may call the rate of 
variation, then, as Mr. Darwin remarks in writing to Prof. 
Semper, ‘*the astonishing variations of almost all cultivated 

f danU most be due to selection and breeding from the varying 
ndividuals. This idea,*' he continues, crossed my mind 
many years ago, but I was afraid to publish it, as I thought that 
people would say, * How he does exaggerate the importance of 
selection.' " From an independent consideration of the subject 
I also find my mind somewhat shaken about it. Yet I feel 
disposed to say with Mr. Darwin, “I still must believe that 
ohaijged conditions give the impulse to variability, but that they 
act in m&si cases in a veiy indirect manner.** 

Whatever conclusions we arrive at on these points, everyone 
wUl agree that one result of the Darwinian theory has been to 
give a great impulse to the study of oiganUms, if J may say so, 
as “going concerns.” Interesting as are thh problems which 
the itructure, the functions, the affinity, or the geogrephical dis- 
trihUtioft of a plant may afford, the living plant In iMf is even 
ttiovo interesting aUll. 

Igmtf oigan will bear interrogation to trace the meaning and 
of Its form and the part it plays tn the pleni'i economy. 


That there is here an immense field for investigation there ean 
be no doubt. Mr. Darwin himself set u$ the example in a series 
of masterly investigations. But the field is well-nigh inex- 
haustible. The extraordinary variety of form which plants 
exhibit has led to the notion that much of it may have arisen 
from indifferent variation. No doubt, as Mr. Darwin hoa 
pointed out, when one of a group of structures lield together by 
some morphological or physiological nexus varies, the rest will 
vary cor relatively. One variation then may, if advantageous, 
become adaptive, while the rest will be indifferent. But it 
appears to me that such a principle should be applied with the 
greatest caution ; and from what 1 have myself heard fall from 
Mr. Darwin, I am led to believe that in the later years of hia 
life he was disp^ed to think that every detail of plant structure 
had some adaptive significance, if only the clue could be found 
to it. As regards the forms of flowers an enormous body of in- 
formation has been collected, but the vegetative organs have not 
yielded their secret to anything like the same extent. My own 
impscsi>tan is that they will ^ found to be adaptive in innu' 
merahle ways which at present are not even suspected. At Kew 
we have probably a larger number of species assembled together 
than are to be found anywhere on the earth’s surface. Here, 
then, is ample material for observation and comparison. But 
the adaptive significance will doubtless often be found by no^ 
means to lie on the surface. Who, for example, could possibly 
have guessed by inspection the purpose of the glandular bodies 
on the leaves of Acacia spharocephcila and on the pulvinus of 
Cecropia pcUata which Belt in the one case, and Fritz Muller im 
the other, have shown to serve as food for ants ? So far from 
this explanation being far-fetched. Belt found that the former 
'Mrce IS actually unable to exist without its guard,” which it 
could not secure without some attraction in the shape of food. 
One fact which strongly impresses me with a belief in the adap- 
tive significance of vegetative characters is the fact that they 
are constantly adopted in almost identical forms by plants of 
widely different affinity. If such forms were without significance 
one would expect them to be infinitely varied. If, however, 
they are really adaptive, it is intelligible that different plants 
should independently avail themselves of identical appliances 
and expedients. 

Although this country is splendidly equipped wdth appliances 
for the study of systematic botany, our Universities and Colleges, 
fall far behind a standard which would be considered even 
tolerable on the Continent in the means of studying morpho- 
logical and physiological botany or of making researches in 
these subjects. There is not at the moment anywhere in 
London an adequate botanical laboratory, and though at most 
of the Universities matters arc not quite so bad, btnl I am not 
aware of any one where it is possible to do more than give the 
routine instruction, or to allow the students, when they have 
passed through this, to work for themselves. It is not easy to- 
see why this should be, because on the animal side the accom- 
modation and appliances for teaching comparative anatomy and 
physiology are always adequate and often palatial. Still less 
explicable to me is the tendency on the part of those who have 
charge of medical education to eliminate botanical study from 
the medical curriculum, since historically the animal histologists 
owe everything to botanists. In the seventeenth century, as I 
have already mentioned, Hooke first brought the microscope to 
the investigation of organic structure, and the tissue be examined 
was cork. Somewhat later, Grew, in his “Anatomy of Plants,” 
gave the first germ of the cell-theory. During the eighteenth 
century the anatomists were not merely on a hopelessly wrong, 
tack themselves, but they were bent on dragging botanists into 
it also. It was not till 1837, a little more than fifty years ago,, 
that Henie saw that the structure of epithelium was practically 
the same as that of the parenchyma plantarum which Grew had 
described 1 50 years before. Two years later Schwann pub- 
lished his immortal theory, which comprised the ultimate facts 
of plant and animal anatomy under one view. But it was to a 
botanist, Von Mohl, that, in 1846, the biological world owed 
the first , clear descriiHion of protoplasm, and to another botani8t^ 
Cohn (1851), the identification of this with the sarcode of 
zoologists. 

Now the historic order in discovery is not without its sig- 
nificance. . The path which the first investigators found most 
accessible is doubtless that which beginners will also find easiest 
to tread- I do npt ibyself believe that any better access can be 
obtained to the structure and functions of living tissues than by 
the study of plants. However, 1 am not without hopes that the 
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serious of Irotiny in the Ubomtory will be in time better 
csred for, I do not hesitate to claim for it a poftition of the 
greatest importance in ordinary scientific education. All the 
essential pnenamena of living organisms can be readily demon- 
strated upon plants. The necessary appliances are not so i 
ctjstly, and the work of the class room is free from many diffi- 
culties with which Uje-^stadent of the animal side of biology has I 
to contend. ^ 

Thoee, however, who have seriously devoted themselves to the 
pursuit of either morphologjcal or physiological botany need not 
now be wholly at a loss. The splen^d laboratory on Plymouth 
Sound, the erection of which we owe to the energy and en- 
thusiasm of Prof. Kay Lankester, is open to botanists as well as 
to soodogists, and affords every opportunity for the Investigation 
of marine plants, in which little of late years has been done in 
this country. At Kew we owe to private munificence a com- 
modiout laboratory in which much excellent work has already 
been done, And this Association has made a small grant in 
aid of the establishment of a laboratory in the Royal Botanic 
Oarden at Peradeniya, in Ceylon. It may be hoped that this 
will afford facilities for work of the same kind ns has yielded 
Dr. Treub such a rich harvest of results in the Buitenzorg 
Botanic Garden in Java. 

Physiological botany, as I have already pointed out, is a field 
in which this country m the past has accomplished great things. 
It has not of late, however, obtained an amount of attention in 
anyway proportionate to that devoted to animal physiology. In 
the interests of physiological science generally, this is much to 
he deplored ; and I believe that no one was more firmly con- 
vinced of this than Mr. Darwin. Only a short time before his 
death, in writing to Mr. Romanes on a book that he had recently 
been reading, he said that the author had made a gigantic 
oversight in never considering plants : these would simplijy the 
problem for him.** 1 his goes to the root of the matter. There 
IS, in my iudgment, no fundamental biological problem which is 
not exhibited in a simpler form by plants than animals. It is 
t^ossible, however, that the distaste which seems to exist amongst 
our biologists for physiological botany may be due in some 
measure to the extremely physical point of view from which it 
ha« been customary to treat it on the Continent. It is owing in 
great measure to the mediod of Mr. Darwin's own admirable 
researches that in this country wc have been led to a more 
excellent way. The work which has been lately done in 
England seems to me full of the highest promise. Mr. Francis 
Darwin and Mr. Gardiner have each m different directions 
shown the entirely new point of view which may be obtained by 
treating plant phenomena as the outcome of the functional 
activity of protoplasm. I have not the least doubt that l)y pur- 
suing thifc path English research will not merely place vegetable 
physiology, which has hitherto been too much under the iimuence 
of Lamarckism, on a more rational basis, but that it will also 
sensibly react, as it has dorte often before, on animal physiology. 

There is no part of the field of physiological botany which 
has yielded reeaJts of more interest and importance than that 
whl^ Sedates to the action of ferments and fermentation ; and I 
could hardly give you a belter illustration of the purely biological 
method of treating it. 1 believe that these results, wonderful 
and faerinating as they are, afford but a faint indication of the 
range of those that are still to be accomplished. The subject is 
one of extreme intricacy, and it is not easy to speak about it 
briefly. To begin with, it embodies two distinct groups of 
phenomena which have in reality very little which is essential in 
common. 

What are usitally called ferments are perhaps the moat re- 
markable of all chemical bodies, for they have the power of effect - 
ihg very profound changes in the chemical constitution of other 
substances, although they may be present in very minute quantity ; 
but, oBd this is their moi-t singular and characteristic property, 
they themaelves remain unchatiged in the process. It may be 
ftoid without hesitation that the whole nutriiio.n of both animals 
and jiilatits depends on the action of fermenis. Organisms are 
inca^ble of using SDlid nutrient matter for. the repair and 
extetJficm of their tissues ; this must be fir^t brought into a soheible 
form before it can be made available, and this change is getietally 
brougfapt abottt by the action of a ferment. Animal phyaioicqgy 
has bntt been familiar with the part played by fisrments, and 
it zn^ be atld that no small patt m the animal economy U attode 
up of required either for the montrfactore of feroiente Of 
for the eapoitttt of ingested food to their action. U may a^em 
strange at first sight to speek of analogous processes taking 


place in plants. But it moat be nmrnbered that {tetit 
mdttdes two very distinct stages. Caftan partly of ptanta bWtd 
up, as everyone knows, from external rnotg^ic m^erlali vib* 
Stances which are available for the construction of new tissues. 
It might be supposed that these are used up as fast as they ate 
formra. But [t is not so ; the life of the plant is not a oontinuous 
balance of Income and expenditure. On the contrary, besides 
the general maintenance of its structure, the plant hsfs to provide 
from time to time for enormous resources to meet such exhausting 
demands as the renewal of foliage, the production of flowers, 
and the sabseqnent maturing of fruit. 

In such cases the plant has to draw on an accumulated store 
of solid food which has rapidly to be converted into the soluble 
form in which atone it is capable of passing through the 
tissues to the seat of consumption. And I do not doubt for my 
part that in such cases ferments are brought into play of the 
same kind and in the same way as in the animal economy. 
Take such a simple case as a potato-tuber. This is a mass of 
cellular tissue, the cells of which are loaded with starch. Wo 
may either dig up the tuber and eat the starch ourselves, or we 
may leave it in the ground, in which case it will be consumed 
in providing material for the growth of a potato-plant next year. 
But the processes by which the insoluble starch is made avail- 
able for nutrition are, 1 cannot doubt, closely similar in either 
case. 

When we inquire further about these mysterious and all- 
important bodies, the answer we can give is extremely inade- 
quate. It is very difficult to obtain them in amount sufficient 
ior analysis, or in a state of purity. Wc know, however, that they 
are clo-cly allied to albuminoids, and contain nitrogen in vary- 
ing proportion. Papain, which is a vegetable ferment detiv^ 
from the fruit of the papaw, and capable of digesting most 
animal albuminoids, is said to have the same ullitnaie composi- 
tion as the pancreatic ferment and as peptones, bodies closely 
allied to proteids ; the pro j?er ties of all three bodies are, how- 
ever, very different. It seems clear, nevertheless, that ferments 
must be closely allied to proteids, and, like these bodies, they 
are, no doubt, directly derived from protoplasm. 

I need not remind you that, unlike other constituents of plant 
tissues, protoplasm, as a condition of its vitality, is in a constant 
Slate of molecular activity. The maintenance of this activity 
involves the supply of energy, and this is partly derived from 
the waste of its own substance. This ‘‘sel^decomposition *' of 
the protoplasm liberates energy, and in doing so gives rise to a 
number of more stable bodies than protoplasm. Some of these 
are used up again in nutrition ; others are thrown aside, and are 
never drawn again into the inner circle of vital processes. In 
the animal organism, where the strictest economy of bulk is a 
paramount necessitjs they are promptly got rid of by the pro- 
cess of excretion. In the vegetable economy the«e residual pro- 
ducts usually remain. And it is for this reason, I may point 
out, that the stuily of the chemistry of plant nutrition ap^rs 
to me of such immense importance. The record of ch^ical 
change is so much more carefully preserved ; and the prob- 
ability of our being able to trace the course it has followed is 
consequently far more likely to be attended with success. 

This preservation in the plant of the residual by-products of 
protoplasmic activity no doubt accounts for the ctrcnittstance 
which otherwise is extremely perplexing — the profusion of sub- 
stances which we meet with in the vegetable kingdom to which 
it is hard to attribute any useful purpose. It seems probable 
that ferments, in a great many cases, belong to the same cate- 
gory. 1 imagine that it is In some degree accidental that soilie 
of them have been made use of, and thus the plant ha? bden 
able to temporarily lock up accumulations of food to be driiwn 
upon in future phases of its life with the certainty that they 
would be available. Without the ferments the key of the 
storehouse would be lost irretrievably. 

Plants, moreover, are now known to pMsess fentiettta, an^ 
the number will doubtless increase, to which it dlfficint to 
attribute any useful function. Papain, to which I have already 
alluded, abounds in the papaw, but it U not easy to axilla to 
it any definite function ; still less is it easy* on telecdojgjcai 
rounds, to account for the rennet ferment Contained in the 
traits of an Indian plant, Withani^ € 9 agu*ans^ xmd admirably 
investi^ed by Mr. Sheridan Lea. 

Having dwelt »o far on the action of ferwents^ we 
turn to. fenneAtation« aad that Other kind of dhi^He 
matter called ^‘putrefaction,** which ie known to to 
aUied to fermentation. Fements and fenoehlation* as 1 wftv# 
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olKAdv remrked^ liave very Uttle to do with one another ; and 
it Wtmid save confusion and emphasize the fact if we ceased to 
sp^ of ferments but used some of the alternative names which 
hhve been proposed for them, sucli as zvmases or en%ymes, 

, The classical case oT fermentation, which U the root of our 
whole knowledge of the subject, is that of the conversion of 
sugar into alcohol. Its discovery has everywhere accompanied 
the hrst stages of civitisalion in the human race. Its details arc 
now taught in our text -boobs ; and 1 should hardly hope to be 
excused for referring to it in any detail if it were not necessary 
for my purpose to draw your attention more particularly to one 
or two poiats connected with it. 

Let us trace what happens in a fermenting liquid. It becomes 
turbid, it froths and cncrvesces, the temperature sensibly in- 
creases ; this is the first stage. After this it begins to clear, the 
turbidity subsides as a sediment ; the sugar which the fluid at first 
contained has in great part disappeared, and a new ingredient, 
alcohol^ is found in its place. 

It is just fifty years ago that the great Dutch biologist Schwann 
made a series of investigations which incontrovertibly demon- 
strated that both fermentation and putrefaction were due to the 
presence of minute organisms which live and propagate at the 
expense of the liquids in which they produce as a result these 
extraordinary changes. The labours oi Pasteur have confirmed 
Schwann’s results, and — what could not have been foreneen— 
have extended the possibilities of this field of investigation to 
those disturbances in the vital phenomena of liviojr organisms 
themselves which we include under the name of disease/’ and 
which, no one will dispute, are matters of the deepest concern 
to every one of us. 

Now, at first sight, the conversion of starch into sugar by 
means of diastase seems strikingly analogous to the conversion 
of sugar into alcohol. It is for this reason that the phenomena 
have been so long associate! But it is easy to show that they 
are strikingly different. Diastase is a chemical substance of 
obscure composition it is true, but inert and destitute of any vital 
properties, nor is it affected by the changes it induces. Yeast, 
on the other hand, which is the active agent in alcoholic 
fermentation, is a definite organism ; it enormously increases 
during the process, and it appears to me impossible to resist the 
conclusion that fermentation is a necessary concomitant of the 
peculiar con<litions of it.s life. Let me give you a few facts 
which go to prove this. In the first place, you cannot ferment 
n perfectly pure solution of sugar. The fermentable fluid must 
contain saline and nitrogenous matters necessary for the nutri- 
tion of the yeast protoplasm. In pure sugar the yeast starves. 
Next, Schwann lound that known protoplasmic poison^, by 
killing the yeast- cells, would prohiVut fermentation. He found 
the same remit to hold good of putrefaction, and this, is the 
basis of the whole theory of antiseptics. Nor can the action of 
yeast be attributed to any fennent which the yeast secretes. It 
i« true that pure cane-sugar cannot be fermented, and that yeast 
effects the mversion of this, as it is calle<l, into glucose and 
Isevuiose. It does this by a ferment which can be extracted from 
it, and which is often present in plants. But you can extract 
nothing from yeast which will do its peculiar work apart from 
iUelf. Helmholtz made the crucial experiment of suspending a 
bladder full of boiled grape-juicc in a vat of fermenting must ; 
it underwent no change ; and even a film of blotting-paper has 
been found a auffident obstacle to its action. We arc driven, 
then, neceasarUy to the conclusion that in the action of 'Ter- * 
ments” or zymascB we have to do with a chemical— f.r. a purely 
physical process ; while in the case of yeast wc encounter a purely 
pbystologicdl one. 

flow, then, is this action to be explained ? Pasteur has laid 
stress on a fact which had some rime been known, that the pro- 
duction of alcohol from sugar is a result of which yeast has not 
the monopoly. If ripening fruits, such as plums, are kept in an 
atmosphere free from oxygen, B6ard found that they, too, 
exhibit this remarkable trai^sformation ; their sugar is converted 
appreciably into alcohol. On the other hand, Pasteur has shown 
that, if nest is abundantly supplied with Oxygfen, it fspd» <^n the 
saw of a fermentable fluid withottt producing alcohol. But, 
under the ordinary circumstances of fermefnerion, its access to 
oxygen is procticAly cut off ; the yeast, theiii is in exactly the 
samn predicament as the fruit In B^mrd's experiinent. Sugar is 
im bito Ctirbon dioxide and alcohol m on omoant for in 
the needs of mw nutrition. In this dissociation it 
dm ,be tl^at an amount of energy is set free In the form of 
e^ool to fdmut one-tenth of what wtmtd be produced by the 


total combustion of an equivalent amount of grape-sugar. If 
the protoplasm of the yeast could, with the aid of atmospheric 
oxygen, completely decompose a unit of grape-sugar, it would 
get ten times as much energy in the shape or heat ns it could 
get by breaking it up into alcohol and carbon dioxide. It 
follows, then, that to do the same amount of growth in either 
case, it must break up ten times as much sugar without a supply of 
oxygen as with it. And this throws light on what has always 
been one of the most remarkable facts about fermentation — the 
enormous amount of change which the yeast manages to effect in 
proportion to its own development. 

There are still two points about yeast which deserve attention 
before we dismiss it. When a fermenting liquid comes to contain 
about 14 per cent, of alcohol, the activity of the yeast ceases, 
quite independently of whether the sugar is used up or not. In 
other cases r>f fermentation the same inhibiting effect of the 
products of fermentation is met with, Tlius, lactic fermentation 
soon corner to an end unless calcium carbonate or some similar 
substance be added , which removes the lactic acid from the 
solid ion as fast as it is formed. 

The other point is that in all fermentations, besides what may 
be termed the primary products of the process, other bodies are 
produced. In the case of alcoholic fermentation the primary 
bodies are alcohol and carbon dioxide ; the secondary, succinic: 
acid and glycerine. Del pi no has suggested that these last 
arc residual products derived from that portion of the fer- 
mentable matter which Is directly applied to the nutrition of the- 
protoplasm. 

Yeast, itself the organism which effects the remarkable 
changes on which I h.uvc dwelt, is somewhat of a problem. It 
is clear that it is a fungus, the germs of which must be ubiqui- 
tous in the atmosj)here. It is difficult to believe that the simple 
facts, which arc all we know about it, constitute its entire 
Hfc-bistory. It is probably a transitory stage of some more 
complicated organism. 

I can only briefly refer to putrefaction. This is a far more 
complex process than that which 1 have traced in the case of 
alci^holic fermentation. In that, nitrogen is absent, while it is an 
csservtial ingredient in albuminoids, which are the substances 
which undergo putrefactive changes. But the general principles 
are the same. Here, too, we owe to Schwann the demonstration 
of the fact that the effective agents in the proews are liviti^ 
organisms. If wc put into a floitk a piitresciblc liquid such as 
broth, boil it for some time, and during the process of boiling 
plug the mouth with some cotton -wool, we know that the broth 
will remain long unchanged, while if we remove the wool 
putrescence soon begins, Tyndall has shown that, if we 
conduct the experiment on one of the high glaciers of the Alps,, 
the cotton-wool nuiy be di-t^ensed with. We may infer, then, 
that the germs of the organisms which produce putrefaction are 
abundant in the lower levels of the atmosphere and aie absent 
from the higher. They are wafted about by ctirrenis of air ; 
but they arc not imponderable, and in still air they gradually 
subside. Dv. I.odge has shown that air is rapidly cleared of 
suspended dust by an electric discharge, and this, no doubt, 
affords a simple explanation of the popular belief that thunderous 
weather is favourable to putrefactive changes. 

Coho believes that putrefaction is due to due to an organism 
colled Bacterium fermo, which plays in it the same part that 
yeast does in fermentation. This is probably loo simple a 
statement ; but the general phenomena are nevertheless similar. 
There h the same breaking down of complex into simpler 
molecules ; the same evolution of gas, especially carbon dioxide ; 
the same rise of temperature. The more or less stable products 
of the procciiS are infinitely more varied, and it is difficult, if not 
impossible, to say, in the present state of our knowledge, 
whether in most cases they are the direct outcome of the putre- 
factive process, or residual products of the protoplasmic activity 
of the organisms which induce it. Perhaps, on the analogy of 
the higher plants, in which some of them also occur, wc may 
attribute to the latter category certain bodies closely resembling 
vegetable alkaloids ; these ai^ called ptomaines, and are extremely 
pmsonous. Besides such bodies, Bacteria undoubtedly generate 
true feitnents and peculiar colouring-matters. But tliere arc in 
most caseK of putre^ion a profusion of other substances, 
which represent the various stages of the breaking up of the- 
complex proteid molecule, and are often themselves the outcome 
of subfiiiBary fermentations. 

These, results ore of great interest from a scientific point of 
view. But their imporUmce at the present moment in the study 
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of certain kinds of dUease can hardly be exag^gerated. I have 
already mentioned Henle as having first found the true clue to 
aidmal histology in the structure of plants. As early as 1840 
the same observer iadicated the grounds for regarding con- 
tagious diseases as due to living oiganisms. I will state his 
argument in the wor^ of De Bary, whose “ Lectures on Bacteria," 
the lost work which we owe to his gifted hand, I can confidently 
recommend to you as a luminous but critical discussion of a vast 
mass of difficult and conflicting literature. 

It was, of course, clear that contagion must be due to the com- 
munication of infectious particles or contagia. These contagia, 
although at the time no one had seen them, Henle pointed out, 
■‘‘have the power, possessed, as far as we know, by living 
■creatures only, of growing under favourable conditions, and of 
multiplying at the expense of some other substance than their 
own, and merefore of assimilating that substance." Henle en- 
forced his view by comparison with the theory of fermentation, 
which had then been promulgated by Schwann. But for many 
years his views found no favour. Botanists, however, as in so 
many other cases, struck on the right ^th, and fpm about the 
year 1850 stearly progress, in which De Bary himself took a 
leading part, was made in showing that most of the diseases of 
plants are due to parasitic infection. The reason of this success 
Was obvious : the structure of plants makes them more accessible 
to research, and the invading parasites are larger than animal 
•contagia. On the animal side all real progress dates from about 
i860, when Pasteur, having established Schwann's theory of 
fermentation on an impregnable basis, took up Henle’s theory 
of living contagia. 

The only risk now is that we may get on too fast. To put 
ihe true theory of any one contagious disease on as firm a basis 
■as that of alcoholic fermentation is no easy matter to accomplish. 
But r believe that this is, notwithstanding a flood of facile 
■speculation and imperfect research, slowly being done. 

There are two tracts in the body which are obviously accessible 
I0 such minute organisms as Bacteria, and favourable for their 
-development. These are the alimentary canal and the blood. 
In the case of the former there is evidence that every one of us 
possesses quite a little flora of varied forms and species. They 
seem for the most part, in health, to be comparative!}/ innocuous ; 
it is believed that they are ancillary to and aid digestion. 

U » easy to see that other kinds maybe introduced, or those 
■already present may be called into abnormal activity, and 
fermentative processes may be set up of a very inconvenient 
kind These may result in mere digestive disorder, or in the pro- 
duction of some of those poisonous derivatives of proteids of 
which 1 have S|)oken, the effect of which upon the organism 
may be most disastrous. 

The access of Bacteria to the blood is a /nr more serious 
matter. They produce phenomena the obvious analogy of which 
to fermentative processes has led to the resulting diseases being 
■called zymotic. Take, for example, the disease known as 
““relapsing fever.” This is cont^ous. After a period of 
incubation, violent fever sets in, which lasts for something less 
than a week, is then followed by a period of absence, to be again 
followed in succession by one or more similar attacks, which 
-ultimately cease. Now yriu will observe that the analogy to a 
fermentative process is very close. The period of incubation is 
the necessary interval between the introduction of the germ and 
its vegetative multiplication in sufficient numbers to appreciably 
affect the total volume of the blood. The rise in temperature 
and the limited duration of the attack are equally^ as we have 
seen, characteristic of fermentative processes, while the bodily 
exhaustion which always follows fever is the obvious result of the 
dissipation by the ferment organisms of nutritive matter destined 
for the repair of tissue waste. During the presence of this fever 
there is preseni in the blood an organism, Spimhate ohtimeUrit 
so named after its discoverer. This disapj^ears when the fever 
subsides. It is found that if other individuals are inooillated 
with blood taken from patients during the fever attack, the 
disease U communicated, but that this is not the cose if. the 
inoculation is made during the period of freedom. The evideiice, 
then, seems clear that this disease is due to definite organiim* 
Tlie interesting point, however, arise.^, why does the fever recur, 
and why eventually cease? The analogy of fermentation Uadi 
to the hypothesis that, as in the case of yeast, tr.e products of Ite 
action inhibit after a time the further activity of the 
The inhibiting substance is, no doubt, eventually removed par- 
tially from the blood by its normal processes pf depuration, 
and ihe surviving indiv duals of Spir^cAerU can then cootmOO 


their activity, as in lactic fermentation. With regard to the finid 
cessation of the disease, there are facts which tnav lead one to 
suppose that in this as in other cases sufficient of the inhibiting 
substance ultimately remains in the organism to protect S 
against any further outbreak of activity on the part of the 
Spirochate. 

Here we have an example of a disease which, though having 
a well-marked zymotic character, is compvatively hannless. In 
anthrax, which is known to be due to BaciUus antAraciSf we have 
one which is, on the contrary, extremely fatal. I need not enter 
into the details. It is sufficient to say that there is reason to 
believe that the Bacillus produces, as one of those by-products of 
protoplasmic destruction to which I have already alluded, a 
most virulent poison. But the remarkable thing is that, this 
Bacillus^ which can be atUivated externally to the body, if kept 
at a heightened temperature, can be attenuated in its virulence. 
It drops, in fact, the excretion of the poison. It is then found 
that, if injected into the blood, it does no mischief, and, what is 
more extraordinary, if the Bacillus in its most lethal form is 
subsequently introduced, it too has lost its power. The explana- 
tion of the immunity in this case is entirely different from that 
which was suggested by a consideration of the facts of relapsing 
fever. The researches of Metschnikoff have led to the hypothesis 
^hat in the present case the while blood- corpuscles destroy the 
Bacillus. When they first come into contact with these in their 
virulent form, they are unable to touch them. Bat if they have 
been educated by first having presented to them the attenuated 
form, they find no difficulty in grappling with the malignant. 
This is a very remarkable view. 1 should not have put it before 
you had there not been solid reasons for regarding the idea 
of the education of protoplasm with scientific respect. The 
plasmodia of the Myxomycetes, which consist of naked proto- 
la.sm, are known to become habituated to food which they at 
rst reject, and the researches of Beyerinck on the disease known 
os “gumming" in plants have apparently shown that healthy 
cells may be taught, as it were, to produce a ferment which 
otherwise they would not excrete. 

If Metschnikoff s theory be true, wc have a rational explana- 
tion of vaccination and of preventive inoculation generally. It 
is probably, however, not the only explanation. And the theory 
of the inhibit ive action upon itself of the products of the ferment* 
organism’s own activity is still being made the basis of experi- 
ment. In fact, the most recent results point to the possibility 
of obtaining protection by injecting into the blood substances 
artificially obtained entirely independent of the organisms whose 
development they inhibit. 

It is impossible for me to touch on these important matters at 
any greater length, but I doubt if the theory of fermentation, as 
applied to the diseases of organisms, has as yet more than 
opened its first pi^e. It seems to me possible that, besides the 
rational explanation of zymotic diseases, it may throw light on 
others where, owing to abnormal conditions, the oriptniscn, 
as in the case of Bdrard’s plums, is itself the agent in lU own 
fermentative processes. 

And now I must conclude. 1 have led you, 1 am afraid, a 
too lengthy and varied a journey in the field of botanical study. 
But to sum up my argument. I believe I have shown you that 
at the bottom of every great branch of biological inquiry it has 
never been possible to neglect the study of plants ; nay, more, 
that the study of plant -life nas generally given (he key to the true 
course of investigation. 'Whether you take the problems of 
geographical distribution, the most obscure points in the theory 
of organic evolution, or the innermost secrets of vital phenomenal 
whether in health or disease, not to consider plants i$ still, In the 
words of Mr. Darwin, “ a gigantic oversignt, for these would 
simplify the problem." 

SECTION E. 

GEOGftAl>KV. 

OiftHinG Address bv Colonel Sir C. W, Wilson, R.E., 
K.C.B., K.C.M.G., D.C.L., LL.D., F.R.S., 
Director-General or the Ordnance Survey, Prrsi*^ 

DENT OF THE SECTION. 

On iw^ing the present session of the Geographical SeetiM 
of the British Association I cannot refrain from alluding to the 
last occasion, now nearly a quarter of a century agO| whfeh 
It tbet in this city. The chair was then filled by mie to advMn ti 
in common iehh others of the younger generation d ikat dnV* 
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niil.it ever owe a dee]) debt of g^titude for many kindly words of 
advice nod encouragement. Then, as now, popular interest 
centred in Africa, and Sir Roderick Murchison, on taking the 
cbair, was accompanied by a group of distinguished African 
explorers. Some amongst us may remember the enthusiastic 
greeting accorded to Livingstone, and the heart-felt sorrow 
caused by the announcement that the gallant, chivalrous officer, 
whose name will ever live in history as the discoverer of the 
sources of the Nile, had been cut ofTm the fullness of his strength 
and vigour. 

The African travellers who have honoured us with their 
presence to-day, have shown the same pluck, the same persever- 
ance, the same disregard of personal risk and comfort as their 
predecessors. One African traveller, a distinguished officer of 
the Geiman army, who hoped to have been with us, has this 
year been awarded the hignest honour which the Royal Geo- 
graphical Society can con& — its gold medal. Lieut. \Vissman, 
who possesses all Livingstone's indomitable courage, his con- 
stancy of purpose, and his kindly feeling towards the natives, 
has twice crossed Africa, in its widest extent, without firing a 
shot in anger. He returned recently to Europe, filled, like the 
great English traveller, with indignation at the atrocities per- 
petrated by the Arabs on the blacks ; and eager to find means, 
if such there be, of putting an end to, or at ]ea.st mitigating, the 
unspeakable horrors of the slave trade. He is now organizing 
an expedition which has the double object of opening up the 
territory in Eastein Africa that falls within the sphere of Ger- 
man influence, and of I tearing relief to Kmin Pasha. In both 
enterprises we may heartily wish him God speed I " 

The light thrown upon the interior of the Daik Continent is 
the most striking feature of geographical exploration during the 
last twenty-five years.; and tt is really the work of the last eleven 
years, for it was only in 1877 that Mr. Stanley, by his remarkable 
journey, gave a new continent to the world. If Sir Roderick 
Murchison were now alive he would feel more than gratified at 
results which have been so largely due to his initiative. 1 pro- 
ose, presently, to return to the interesting subject of Africa ; 
ut 1 would first draw attention to the influence which the 
natural features of the earth’s surface have had, and arc still 
having, in conjunction with other causes, on the trade routes 
and commercial relations between the West and the East, and 
more especially with India. 

The great civilizations of high antiquity appear to have risen 
and expanded in four riverain districts : Cliinesc in the basins of 
the Hoang-ho and the Vang tse-kiang ; Hindu in those of the 
Indus and the Ganges ; Chaldsean and A ssyro- baby Ionian in 
those of the Ti^is and Euphrates ; and Egyptian in that of the 
Nile. India is separated from Chinn, on the one hand, by 
Tagged, lofty mountain ranges, and the high* lying plateau of 
TiSt , and from Mesopotamia, on the other, by the Sulei- 
man Mountains and the Perso- Afghan plateau. Intercom- 
munication between these early seats of man's activity must, 
therefore, have been of slow growth. From Mesopotamia, on 
the contrary, there is easy access to the Nile basin by way of 
Syria and Palestine, and there are indications of traflic between 
these districts at a very remote period. Inquiry into the causes 
which first led to intercommunication and into the means by 
which it was effected is needlesss. Desire of gain, lust of power, 
were as much a part of human nature in the earliest ages as they 
are now. The former induced the pioneers of commerce to fee^ 
their way across trackless deserts, and to brave the hidden 
dangers of the sea ; and for nearly three hundred years it led 
gallant men to seek a way to the wealth of India through the 
ice-laden seas of the Arctic i^ion. The latter brought the 
great empires of Assyria and Egypt into hostile conflict, and 
carried Alexander to the banks of the Oxus and the Indus ; and 
it IS largely answerable for the land-hunger of European States 
in our own gfeneration. 

Nations rise, fall, and disappear, but commerce extends in 
ever-widening circles, and knows no limits. Efforts arc con- 
stamly being made to discover and open up new fields of com- 
mercial activity and to connect the g«t centres of commerce by 
ulcker and lihorter trade routes. THie earliest traffic was con- 
ucted by land : men travelled together in caravans for mutual 
protection, and rested where food and water were to be obtained ; 
at the most important of these halthig^places cities were founded. 
As trade eatenikd, it became necessaxy to 4 arry goods through 
Independent bdbes or countries wbioh often ku^led on retaming 
the vtmak trade in their own hands, and this led to the rise of 
cities at points convenient for the transfer of loads and the 


exchange of commodities of one country for those of another. 
Generally speaking this early overland trade was co-extensive 
with the ge^raphical limit of the camel. Next in order to land 
traffic came that by water, first on rivers, then on the sea ; and 
cities naturally sprang up at places on the coast where the mer- 
chandise brought down the rivers in boats could, conveniently 
and safely, be transferred to galleys or ships suitable for coasting. 
After a knowledge of the monsoons had been acquired, men 
began to trust themselves to the open sea ; the ships were im- 
proved, and a system was established under which voyages were 
made, with great regularity, at certain seasons of the year, so 
that advantage might be taken of the periodic winds. Increased 
knowledge 0? the globe, improvements in the art of shipbuilding, 
and the invention of the steam-engine, have gradually led to the 
ocean trafiic of (he present day, conducted by large steamers 
which, regardless of wind and ti^, follow the most direct course 
from one point to another. Thr trade routes of the world are 
subject to two great modifying influences, one physical, the 
other political. The inland trade of India, for instance, can 
only reach Central Asia and the West by way of Herat or 
Bamian ; caravan roads acros.s the deserts of Asia and Africa 
must follow lines of springs or wells ; climatic conditions render 
all Polar routes impracticable ; and the removal of a physical 
obstacle, by the construclion of the Suez Canal, is now causing 
a remarkable redistribution of the channels of commerce. So, 
too, disturbance of traffic I)y war, or its designed destruction by 
conquerors; and great political changes, such as the establish- 
ment of the Persian F.moire, the rise of Rome, the disruption of 
the Roman Empire, and the advent of the Arabs to power in 
Wsstern Asia, divert trade from its accustomed routes and force 
it into new channels, to the ruin of some cities and States and 
the enrichment of others. The general tendency of trade so 
diverted is to seek, where possible, a maritime route, for water 
transport is not only less costly but less liable to interruption 
than land transport. 

India, partly from its geographical position, partly from the 
character of its people, has always played a passive r<Ve in com- 
merce, and allowed the initiative in commercial entcrpri.se to 
rest with the West. The greatest advantages have always been 
derived from the possession of the trade between the East and 
the West, and from a remote period the nations of the W 0 ri 4 
have contended for this rich prize. One State after another ha* 
obtained and lost the prize ; England now holds it, but if she 
is to keep what she has obtained there must be a far closer study 
than there has hitherto been of geography and terrestrial phe- 
nomena in their relation to commerce. Trade between the 
East and the West may be divided into three periods : the 
during which the limits of Oriental commerce were the eastern 
and south-eastern shores of the Mediterranean, closed with the 
foundation of Carthage about 800 11. c. ; the seconUy or Mediter- 
ranean period, ended in the fifteenth century ; the thirds or 
Oceanic period, has lasted to the present day. In the first 
period there were two principal lines of traffic : the southern sea 
route, following the coast line, and the northern land route, 
traversing Asia in its whole extent from east to west. There 
are indications of communication between China and the West 
so early as 2698 B,c. ; and in 2353 b.c. an embass.y arrived 'in 
China from a country which is supposed to have been ChaJdaea. 
There is also an early notice of caravan traffic in the company 
of Ishmaelites, bearing spicery, and balm, and myrrh to E^pt, 
to whom Joseph was sold (Genesis xxxvii. 25-28). The earliest 
maritime people to appreciate the value of trade between the 
East and West were, apparently, those living along the south 
coast of Arabia. Happily situated between the Persian Gulf 
and the Red Sea, and separated by vast deserts from the great 
nations of Asia, the Sabseans were free from those alternations 
of industry and war which are so unfavourable to commercial 
pursuits ; for oenturiei, they possessed the commerce of India, 
and they became famous for their opulence and luxury. Sabaran 
ships visited Ceylon and the Malabar coast, and Sabiean mer- 
chants supplied Indian goods to Mesopotamia and Syria, as 
well as to Mypt and Ethjopia. The ships trading to the Per- 
sian Gulf diBcharged their cargoes near the mouth of the 
Euphrates \ whence the traffic passed partly by river, partly by 
lan^ to the coast towns of Syria and Palestine, and through the 
Syrian and CUician gates to Mazaca {Ka%sariyek\ and Pterium 
{Bi>ghazhe ^\ ; from the last place Indian goods found their way 
to Sardi* and Sinope. The ships visiting the Red Sea landed 
oods at Elath, at tne head of the gulf of Aknbah, for carriage 
y land to T3Mre and Sidon, and on the western shores of the 
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Red See for transmission to Meroe, Thebes^ and Memphis. At | 
the some time frilks fr9m China, and gems from India, were ! 
carried overland to Chaldiea and Assyria ; and Bactra {Balkk\ 
“the mother of cities," rose and flourished at the central point 
of the transit trade, l^gypt, with no timber for shipbailding^ a 
distrust of all fori^ners, especially when they came by sea, and 
a settled dislike 01 maritime pursuits amongst her people, long 
neglected the opportunities afforded by her favourable geo- 
graphical position. Tyre, Sidon, and other Phoenician town^, 
reached by easy roads from the Euphrates and the Red S«*a, 
and from their situation commanding the Mediterranean, be- 
came centres of distribution for Indian goods ; and the Phreni- 
clans, gradually extending their operations to the Red Sea, 
traded with the ports of Southern Arabia, and even ventured to 
the shores of India. It was in this first period that the Jewish 
kingdom reached its widest extent. During the long wars of 
David's reign the Jews obtained possession of the land routes 
over which the rich products of India were carried to Tyre and 
Sidon ; and Solomon did all in his power, by building Tadmor 
in the Wilderness (Palmyra), by improving the port of Elnth, 
and by carrying out other great works, to protect and facilitate 
the transit trade from which such large profits were derived. 
The Jews do not appear to have been the actual carriers, but 
many of them no doubt, following the example of their merchant- 
king, engaged in commercial pursuit*^, and wealth ]>oui'ed into 
the kingdom so that silver was made to be as $tone> in 
Jerusalem. 

In the early portion of the second pcriwl the commercml 
prosperity of the Phoenicians reached its culminating point. 
Their colonies dotted the shores of the Mediterranean, and their 
ships passed the “Pillars of Hercules" to Great Britain and 
the western shores of Africa, and floated on the waters of the 
Red* Sea, the Persian Gulf, aud the Indian Ocean. The sea- 
borne trade of the known world was in their handis ; wealth 
flowed into their cities, and in the markets of Tyre tin from 
Cornwall and amber from the Baltic were exposed for sale with 
the silks, gems, and spices of the far-distant F.as^ The decline 
of Phoenicia dates from the establishment of the Persian Empire 
in the sixth century u.C., and after the capture of Tyre by 
Alexander its commerce gradually passed into the hands of the 
Greeks. The Persian policy ot closing the Persian Gulf to 
commerce forced the Indian traflic along the land routes. 
Babylon, which had become the emporium of Eastern trade, 
declined, whilst Susa and Eebatona were enriched by the transit 
trade which passed through them and crossed the whole extent 
of the empire to the Mediterranean porta. The policy of Alex- 
ander was to secure the carrying and distribution trade of the 
world to the Greeks ; and with this object he founded Alex- 
andria, and intended, had he lived, to restore Babylon to her 
former splendour. Ptolemy, hU successor in Egypt, used every 
mean® in his power to draw trade to Alexandria, and the new 
city soon rose to opulence and splendour. The Greek mer- 
chants obtained their Indian goods from the Arab traders whom 
they met in the ports of Southern Arabia ; they landed them at 
Myos HormOs and Berenice on the western shore of the Red 
Sea, carried them by camel across the desert, and floated them 
down the Nile and by canal to Alexandria, whence they were 
distributed to the neighbouring parts of Africa and the coasts of 
the Mediterranean, This trade route remained unaltered until 
Egypt liecame a Roman province. Another stream of com- 
merce passed by way of the Persian Gulf to Seleucm on the 
Tigris, and thence, partly by water and partly by land, through 
Aleppo to Antioch and Seleucia at the mouth of the Orontes ; 
and a third followed the ancient highway from Central Asia to 
the ports of the Euxine and /Egean Seas, 

After the rUe of Rome all trade routes were directed upon the 
Imperial City, which became a centre of distribution for tne mer- 
chandise of the East. The Greeks still monopolised the sea- 
I>ome trade ; and those of Egypt recognizing the advantage of 
their geographical position, took the direct trade to India into 
their Eai^s, imd extended their voyages to Kntiicara, the port 
of the SinflB, in the Gulf of Tongking. Alexandria became the 
commercial capital of the Roman Empire, the distributing 
centre of the world for Indian and Asiatic goods, and a placed 
such wealUt that one of the merchants is naid to have been able 
to maintain on army. At the same time the old ports of Tyre» 
BeirOt, Antioch, Ephesus, Byzantium, and Trebizonde mW‘ 
tained their position as termini of the land traffic. The extent 
of the intercourse between the East and the West during the 
Roman Empire is shown by the embassy of the Seres (Cleese) 


ro Rome in the reig^n of Augustus, and by the several embassies 
1 to China, which followed that sent by Marcus Anretlus in 
166 A.D., omil the Arab Empire inlerposed ; as well as by the 
fact that in the time of Pliny the Roman imporis from Asia each 
year were valued at TOO, 000, 000 .sesterces (about jfSoo,ooo). 
Trade followed well- establish^ routes which remained in use, 
with but plight modification, till the fifteenth centu^. There 
were three principal lines of communication fhroogh Central 
Asia, all leading from China across the Desert ot (Sabi. The 
northern ran to the north of the Thien-Shan by Lake Balkash 
to the Jaxartes {Sj'r Darya ) ; the central passed along the 
southern slopes of the Thien-Shan and crossro the mountains 
by the Terek Pass to Samarcand and the Oxus {Atnu Darya ) ; 
and the southern passed over the Pamir and through Badakhsban 
to Balkh. The northern route apparently went on from the 
Jaxartes, through Khiva, to the Caspian, which it crossed, and 
then ran on to the Black Sea. Even at this eariy period trade 
filtered round the n:>rthern shores of the Caspian, and later, 
during the Middle Ages, there was a well -established trade 
route in Ihi.s direction through Khiva to Novgorod and the 
Baltic, by which the northern countries received Indian goods. 
From the Oxus region reached by the central and Muithern lines 
there were two routes to the West. One passed ihrongh Merv, 
crossed the Ca.spian, ascended the A raxes to reach Artaxates 
and Trebizonde, or to descend the Phasis (AVtf») to Poti, and 
then coasted the shores of the Black Sea to Byzantium. The 
other also passed through Merv, and, running alone the northern 
frontier of Per-ia. rc.'ichcd the shores of the Black Sea througfh 
Artaxates, or continued on through Me'^opotamia, Syria, and 
Asia Minor to Byzantium. The land trade from India passed 
through the Bamian Pass to Balkh, and through Kandahar and 
Herat to Merv or Sarrakhs to join the great stream of Central 
Asian traffic. The greater portion of the carrying trade on 
these long lines was in the hands of the people dwelling between 
the Jaxartes and the Oxus. who had their centre at Samarcand ; 
and these Sogdians, or Asi as they are called In the Chinese 
annals, fearing lest they should lose the profit on the transit 
trade, threw every obstacle in the way of direct communication 
between China and the Homan Empire. The difficalties which 
thus interrupted the land traffic gave an impetu.s to the trade by 
sea, and so benefited Alexandria and the c ties in the Persian 
Gulf. The se.a trade at this time was carried by way of the 
Persian Gulf and the Red Sea. In the first case the cargoes 
were landed at some port on the Euphrates or Tigris, whence 
the goods were carrie<l by river and caravan up the valleys of 
those rivers and then through Syria to Beirfit and Antioch, and 
through Asia Minor to Rjmesiis, Smyrna, Constantinople, and 
SamsUn. In ilie second case the merchandise was landed either 
near Suez, whence it was conveyed by caravan, canal, and river 
to Alexandria, and at a later date to Pelusium, or at the head 
of the Gulf of Akabah for transport to Syria and Palestine, The 
sea trade was to a great ext.'nt a coasting trade, and U appears 
to have been shared by the Greeks and the Arabs, and perhaps 
by the Chinese, whose junks were to be, seen at Hlra, on the 
Euphrates, in the fifth century. ' 

On the disruption of the Roman P^mpire the Byzantines, with 
their capital situated on the confines of Europe and 
naturally became the intermediaries between the East and the 
West, and they retained thfs position until the msrltwne towns of 
Italy, France, and Spain became sufficiently stroiig to engage in 
direct trade with the Mediterranean ports to which the produce 
of the East found its way. Until the seventh cenhiry the Sas- 
sanians held the lines of communication by land, aha they did 
all they could to prevent Eastern produce from being carried ovw 
any other roads than those passing through iheh* territory or by 
any other hands than theirs. In the sixth century they avowea 
an exchange of produce between tlie East and the West to takh 
place at only three points: Artaxates for goods arriving from 
Central Asia ; Nisi bis for those from Central Asia alkd by the 
Tigris route ; and CalUnicum (BaAka) for those coming by way 
of the Persian Gulf and the Euphrates. Justinian attempted to 
free Orient^) commerce from Its dependence on the Satsimians 
by opening up new trade routes. The Sogdian sUk merthants 
passed, outside of Persian territory, round the north end of the 
Caspian to meet those of Byzantium on the shores of tKe Sea of 
Azov and the Black Sea ; iKe products of India w«e bbtainedi 
from Ethiopian traders at Adufis, on the Red Sfa ; and Ottidii: 
navigators, talcing advahtage of the monsooniL lolled from 
the southern end of the Red Sea to th« ^hthnur hohtt 
Ceylon* 
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centuriet the Arabs cyvermn the whole 
of Ceht^ Aalaf and llie carrying trade by sea and by land parsed 
Jtito theif hfthds. Profound modi flcat ions were thus introduced 
into the cottunercial intercourse between the East and the "West, 
AH land trtfHc from the East was directed upon Baghdad, which 
became the distributing centre whence goods were t^pntched by 
ancient trade routes to the West, and which almost rose to 
(w ipleiKkmr of Babylon. On the sea the Arabs regained their 
old reputation ; they sailed direct from the Red Sen to Cape 
Comorin, and fiwn Ceylon to the Malay Peninsula, and extended 
their voyages to Konpu, on a delta arm of the Yang-tse^Kiang ; 
they establiahed factories in the Indian Ocean, and, in the eighth 
century, were bo numerous in Canton as to he able to attack and 
pillage that city. Their only rivals were the Chinese, whose 
junks visited the Euphrates and Aden, and brought silks and 
spices to the Malabar coast to be there exchanged for the raw 
material and manufactures of the West. 

The Eastern produce brought by the Arabs to the ports of the 
Me(^teiTanfean was conveyed to Europe by the merchants of 
Venice, Genoa, Pisa, and other towns, who also traded to Con- 
stantinople and the Black Sea. V enlce from its geographical 
Msition was well adapted to be the intermediary between the 
East and Central Europe, and even before the rise of Islam a 
large share of the carrying trade of the Mediterranean had fallen 
into its hands through the apathy and luxurious indolence of the 
Byzantines. It is unnecessary to trace the rise of Venice or dis- 
cuss the impetus given by the Cnnades to commercial intercourse 
between the East and Western Europe ; it will be sufficient to 
note that in the first quarter of the fifteenth century the carrying 
trade of the Mediterranean was wholly in the hands of the Vene- 
tians, and Venice had become the distributing centre for all 
Europe. Venetian fleets, well guarded by war galleys, sailed at 
stated times for Constantinople and the Black Sea ; for Syria and 
fc^gypt » for France ; for Spain and Portugal, and for Holland. 
From the ports in those countries, as well as from Venice herself, 
the products of the East were carried inland over wcihdcfined 
trade routes, and cities such as Pavia,* Nvimbei^, and Bruges, 
the emporium of the Hanseatic League, rose to importance as 
enlrefiots of Eas'em commerce. 

The victorious advance of the Turks, the fall of Constantinople, 
the piracy in the Mediterranean, and the termination of all inter- 
course with China on the decline of the Mongol dynasty in the 
fourteenth century, combined with other circumstances to turn 
men*8 minds towards the discoveiy of a more convenient way to 
the East. India was the dream of the fifteenth -century merchant, 
and how to reach it by a direct sea voyage was the problem of 
the day. The problem was solved when Vasco dc Gama reached 
the shores of India on May so, 1498 ; and its solution was due 
to the wise policy of a great grandson of Edward IIT., Prince 
Henry of rortugn), “the Navigator,” who unfortunately died 
before auoceaa was attained. The discovery of the Cape route 
was no mere accidefut, but the result of soieniifrc training, deep 
study, careful pi'eparation, and indomitable perseverance, l^rincc 
Henry having dettr mined to find a direct sea route to India, in- 
vited the moK eminent men of science to instruct a number of 
young men who were educated under his own eye, and in a few 

g tnrs he tnode the Portuguese the most scientific navigators in 
urope. The vucceasfut voyage of Vasco deOama soon produced 
tmparrtnt results ; the saving in freight by the direct sea route 
was enormous, and when it became generally known that the pro* 
ducts of the East could be obtained much cmaper in Lisbon tffan 
anywhere rise, that city became the resort of traders from every 
part of Europe, From Lisbon, Indian comtnoditieswere carried < 
to Aiitwe^, which soon became the emporium of Northern i 
Eurom. By these changes the trade of Venice was almost 1 
annihilated,^ and Lisbon tactame the richest commercial dty in 
Europe. The Veneilans had endeavoured to confine commerce 
within its existing Batiiuh and to keep to the trade routes then in 
use. They had ifiewr made any attempt to enlarge the sphere of 
nautical and cotnmeroiat enterprise, and the consequence was 
that Ihcir ablest seamen, imbued with the spirit of adventure, 
took service in the WcMem States. When the Cape route was 
dkicovered, tostead of atiemptliw to eetura a share in the direct 
sea th« enwred into an alHanee whh the Sultan of Egypt 
to emtik the Poitamscse, and built a fleet fiw lum at Suer which 
was deteed by Arnteida In 1508. AAer this defeat the trade of 
Venice sOQti passed away. 

Sca the disecpvery of the Cape rimte there has been one long 
for ^ possession of the commerce of India ; who should 
be i dawfesi and distributors of Indian comm^Hies was Tor 


more than two and a half centuries a much contested point 
amongst the raarithne nations of the West. At first there seems 
to have been a genera] acquiescence in the claim of the Spaniards 
and Portuguese to a monopoly of the southern sea-foute^, and 
this led to those heroic efforts to find a .norlh*east or north-west 
passage to India which have so greatly added tobur geograj^hical 
knowledge. Failure in this direction was followed by attempts 
to reach India by the Cape in the face of the hostile attitude of 
Spain and Portugal. 'ITic mighty events which in turn trans- 
ferred wealth and commerce from Lisbon to Antwerp, Amster- 
dam, and the banks of the Thames are matter of history, and it 
is scarcely necessary to say that at the close of the Ni^ioleonic 
wars En^and remained undispnted mistress of the sea, and had 
become not only the carrier of all ocean -borne traffic, but the 
distributing centre of Indian goods to the whole world. A 
period of keen competition for a share in the commerce of India 
has again commenctkl amongst the States of Europe, and symp- 
toms of a coming change in the carryhiff and distributing trade 
have been increasingly apparent since Africa wa* separated from 
Asia, nearly twenty years ago, by the genius of M. He Lesseps. 

The opening of the Suez Canal, by diverting trade from the 
Cape route to the Mediterranean, has produced and is ‘«itni pro- 
ducing changes in the intercourse between the East and the West 
which affect this country more nearly, perhaps, than any other 
European State. The cnanges have been in three directions. 

First. An increasing j-noponion of the raw material and 
products of the Ea'-t is carried direct to Mediterranean ports, 
by ships passing through the Canal, instead of coming, as they oneje 
did, to England for distribution. Thus Odessa, Trieste, Venice, 
and Marseifles are becoming centres of distribution for Southern 
and Central Europe, as Antwerp and Hamburg arc for the 
North ; and our merchant.s are thus losing the profits they 
derived from transmitting and forwarding Eastern goods to 
Europe. It is true that the carrying trade U still, to a very great 
extent, in English hands ; but should this country be involved in 
a European war, the carrying trade, unless we can efficiently 
protect it, will pass to otheis, and it will not readily return. 
Continental manufacturers have always been heavily handi- 
capped by the position England has held since the com- 
mencement of the century, and the distributing trade would 
doubtless have passed from us in procc-ss of time. The ojjcning 
of the Canal has accelerated the change, to the detriment ol 
English manufactures, and consequently of the national wealth ; 
and it must tend to make England less and less each year the 
emporium of the world. We are experiencing the results of a 
natural law that a redistriliution of the centres of trade must 
follow a rearrangement of the channels of commerce. 

Second. Tile diversion of traffic from the Cape rou’e has led 
to the construction of steamers for sjJecial trade to India and the 
East through the Canal. On this line coaling-htations are 
frequent, and the sens, excepting in the Bay of Biscay, are more 
tran^^uil than on most long voyages. The result is that 
an inferior type of vessel, both as rcgaids coal-stowage, 
speedy endurance, and seaworthiness, has been built. These 
“ Canal wallahs,” as they are oomeiimee called, are quite unfitted 
for the voyage round the Cape, and should the Canal be blocked 
by war or accident they would be practically useless in cartying 
on our Eastern trade. Since the Canal has deepened they nave 
improved, for it has been found cheaper to have mpre coal- 
stowage, but they are still far from being available for the long 
voyage round the Cape. Had the Canal not been made, a large 
number of fine steamers would gradually have been built for the 
Cape route, and though the sailing-ships which formerly carried 
Che India and China trade would have held their own longer, 
we should by this time have had more of the doss of steamer 
that Would be invaluable to us in war time, and our trade would 
not have been liable, as it is now, to paralysis by the closing of 
theCanoU 

Third. Sir William Hunter has pointetl out that, since the open- 
ing of the Canal, India has entered the market as a competitor 
with the British workman ; and that Che development of that 
port of the Empire as a manitfacturing and food-exj^rting 
country will involve changes in English production which must 
for f time be attended by suffering and loss. Indian trade has 
advanced by rapid strides, the exports of merchandise have 
risen from an average of 57 millions for the five years preceding 
1874 to 88 mlltfons in 18^, and there has been an immense 
expansion in the export of bulky commodities. Wheat, which 
occupied an insignificant place in Che list of exports, is now a 
great staple of Indian commerce, and the export has risen since 


NATURE 


[5i^. fj, tm 


1873 from jJ to 21 million hiindf6dwei|ghts. It U almost im- 
possible to estimate the ultimate dimensions of the wheat trade* 
and it is only the forerunner of other trades in which India 
is destined to compete keenly with the English and European 
producers* 

The p^ition in which England baa been placed by the opening 
of the Canal is in some respects similar to that of Venice after 
the discovery of thfe CaM route ; but there is a wide difiference 
in the spirit with which the change in the commercial routes was 
ampted. Venice made no attempt to use the Cape routCp and 
did all she could to prevent others from taking advantage of it ; 
England* though by a natural instinct she opposed the construc- 
tion of the Canal* was one of the first to take advantage of it 
when opened* and so far as the carrying trade U concerned she 
has hitherto successfully competed with other countries. 

It is only natural to ask what the result of the opening of the 
Panama Canal will be. To this it may be replied that the Canal* 
when completcfl as a maritime canal* without locks* will promote 
commercial intercourse between the eastern and western coasts 
of America ; will benefit merchants by diminishing distances, 
and reducing insurance charges ; and possibly divert the course 
of some of the trade between the East and West ; but it will 
produce no such changes as those which have followed the 
construction of the Suez Canal. 

The increasing practice of the present day is for each maritime 
country to import and carry the I ndian and other commodities 
it requires* and we must be prepared for a time when England 
will no longer be the emporium ot Eastern commerce for Europe* 
or assess so large a proportion as she now does of the carrying 
trade. So great, however, is the genius of the English people 
for commercial enterprise, and so imbued are they with the 
spirit of adventure* that we may reasonably hope loss of trade 
in one direction will be compensated by the discovery of new 
fields of commercial activity* The problem of sea-carriage has 
virtually been solved by the construction of the large ocean 
steamers which run direct from port to port without regard to 
winds or currents ; and the only likely improvement m this 
direction is an increase of speed which may possibly rise to as 
much as thirty knots an hour. The tendency at present is to 
shorten sea*routes by maritime canals ; to construct canals for 
bringing ocean-going ships to inland centres of industry ; and to 
utilize water carriage, wherever it may be practicable, in pre- 
ference to carriage by land. For a correct determination of the 
lines which these shortened trade routes and great maritime 
canals should follow, a sound knowledge of geography and of 
the physical condition of the earth is necessary ; and instruction 
in this direction should form an important feature in any educa- 
tional course of commercial geography. The great problem of 
the future is the inland carrying trade, and one of the immediate 
commercial imestions of the day is, Who is to supply the 
interiors of the great continents of Asia and Africa, and other 
large areas not open to direct sea traffic? Whether future 
generations will see 

“ The hcRveni fill with commerce* argosies of magic sails, 

Pilots of the purple twilight, dropping dowa cosily bales," 

or some form of electric carriage on land, may be matter for 
speculation ; but it is not altogether impossible to foresee the 
lines which inland trade must follow, and the places which must 
become centres of the distributing trade, or to map out the 
districts which must, under ordinary conditions, be dependent 
upon such^ centres for their supply of imported commodities. 
The question of supplying European goods to one portion of 
Central Asia has been partially solved by the remarkable voyi^e 
of Mr. Wiggins last year, and by the formation of the company 
of the “Phoenix Merchant Adventurers.” Mr, Wiggins started 
from Newcastle-on-Tyne for Yeniseisk, the first large town on 
the Yenisei, some 2000 miles from the mouth of that river, and 
within a few hundred versts of the Chinese frontier. On the 9th 
of October* 1887, he cast anchor and landed his cajgo in the heart 
of Siberia. The exploit is one of which any man might well be 
proud* but in Mr. Wiggins’s case there is the additional merit 
that success was the result of conviction arrived at by a strict 
method of induction* that the Gulf Stream passed through the 
Straits into the Kara Sea, and that its action, combined with 
that of the immense volume of water brought down by the Obi 
and Yenisei, would free the sea firom ice and render it navigable 
for a portion of each year. The attempts of England to open 
np commercial relations with the interior of Africa have ttfp 
often been marked by want, if not open contempt* of gob- 


grai^ical knowledge, and by a great deficiency of foresight t 
but the competition with Germany is forcing this country to pay 
increased attention to African commerce, and the formation of 
such companies as the British East Africab Company^ the 
African lakes Company, and the Koyal Niger Company is a 
happy omen for the future. 

Another branch of the subject to which attention may be 
briefly directed is the fact that it is becoming increasingly evident 
that manufactures cannot profitably be carried on at a distance 
from the source of the raw material and the destination of the 
products. In India, for instance, where the first mill for the 
manufacture of cotton yarn and cloth was set up in 1854, there 
are now over 100 cotton and jute mills with 22,000 looms 
and 2,000,000 spindles; and similar changes are taking place 
elsewhere. 


1 am afraid that 1 have frequently travelled beyond the sphere 
of geography. My object has been to draw attention to the 
supreme importance to this country of the science of commercial 
geography. That science is not confined to a knowledge of the 
localities in which those products of the earth which have a 
commercial value are to be found, and of the markets in which 


they can be sold with the greatest profit. Its higher aims ate 
to divine, by a combination of historical retrospect and scientific 
foresight, the channels through which commerce will flow in the 
future, and the }>oints at which new centres of trade most arise 
in obedience to known laws. A precise knowledge of the form* 
size* and geological structure of the globe ; of its physical 
features ; of the topographical distribution of its mineral and 
vegetable products* and of the varied forms of animal life, 
induding man, that it sustains ; of the influence of geographical 
environment on man and the lower animals ; and oAhe climatic 
conditions of the various regions of the earth, is absolutely 
essential to a successful solution of the many problems before 
u$. If England is to maintain her commanding position in the 
world of commerce* she must approach these problems in the 
spirit of Prince Henry the Navigator, and by high scientific 
training fit her sons to play their part like men in the coming 
straggle for commercial supremacy. The struggle will be keen* 
and victory will rest with those who have most fully realized the 
truth of the maxim that “Knowledge is power.” 

I may add that if there is one point clearer than another in the 
history of commerce it is this : that when a State cannot 
effectually protect its carrying trade in time of war, that trade 
passes from it and does not return. If England is ever found 
wanting in the power to defend her carrying trade, her fate will 
only too surely, and I mmht almost say justly, be that of Venice, 
Spain, Portugal, and Holland. 


I will now ask you to turn your attention for a few moments to 
another subject— Africa. In 1864, Sir Roilerick Murchison alluded 


to the great continent in the following terms ; “Looking at the 
most recent maps of Africa, see what enormous /acu^navt to 


be filled in, and what vast portions of it the foot of the white 
mau has never trodden.” It was then impossible to give a 
general sketch even of the geography of Equatorial Africa* 
Tanganyika and Nyassa had been discovered* and Speke and 
Grant had touched at a few points on the southern, western^ and 
northern shores of the Victoria Nyanra ; but w« were still in 
ignorance of the drainage and form of the immense tract of 
country between the Tanganyika Lake and the Zambesi ; and 
the heart of Africa, through which the mighty Congo rolls, was 
as much unknown to us as the centre of America was to our 


ancestors in the middle of the sixteenth century. There are now 
few school-boys who could not give a fairly accurate sketch of 
the geography of Central Africa ; and a comparison of the maps 
published resiiectively in 1864 and 1888 will show how rapidly 
the lacuna of which Sir Roderick complained are being filled in. 
There is still much to be done, and it is precisely in one of the 
few Wank spots left on our maps that the man who may wtU be 
called the Columbus of Africa has so mysteriously disappeared. 
The discovery of the course of the Cosmo by .Stanly has been 
follou'ed by results not unlike those which attended the discovery 
of America by Columbus. In the latter part 6f the rtineteenlh 
century Africa has become to Europe what America was in -.thfe 
sixteenth century. Events march more rapidly now tWm they 
did then, and the efforts of the martlime nations of Europd to 
secure themselves some portion of African territory and liosae 
channel through which they can pour their products into 
tj^ Africa are rapidly changing the condition of the t>Mk 
Continem. 


The roads over which the land trade of ^uUtorUl Afidca 
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passes from the coast to the interior are mere footpaths, described 
by ProC DmoimoOd, in his charming book Tropica! 
A&ioot*' as being ** never over a foot in breadth, beaten as nard 
as adamant, and rutted beneath the level of the forest bed by 
ceAtaties of native trafhc. As a rule these footpaths are 
marvellously direct. Like the roads of the old Romans, they 
run straight on through everything, ridge and mountain and 
valley, never shying at obstacles, nor anywhere turning aside to 
braathe. Yet with this general straightforwardness there is a 
sin^lar eccentricity and indirectness in detail. Although the 
A^can footpath is on the whole a bee-line, no fifty yards of it 
are ever straight. And the reason is not far to seek. If a stone 
is encountered, no native will ever think of removing it. Why 
should he ? It is easier to walk round it. The next man who 
comes that way will do the same. . . . Whatever the cause, it 
is certain that for persistent straightforwardness in the general, 
and utter vacillation and irresolution in the particular, the 
African roads are unique in engineering.” No country in the 
world is better supplied with paths ; every village is connected 
with some other village, every tribe with the next tribe, and it is 
possible for a traveller to cross Africa without once being off a 
l>eatea track. The existence nearly everywhere of a wide coast 
plain with a deadly climate, and the difficulties attending land 
transport in a country where the usual beasts of burden, such as 
the camel, the ox, the horse, and the mule, cannot be utilized, 
will probably for many years retard the development of the land 
trade. On the other hand, the Congo with its wide reaching 
arms, the Niger, the Nile, the Zambesi, the Shire, and the great 
lakes Nyassa, Tanganika, and the Victoria and Albert Nyanzas 
offer great facility lor water transport, and afford easy access to 
the interior without traversing the pestilential plains. Already 
Steamers ply on most of the great waterways — each year sees 
some improvement in this respect ; and a road is in course of 
construction from Lake Nyassa to Tanganyika which will tend, 
if Arab raiders can be checked, to divert inland traffic from 
Zanzibar to Quilimane, and will become an important link in 
what must be one of the great trade routes in the future. It is 
jiossible, I believe, with our present knowledge of Africa, and by 
A careful study of its geographical features, to foresee the lines 
along which trade routes will develop themselves, and the points 
at which centres of trade will arise ; but I have already detained 
you too long, and will only venture to indicate Saw^kin, 
Mombasa, Quilimane, or some point near the mouth of the 
Zambesi, and Delagoa Bay, as places on the east coast of Africa 
which^ from their geographical position, must eventually become 
of RTcat importance as outlets for the tr^ of the interior. 

The future of Africa presents many difficult problems, some of 
which will no doubt be brought to your notice during the 
discusaion which, I trust, will follow the reading of the African 
papers ; and there is one especially — the best means of putting 
an end to slave hunting and the slave-trade — which is now 
happily attracting considerable attention. It Is surely not too 
much to hope that the nations which have been so eager to annex 
African soil will remember the trite saying that Property has 
its duties as well as its rights,” and that one of the most 
pressingly important of the duties imposed upon them by their 
action U to control the fiends in human form who, of set purpose, 
have laid waste some of the fairest regions of the earth, and 
imposed a reign of terror throughout Equatorial Africa, 


NOTES. 

We regret to announce that Dr, Peter Griess died very 
suddenly at Bournemouth cm Thursday lost week, apparently 
from an attack of apoplexy. A very skilful manipulator, en- 
thusiastically devoted to his science, a patient and unwearying 
worker, his death will deprive chemical science of one of its 
br^htest ornaments. He will be chiefly remembered for his 
diswyery of the diazo-compouods, one of the most remarkable 
desses of substances known to chemistry. 

A TEtSQRAM from the city of Mexico states that on the night 
of the flth instant there occurred the heaviest shocks of 
earthquake ever leoorded in the dty. The hbnses^swayed, the 
walls oiaeked^ and people mdied 'into tl^ streets to pray. 
There fiw a few moments much apprehension. The 
phoioasdiion wes preceded by hi^ s^inds and dushstorms. 


A FRIGHTFUL cyclone, involving great destruction of pro- 
perty and loss of life, took place at Havannah on the 4th instant. 
It is stated to have been the most severe experienced in the 
West Indies for many years past. 

The inaugural address of St. Thomas’s' Hospital will be 
delivered in the theatre on Monday, (October j, at 3 p.m., by 
Dr. CulUngworth. 

The sixth course of twelve lectures and demonstrations for 
the instmetion of sanitary inspectors will be delivered at the 
Parkes Museum on Tuesdays and Fridays at 8 p.m,, com- 
mencing with the 25th instant. The lectures will deal with 
sanitary subjects generally, and will be delivered by the leading 
men in the various branches— Sir Douglas Galton, Profs. 
Corfield and Henry Robinson, Drs. Poore, Louis Parkes, and 
Charles Kelly, Messrs. Wynter Blyth, Boulnois, Cossal, and 
Sykes. A nominal fee of five shillings will be charged, and 
students attending the course will be granted free admission to 
the Parkes Museum and Library during September, October, 
and November. The last course was attended by over ninety 
students, and it is proposed to repeat it twice each year to suit 
the requirements of persons preparing for the examinations of the 
Sanitary Institute, as well as of others desirous of obtaining a 
practical knowledge of sanitary requirements and regulations. 

The September issue of the Kew Bulletin continues the notes 
on colonial fruit, including a long and most interesting report 
on the fruits of the Island of Dominica. There is also a report 
from the British Political Officer at Bahmo on the india-rubber 
trade of the Mogaung district of Upper Burma. The rubber 
forests, though worked by Chinese, are owned by the Kachins, 
a tribe inhabiting the borderland between Burma and China. 

m 

Wk have received Parts 2 and 3 of the second volume of the 
Journal of the College of Science of the Imperial University of 
Japan. The former opens with a paper by Dr. Koto ** On the 
so-called Crystalline Schists of Chichibu,” a district lying north- 
west of Tokio, and, geologically speaking , a region complete in 
itself, and, according lo Dr. Koto, typical of the geological 
formation of the rest of Japan. The essay, which is accom- 
panied by five plates, occupies the greater part of the number. 
Prof. Okubo gives a brief account 'of the botany of Sulphur 
Island, a volcanic and uninhabited island off the Japanese coast. 
Dr. Ijima and Mr. Murata describe some new cases of the occur- 
rence of Bothriocephalus liguloides, Lt. No. 3 is filled with the 
account of a magnetic survey of all Japan, carried out by order 
of the President of the Imperial University, the authors being 
Profs. Knott and Tanakadate. The paper, which is an elaborate 
one, is divided into five sections : (i) historical retrospect, and 
general description of the aim and methods of the survey ; (2) 
particular account of the equipment and ^odes of operation of 
the northern party ; (3) the same details for the southern party ; 

(4) final reduction of the observations, and general conclusions ; 

(5) comparison of results with those of previous observers. In 
an appendix, Prof. Knott gives an exceedingly interesting 
sketch of Ino Tadayoshi, a Japanese surveyor and cartographer 
of the latter half of the last century. 

The current number of the Westminster Review contain^ an 
article by Mr. Gundry, entitled ‘‘China ; A New Departure,” the 
“ departure ” in question being the introduction of mathematics 
into the ourricukm of subjects in the competitive examinations 
upon which the whole system of Chinese administration is based. 
Various methods have been proposed from time to time to 
bring ChreeM students into touch with Western learning. Prince 
Kung, who was Prime Minister in 1866, suggested the erection 
of a special department presided over by foreign professors for 
the study of "mathematics,” that term being obviously meant 
to include all brandies of physical science. This was done, but 
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public opinion wus not ripe for tile chitage, and the rewlt wai j 
failure. Id 1875 U ww propoapd. not 10 instruct Chinese in 
Weatjern learning, but to teach foreigners the ancient lore of 
China, and thus enable them to qualify for office. This plan was 
not tried. Then students were sent abroad to be educated, 
but they ' bMaaa«f demoralised, and returned totally out of 
sympathy wHhthir‘ national traditions. Last year the Censors, 
who till then were the opponent*^ of all innovation, advocated 
alterations in the educational system, and the Cabinet, presided 
over by Prince Chun, the father of the reigning Emperor, there- 
upon reported in favour of introducing mathematics into the 
competitive examinations. For the first time, then, provision 
has been made for spreading through the empire a knowledge of 
Western science, aod there can be no doubt that the ultimate 
result must be a complete revolution in Chinese thought. The 
influence of a remote past will be diminished, the necessity for 
change recognised, and intimacy with “barbarian " learning will 
do away with the present prejudices against the “barbarians’* 
themselves. But these advantages must not be over-estimated. 
Though the necessity for studying foreign science is admitted, 
widespread and intense prejudice Has to be conquered, and a 
new generation will probably have arlseri before the full effect of 
the innovation is felt. 

In the last number of the JSssex Naturalist (vol. ii., Nos. 7 
and 8, p. 113), Prof. Mcldola announces that he has at length 
detected the scent emitted by the male moth Hermmia tardpen- 
ualis. It ha.s long been known that this insect possessed fan- 
like structures on the front legs, and it had been surmised that 
these were secondary sexual characters. The detection of the 
scent now places the function of these organs beyond doubt, 
and It is of interest to odd that the odour has been recognised as 
similar to that of artificial essence of jargonelle pear — that is, to 
amyl acetate. Some of the males of South American butterflies?, 
which are provided with elaborate scent organs, according to 
Fritz Muller, give off a distinct odour of vanilla. 

The Od^TKitung reports the finding in the Lossow district, 
near Frankfort-on -the- Oder, of about thirty clay vessels of 
various sizes and patterns, some urns, some pots, deep saucers, 
flasks, &c. They were fille<l with the ashes of burnt corpses 
mixed with sand, 'J'he colour was a brownish-yellow ; some 
were broken, and the fractures showed that coal ashes had been 
mixed with the clay of which they were made. Some bronze 
needles were found with them, being finished at the top in n 
iwmlcircular lihape. The vessels seemed to have been formed 
on a lathe, tolerably smooth, regular in .shape, and only slightly 
baked. The largest were about 30 centimetres in diameter at 
the widest part, and 26 centimetres high. The ornaments were 
either triangles or semicircles, scratched on the surface with 
points impressed on the surface. Po.ssibly the site where they 
were found was a refuge and a place of sacrifice in old German 
times. 

WB have received the Calendar of the University College, 
Dundee, for the forthcoming session, together with reports on 
the work of the past year. The progress seems to liavc been of 
the usual satisfactory character. A departOKnt of dyeing and 
bleaching has l^en added since the last session. 

An interesting article has been publisbctl in the Cdognc 
Gazette from the pen of Herr Gerhard Rohlfs, the African 
explorer, in which the German plans for rescuing Emia Pasha 
arc subjected to an exhaustive criticism. Herr Kohlfs is of 
opinion that the proposed expedition may attain its ends if the 
preliminary preparation* are properly and not too slowly con- 
ducted, and if the > necessary sum of money is subscribed ; all 
that Emin Pasha can want being guns, small cannon^ and 
ammunition. The advance of the expedition must take phu^ 
slowly aod methodically, aod depots, commanded by Gemytos, 


« 

.should be established on the road at iiUemls from imtfther* 
represented by finem sk to eight days’ tnanffi. From Biigaino^fo 
to MiUansige a distance of 1500 kilometm hss Co he ewertd 
without leaidp^ German territory. From Hdtaesige to Wodelal 
the distance is 400 kilometres. The expeditlonarjr force imed 
not include more than xoo Germans, but, as it mmt be sent 
out at once if it is to do any good, Stale aid beeemee absoiatefy 
necessary. A cooeklarable sum is required. Herr RoMfo ecti- 
mates that the expedition conducted by Stanley to ijie relief of 
Livingstone cost 0,000,000 marks, and the process of obtain- 
ing the sum needed by subscription is iar too slow. As this 
expedition, adds Herr KohlfH in conclusion, is likely to assist in 
consolidating German colonial enterprwe in Africa, no sacriflee 
should be spared for carrying it into execution. 

Wr. have received from the Deutsche ^warte at Hamburg 
rol. ix. of Mttearolajj'isc/te Beotfoc^tungru *« Deuisekiamit con- 
taining the observations, for 1 886, made at twenty- five stations 
of the second order, in accordance with the proposal of the 
Meteorological Congress at Vienna, 1873, that each country should 
publish the individual observations for a certain number of 
place*. We observe, however, from the preface that in future the 
Central Office at Berlin will undertake the publication of some of 
these observations. The volume also contains hourly obtierva- 
tions for four stations, and a summary of the storms experiepce<l 
on the German coasts. These useful slatiaUcs of storms have 
been regularly published since 1878. 

Tub Meteorological Section of the Report of the Governor of 
St. Helena on the state of the colony for the past year is 
interesting, if brief : — “ Tlie year under review was dry ; the 
rainfall at I.ongwood, where Napoleon lived, was 28*74 inches. 
No lightning has occurred since 187S, attd storms are uoknowo,” 

We have received the Report and Proceedings of the Bristol 
Naturalists’ Society for the past year. The members number 
224, which seems satisfactory all things considered, yet the 
Council are far from content. They urge that more cordial 
recognition and extended support might be expected in a city 
like Bristol, at a time when science holds so commanding a 
position for a Society which aims at promoting original 
scientific research, and at the same time presenting its results in 
a form intelligible to the general public, and accordiz^ly members 
arc urged to make the benefits of the Society as widely known 
as possible, while a conversazione is to be held next month with a 
view to directing public attention afresh to its objects and claims. 
Sic itnr ad astra: it is thus that a strong and successful Natural 
History Society is founded. The contents of the Proceedings 
are attractive and varied, chief amongst them being a geo- 
logical reverie” on the Mendips, by Prof. Lloyd Morgan. An 
Engineering Section was last year added to the Society, and its 
papers are also published. Looking to this number of the 
Proceedings it appears to us that the Council have much reason 
to be proud of the Society, although perhaps it would not be 
quite prudent to say this in the Annual Report, when more members 
are required, and the balance with the treasurer has fallen very 
low. We cannot believe that so excellent a Society, which does^ 
much' good work with such small funds, can lack abundant 
support jo a district such as Bristol aod its vicinity. 

From the Parliamentary paper whicli has just been issued 
on the British Museum, it appears that iHe total number of 
persons admitted to view the c^lections has undergone a very 
great diminution within the past few yean, la the year 
there were 767,402 visitors to the general collectiona, a« against 
501,256 in 1S87. This diminution is more than accounted for by 
the transfer 0/ the natural history oollectfotta to South Kedifog- 
ton, for we find that in the latter yem' tharc vsere 3581178 vititors 
to the Cromwell Road collectioax, being an focreue ^ 
over the number admitted in iB&s. U|» 
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of Vbltovk to |»vrticalftr departtntfntB for the purpose of study or 
reflesrclt jH Mm iacresued from 146,891 in 1882 to 182 778 in 
I&87 to thiA rmding-room^ from 1452 in 1885 (when the room 
iiri^ e90tied)to it ,803 in 1887 to the aiewspaper-rooia, and from 
fhun 3709 in 1S82 to 14,258 in 18S7 to the various departments 
in the new building in Cromwell Road. The students who 
Ar«4ae&t the reading-room wilt agree with the principal 
libtmrian*s remarks as to the inadequacy of the accommodation 
of that room, and will hope that his recommendation to provide 
a separate room for ** the throng of readers for general in- 
formation ” may be speedily carried out. Amongst the more 
important donations to the Museum during the past year were 
the’ fotllo wing 1 atone implements from Japan and Greenland, 
ancient Petwian pottery and masks, presented by the trustees of 
the late Mr. Christy ; a collection of Andamanese objects from 
the Colonial Exhibition, by M. V. Portman ; a valuable collection 
of etbnolo^cal objects from the Nicobar Islands, by K. H. Man ; 
a remarkable collection of objects of the Late Celtic period, 
found in gnvei at Ayiesford ; a Imge collection of stone imple- 
ments from Japan, presented by 5 >ir Alexander Cunningham. 
The arrangement of many of the sections in the ethnogtaphical 
gallery has been altered in the past year. Thus several sections 
of Asiatic isla»ds have been revised to make room for the 
tw'O large series from the Andaman and Nicobar Islmids. 
Amongst the Oriental and ethnographical acquisitions during 
the year were the following : a collection of Indian antiquities, 
consisting of relic caskets of various kinds with various Buddhist 
sculptures, &c., presented by General Sir Alexander Cunning- 
ham ; a number of anLi()iiities from Siam and Burma, presented 
by E. M. Satow ; seventy- six specimens of Chinese porcelain with 
armorial devices, presented by the Rev. F. Warre ; a minnber of 
ethnographical specimens collected in the Pacific Islands by 
H. J. Veitch ; and an extensive collection of sjrecimens from 
New Guinea, including models of houses, boats, &c., collected 
by K, K. Romilly, and presented by the Queensland Com- 
missioners of tbe Colonial and Indian Exhibition. 

With irgard to the natural history coUectioDs great progresi^ 
haa been inade in the atrangeunent and description. Two cases 
have been placed on the door of tbe Great Hall, Uiusuaung 
general laws in natural history. The specimens in one case have 
been presented by Mr, Henry Seebohm, and show that what are 
regarded as two distinct species of crows (the Corvus corm'x and 
the Carvus corona) may unite and produce offspring. The 
Kecond case illustrates the effect of domestication on pigeons. The 
great collection of birds, which was formed chiefly by the late 
Marquess of Tweeddalc, has been given to the Museum under cer- 
tain conditions by Mr, R. G. Wardlaw- Ramsay, together with 
his large ornithological library. Thecollmion comprises newrly 

40.000 bird-skins, and is particuhtrly valuable to the Museum, as 
it is very rich in birds of the Philippine Islands, Andaman 
Islands, 3 k. f in which the Museum was very deficient. A col- 
lection of butterflies, anthropological objects, akins of birds and 
mammals, sent from Wadelai by Emin Paaha, haa reached the 
Museum. The Commissionem present at the Indian and Colonial 
Exhibition gave some fine epeoilneas of the flora of Australia and 
New Zealand. The zoology department is now overcrowded, 

270.000 speciBsens having been added in the space of four 
years, 

Tk» King of Italy, acting on the recotumendatioa of the 
Minister of Public Instruction, has issued a decree regulating the 
manner in which Italy proposes to celebrate the fourth centennial 
of the discovery of America by Columbus. This will consist 
mainly in the publication of the collected works of the great 
navigator, and of all the documents and charts which will throw 
any light upon his life and voyages. This will be accompanied 
by a biography of the works published in Italy , upon Columbus 
ati 4 tiie discovery of America from the earliest period down to 


the present time. The head of the Royal Commission charged 
with the preparation of this edition is Cesare Correnti, President 
of the Italian Historical Institute ; and among its members are 
Signors Amari, Cantu, and Dcsimoni, and the Marquis I>QTia. 
An appropriation of i2,ocx:> lire has been made to cover the 
expenses of this work, which is now fairly undertaken (or the 
first time. Various editors have published portions of the 
writings of Columbus, as Navarrete the * account of his voyages, 
and Major his letters ; but no one has yet collected all his 
writings into a single edition, though an index to them was 
published in 1864. 

The British Consul at Clucago in a recent report refers to 
an interesting experiment in some of the Western States in 
afforestation. He says that in the vast prairies of the western half 
of D.'ikota, Nebraska, and Kansas, the eastern part of Colorado, 
and in the plains of Dakota and Wyoming, there is an almost 
total absence of trees, and hence the moisture is very deficient. In 
the forest regions and amongst the mountains, lumber and firewood 
have rapidly decreased from the reckless way in which old and 
young trees have been cut. This waste has been restrained by 
various Acts, principally by the Timber Culture Law, which 
regulates the disposal of lands. In Nebraska, fifteen years ago, 
a voluntary movement was started for the encouragement of 
planting and forestry m general, and one day in the year, called 
“ Arbor Day^’* was set apart for that purpose. On that day 
trees are planted by prominent persons, and by the local bodies. 
This example has been followed by almost every other State 
named above, and ** Arbor Day” is now a public holiday in 
those regions, the date being fixed by the Governor. So great has 
been the progress that in Kansas alone there are now no leas than 

250,000 acres of artificial forest. The kind of trees planted 
varies very much with the district and the taste of the planters. 
W^hite elm is said to be the best tree, being of rapid growth and 
yet hardy. Oak, walnut, maple, elm, ash, catalpa, pine, talip- 
irec, linden, and others, have all been (buad lo flourish. 

Thk additions to the Zoological Society’s Gardens during the 
past week include a Squirrel Monkey {Chrysothrix scim'ut) from 
Guiana, presented by Mr. George Miles ; a Rhesus Monkey 
{Macacus rhesus 9 ) from India, preseated by Mr. J. Witham ; 
a Kinkajou {Cercoicptcs caucfivoivulus) from Venezuela, presented 
by Dr. A. Batchelor, F. R.C.S. ; a Black -backed Jackal {Cann' 
incsomchs Q ) from South Africa, presented by Lieut. Lionel dc 
Lautour Wells, R.N. ; a Kateo-i^ Cock^ioo {Cacatua roseica/dZ/a) 
from Australia, presented by Mrs. J, de la Mare ; a Sulphur and 
While- breasted Toucan {/iam/>/tasios vitelUuus) from Rio Negro, 
prcNcnied by Dr. C. E. Lister; an AUigaiOT {A Ui^aiormississt/>‘ 
fiensis) from Florida, presented by Mr. Michael Millard ; two 
Sharp-nosed Crocodiles {Croc&dilus acutus) from Nicaraoua, 
presented by Mr. 1C. A. Williams; a Common Viper {Vipera 
herus\ British, presented by Colonel C. S. Sturt ; a Grey Lemur 
{Hapalemnr f^ristus) from Madagascar, received in exchange ; a 
Barbary Wild Sheep ( 9 ) from North Africa, 
depoiiited ; a Brazilian Cariama {Cariama cris(a(a\ bred in the 
Gardens. 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 SEPTEMBER 16-22. 

/rj*OR the rockoaiag of time the civEi day, commencing at 
' Groenwich mean midnight, counting th« hours on to 24, 
is here employed.) 

At KSretmwiek Stpienther 16 

Sun rises, 5h. 39m. ; souths, iih. 54™. 34*6*. ; *8h. lom. : 

right asc. on meridiKii, ilh. 38’om. ; deck 2“ 23' N. 
sidereal Time at Sunset, lyh. 5410. 

Moon (Full on September 20, 5h.) rises, i6h. sym, ; souths, 
aih. 2Sm, laets, 2h. om.*: right asc. on meridian, 2ih. io-2m. ; 
deck 17 ’ 45 'S- 
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suppuration-^various kinds of BacteriA* Vibrioncsi BacHlii A 
classibcation follows of abscesses ttiemselvesi baaed on the 


Planet. 

Rises, 

Souths, 

Sets. 

Right asc. and dec li oat ion 
on meridian. 


h. m. 

h. m. 

h. m. 

h. m. 

. s ^s. 

Mercury.. 

7 *4 

. 13 J ■ 

. 18 38 . 

. 12 44*2 . 

Venus 

7 20 .. 

. 13 3 • 

. 18 46 . 

. 12 46*4 . 

. 3 S8 .S. 

Mara 

12 23 .. 

. 16 22 . 

. 20 21 . 

. 16 6'S . 

. 22 29 S. 

Jupiter.... 

II 54 - 

. 16 11 . 

. 20 28 . 

. 15 5S’o • 

. «9 4 S S. 

Saturn.... 

I 57 - 

. 9 30 * 

. 17 3 • 

■ 9 13 *4 . 

. 16 52 N. 

Uranus ... 

7 43 *• 

. 13 17 . 

.. 18 51 . 

13 os ■ 

■ s h 

Neptune.. 

20 33*.. 

. 4 20 . 

, 12 7 . 

. 4 2‘3 • 

. 18 58 N. 

* Indlcatea that tha rising is that of the preceding evening and the setting 

that of the wlowing morning. 





0 <culttUions of Stars by the Moon (visible^at Greenwich). 





Correimonding 
angles from ver* 

Star. Mag. 

Disap, 

Reap. 

tex to right foi 
inverted image. 


h. m. 

h. m. 

n ^0 

30 Capricorni ... 6 . , 

. 21 47 .. 

23 1 

... 128 287 


19 ... B.A.C. 8274 ... 6 ... 20 56 near approach 176 — 

Sept. h. 

19 ... 4 ... Mercury in conjunction with and I® 40' south 

of Venus. 

22 ... 15 ... Sun in equator. 


Variable Stars. 


Star. 

R.A. 

Decl. 





h. m. 



h. 

tn. 

U Cephei ... 

. 0 52 4 . 

. 81 16 N. 

. Scpl, 

21, 4 54 ^ 

T Arietis 

2 42'1 

,17 3 N. 

' t* 

2L 

m 

Aleol ... ... 

. 3 0*9 

. 40 31 N. , 

■ n 

17, 20 

15 m 

R Leporis ... 

. 4 S4*S 

14 59 S. . 

• tf 

18, 

nt 

T Monocerutis 

. 6 19-2 

7 9 N. . 

• »» 

21, 3 

oM 

C Geminorum 

• 6 S7’S 

20 44 N. . 

• >» 

19, 0 

0 m 

S Gania Minorib 

7 26-6 

8 33 N. . 

• M 


M 

S Cancri ... 

8 37'S 

19 26 N. . 


22, 1 

11 m 

V Bootis 

• *4 ^S '3 

39 2* N. 


22, 

m 

U CoronsB ... 

. IS I3‘b 

.3* 3N. . 

> 1 

16, I 

6 m 




M 

22, 22 

S Librae 

• IS iS'o 

19 59 S- ■ 

• >» 

22, 

M 

S Scorpii ... 

. 16 iro 

22 37 S. . 

n 

16, 

M 

U Ophiuchi*.. 

. 17 10*9 

1 20 N. , 

»» 

19. 3 

22 m 

R Scuti 

• 18 4i'5 

. 5 50 S. . 

• n 

19, 

M 

JB Lyrae 

. 18 46*0 

■ 33 14 N. . 

• tr 

20, 21 

0 w/. 

e Aquilee ... 

. 19 46*8 

,. 0 43 N. . 

M 

18. 23 

0 m 

T Vulpeculse 

. 20 46'7 

. 27 50 N. . 

• it 

19, 21 

0 m 




t* 

20, 23 

0 M 

W Cygni 

. 21 31*8 

. 44 S 3 N- • 

»» 

20, 

M 

3 Cephei 

. 22 25*0 . 

. 57 S« N. . 

• tf 

20, 3 

0 m 


Afsticnifies maximum ; m minimum ; secondary minimum. 


Meteor^Shaioers. 

II.A. Decl. 

Near € Tauri 64 .. 21 N. .. Swift ; streaks. 

„ Aurigae 74 ... 41 N. ... Sept. 21. Swift; 

streaks. 

,, X 89 ... 18 N. ... Very swift. 

98 ... 44 N» ... Very swift ; streaks. 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, September 3. — M. Janssen, Presi- 
dent, in the chair.— Microbism and abscess, by M. Vemeuil. 
The ordinary type of abscess is studied in connection with the 
new light thrown on the subject by microbic researches on 
suppuration. The almost constant presence of the micro-organisms 
described by Klebs, Pasteur, and others, shows that they arc in 
all probability the real and exclusive cause of pyogenesis, a con- 
dusion placed almost beyond doubt by the fact that, when 
introduced into the animal system, these organisms invariably 
produce suppuration and abscesses. A classification is given of 
the microbes in question, which are divided into two distinct 
groups; (l) pyogenic microbes, properly so called, which are 
normally present, such as the orange, lemon, white, and other 
varieties of Micrococcus and Diplococcus ; (2) those which occur 
irregularly in the purulent matter, but which may exist normally 
in the system apart from any pyogenic symptoms or centres of 


etiology of pyogenesis as well as on their pathological anatomy 
and physiology.— Inscription giving the details of a ninatecUpae^ 
by M. Oppert. This inscription, the text of which was ftrst 
published by Strassmaicr in the ZAtschrifi fiir Assyrioteg^, 
vol. ii , is referred to the year 24 B.c,, 23a of the era of the 
Arsacides. It describes the eclipse as having been predicted by 
the astronomer Uruda (Orodes), and as taking place, as predicted, 
in the month of Nisan, on the 13th niitht, at the hour of 
5 and 51 parts, which is reduced to Monday, March 33, 
9h. 30m. p.m., Paris meantime. — The fluorescent compounds of 
chromium and manganese, by M. Lecoq dc Boisbaudran. These 
substances are studied and prepared synthetically with a view to 
determining their several degrees of oxidation. — Note on the 
position of some points on the Brazilian seaboard, extracted 
from a memoir of the Commissio dc Longitudes, by M. 
Cnils. The places, whose positions arc here astronomically 
determined by the officers attached to the Brazilian Hydrographic 
Service, are Cape Frio, oh. 4m. 34 ’05s. (with probable error 
a‘i2s.), east of Kio de Janeiro; and Santos, oh. Z2m. 33*44s. 
(with probable error 0'20s.), west of Rio de Janeiro. — On the 
measurement of the refraction indices of crystals with double 
axis, by M. Charles Soret. These measurements are here 
effected by the observation of the limiting angles of total 
reflection on any facets. — Physiological action of the chloride of 
ethylene on the cornea, by M. Rafael Dubois. In a previous 
paper {Comptes rendm^ vol, civ,, No. 26, 1887) the author 
showed that the chloride of ethylene (CalljCl,) introduced in 
any way into the system produces in the dog, several hours after 
waking, an opacity of the cornea of a very remarkable character. 
Here he studies the nature of this phenomenon, and determines 
the mechanism by which it is produced. 
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A TEXTBOOK OF PHYSIOLOGY, 

A Text-dock of Physiology, By J. G. Me Kendrick, MJ). 
LL.D.f F.R.S. Including “ Histology,” by Philipp 
Stdhr, M.D. In Two Volumes, Vol. I, General 
Physiology. (Glasgow : MacLehose and Sons. 
London; Macniillan and Co. 1888.) 

T he present volume deals with the general principles 
of biology, the chemistry of the body, the early 
stages of development, the microscope, and the methods 
of microscopical research, the histology of the tissues and 
the physiology of muscle. It is no doubt very didicult to say 
what should and what should not be included in a text-book 
of physiology. The prinitiry object is to explain as much 
as we can of the phenomena of the animal organism by 
physical and chemical laws. To understand such an 
explanation, a knowledge of chemistry, physics, and of 
the structure of the organism is essential. These sub- 
jects are treated of in special text-books which do not 
contain any physiology, and their introduction into a 
work devoted to this subject cannot fail to exert an 
injurious influence on the full exposition of the actual 
state of the science. 

The present work is noticeable for the large amount of 
subsidiary matter which has been introduced, rather than 
as being a very complete account of modem physiology. 
The book is, however, intended by its author to aid the 
student to an intelligent knowledge of physiology, or 
rather, of all the subjects which are commonly dealt 
with by lecturers on physiology. It supplies the physical 
and chemical information more immediately required in 
physiological problems ; it explains the methods by 
which the more important results have been obtained ; 
and it gives a general insight into important biological 
facts. 

Considering the very wide range of subjects, the choice 
of matter has been very well adapted to the object in 
view, and the book will doubtless find a larger circle of 
riders than the Professor's own class, for which it is 
especially, intended. However, the degree to which the 
various sections have been brought up to date is very 
unequal.. Some of the subjects have evidently been 
thoroughly worked up, whilst others appear to have been 
chiefly compiled from existing and not wholly modern 
text-books. In a work of this character, unless the , 
author be endowed with almost superhuman industry, 
such a result is inevitable, and is fully foreseen by the 
aqthor himself. 

TTie section devoted to the general structure and 
physiology of the cell, the phenomena of fertiliration. 
and the modem views on heredity, will certainly be much 
appreciated. General biological knowledge of this kind 
is often eagerly sought for by the student, and not always 
SiMWUly obtainable. 

The microscope and the methods of microscopical 
research are very good and modern, but this is a sub- 
j^t which is hardly expected in a text-book of physiology. 
Ifco hlstt^f^ of the tissues calls for no special comment. 

Iti connectioh with the physiology of muscle, the 
and die of the graphic method is explained with 
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great care, very clear and good illustrations being given 
of the apparatus used. Muscle physiology itself is treated 
in considerable detail, to which is added the physiology 
of the electrical organ in fishes, containing the recent 
researches of Prof. Sanderson and Mr. Gotch. The 
physiology of smooth muscle is very scantily touched on, 
and the figures in connection with the heat produced by 
muscle are not correct ; nor is any reference made to the 
observations of Ludwig and Meade Smith, on the heat 
produced in the mammalian muscle when tetanized 
under different conditions of blood -supply. Surely they 
are much more to the point than the observations of 
Billroth and Pick, which are only applicable to the 
organism as a whole. 

The best feature in the chemical part of the work is 
the introduction of sections on the general chemical pro- 
cesses of the organism and on fermentation. With regard 
to the former, the paragraph devoted to reduction—as an 
important chemical process of the organism— is too short ; 
the interesting observations of Ehrlich on the reducing 
powers of the tissues (as shown by the injection of 
alizarin-blue, endophenol-white) are surely worthy of 
mention. The undoubted fact that the blood of asphyxi- 
ated animals contains reducing substances is not alluded 
to, nor is the rdle which modern physiological chemists 
ascribe to these reducing substances in producing nascent 
oxygen, and so bringing about the oxidations of the 
tissues, pointed out with sufficient clearness. Fermenta- 
tion is considered in its historic aspect, and from its 
chemical and biological sides. The history of organized 
ferments is adequately treated, as are also the early and 
important observations of Pasteur. What we actually 
know about the relationship of enzymes and organized 
ferments is not clearly expressed, no account being given 
of the researches of Musculus, Lea, and others, which 
have shown that enzymes can be obtained from organized 
ferments. Nor is the question of the chemical nature of 
enzymes sufficiently discussed. 

The remainder of the section of chemistry contains 
numerous defects. Thus a long chapter is devoted to the 
signification of chemical formulae, but we are later told of 
the albumins that their ** chemical constitution oscillates 
round the following : CaiH7N,gOsgS.'' No mention is 
made of the observations of Schmiedeberg, Drechsel, or 
Grubler, on artificial albumin crystals — observations o£ 
the highest importance for all future work on proteids. , 
The accounts given of casein, mucin, and nuclein, 
are not in accordance with our present knowledge. 
The chemical relations of indigo are given in detail, 
but the indican of the urine is said to have the 
formula C^Hg,NOjy, and no mention is made of indoxyl 
potassium sulphate. So with uric acid, nothing is said 
about the most important facts of Horbaezewski and E. 
Ludwig on the formation of uric acid from glycocoll 
and urea, which correspond so well with Strecker’s view 
of uric acid as a body analogous with hippuric acid (the 
benzoic acid being replaced by cyanic), and with the 
remarkable physiological fact observed by W6hler, that 
calves, as long as they feed on milk, excrete only uric 
acid, and no hippuric, whilst the reverse is the case when 
they take to a vegetable diet. Again, in regard to the 
formation of uric acid, two extremely important researches 
have been made—that of Schroedcr on the influence of 
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ammonia salts kt producing uric acid in birds, and the 
remarkable confirmation of this by Minkowski, who 
found, after extirpation of the liver, the uric acid of the 
bird^s urine replaced by ammonia. 

The subject most fully treated is that of the pigments, 
but here again jhe important works of Nencki and Sieber 
on haemoglobin and its derivatives, find no mention. A 
work like the present is necessarily a compromise. It 
docs not give so equable and well-judged an account of 
what it is important to know in physiology as might be 
expected from the reputation of the author and the size 
of the book ; but it shows the judgment of an experienced 
teacher in endeavouring to make every subject perfectly 
intelligible and in leaving: no branch of physiological 
science untouched. L. C. Wooldridge. 


OUR BOOK SHELF. 

The Mind of the Child. Part 1 . The Senses and the Will ; 
Observations concerning the Mental Development of the 
Human Being in the First Year of Life. By W. Preyer, 
Professor of Physiology in Jena. Translated from the 
original German by H. W. Brown. ‘‘ International Edu- 
cation Series ” (New York : Appleton and Co. London : 
Whittaker and Co, 1888), 

It is with no small satisfaction that we notice the issue of 
this, work in the English language. It has already 
remained much too long in the German and French 
tongues only ; and it speaks ill for the enterprise of 
British publishers that now the name of Appleton appears 
upon the cover. For, although comparisons as a rule are 
invidious, in the present instance there can be no doubt 
that the woik in holds the first place in the 

literature of the subject with which it deals. And since 
the study of infant psychology was inaugurated by M. 
Taine and Mr. Darwin, it has become so popular a 
branch of scientific literature that an English translation 
of “ Die Secle des Kindes^’ must be an assured success, 
even from a commercial point of view. 

In the case of a book already so well known, it is 
needless to say much by way of analysis. We must 
remark, however, that the present volume comprises only 
Parts I. and 11 . of the original — the remainder being 
reserved for publication as a second volume. Hence the 
instalment of the translation now before us deals only 
with the senses and tbe will ; the next instalment having 
to treat of the intellect, and ail supplementary matter. 
As everyone who has read the original is aware, Prof. 
Preyer has devoted himself to his subject with an assiduity 
and a thoroughness which only an assured conviction of 
its importance could inspire. And, in the result, his 
patiently continuous observation, his skilled intelligence 
as a well-read psychologist, together with his high attain* 
riiients as a professed physiologist, combine to render his 
work, not only as before remarked the most important, 
but also in many respects the most interesting, tnat has 
hitherto appeared upon the subject of psychogenesis, 
Therefore we recommend this work to all our English 
readers as the best that they can procure on “the mind 
of the child — and this whether their interest in such a 
mind be scientific only or likewise parental. 

G. J. R. 

Arithmetical Exercises, By H. S. Hall, M.A., and S. R. 
Knight, B.A. (London ; Macmillan and Co., j88S.) 

In this book we have a collection of examples comprising 
about eighty progressive mi seel Jan eons exercises and a 
set of fifty papers taken from such examinations as the 
London Univer.sity, 0 .xford and Cambridge Local, Pre- 
vious Cambridge, Army Preliminary, &c. The examples 


are judiciously chosen, and great care seems to nm 
been taken to make the work as iprogressive as ^sible4 
An appendix is added, consisting of two Hundred 
graduated questions in logarithms and mensuration, pre* 
ceded by a list of the numerical constants and formulae 
used in the latter. The answers to the examples are all 
collected together at the end. 

An EUmentary Treatise on Mensuration, By E. T. 
Henchie. (London ; School Books Publishing Com- 
pany, 1888.) 

In this work we have an excellent treatise for thoM who 
are about to begin the study of this subject. All reference 
to trigonometry has purpwly been avoided, and the 
author has in the second chapter added the enunciations 
of Euclid's propositions which bear on tbe work, together 
with an explanation of each. 

Plain rectilinear figures, curvilinear areas, the circle, 
Surfaces and volumes of solids, are dealt with in turn, 
and each chapter is accompanied by a set of illustrative 
examples thoroughly worked out and explained, followed 
by a separate set to be worked out by the student. Land 
surveying forms tbe subject of the eighth chapter^ in 
which are described the various instruments with the 
methods of using them. The figures throughout are very 
clear, and the shading used in those of the chapter on 
solids is excellent. The book concludes with a set of 
miscellaneous examples, making in all about 1260, 
together with the answers to the above. 

LETTERS TO THE EDITOR. 

Tht Editor does not hold himself resf^iMe for opinions 

X ssed by his torrespondesUs, Neither can he under^ 
to return^ or to correspond toith the writers of 
rejected mofiuscripts intended for this or any other part 
of Nature, No notice is taken of anonymous commum- 
cations,] 

Lamarckism versus Darwinism. 

I HAD hoped that my previous Idler might have closed this 
correspondence, but Mr. Poul ton’s reply suggests to me the pro^ 
priety of making one additional remark. This ia, that while 
writing the sentence in tho Contemporary Review to which he 
' has taken exception, it never occurred to me that anyone would 
gather from it that I intended to disparage the work of an 
eminent man, who hapj>ens to be al.so a personal friend. But, 
as this api^cars to be tne impression conveyed to Mr. Poulton, I 
should not Uk;j to allow his statement of it to pass unnoticed. As a 
matter of fact, no one can appreciate more thoroughly than I do 
(he extensive knowledge, the clearness of thought, and the 
great powers of original research which are now being so 
conspicuously displayed by Prof. Weismaon. 

From the first U has been sufficiently obvious to me how the 
present misunderstanding arose ; and if, instead of affirming 
that T was ignorant of Prof. Weismann’s writings, Mr. PoultoQ 
had begun as he has ended, by asking me to “explain*' tny 
remark with reference to them, of course I should at once 
have done so. However, as stated in my last letter, it is my 
intention at no very distant date to deal with the whole queation 
of .so-called “ Lamarckism versus Darwinism *’ ; and, tfaerelc^ 
my only object in this communication is to stop from g^g 
further the impression that I hold in light esteem the highly 
important achievements of Prof. Weismatin. 

GbOJUIEJ, ROMAlfgJI, 

Geanies, Roas-shir^ September 8. 

Mr. Qulick on Divergent Bvolntion« 

Mr. Gulick’s paper on this subject appears in the lost 
number of the Journal of tlie Linoeati Society as having been 
*' commumcated by Alfred Russel Wallace^ EL.S.'^ It may 
therefore be supposed that t recommended its pubticaHoo, oe 
that 1 agree with its main argument j and as thU Is not Ibtf 
case, I ask permksifin to say a few woiAs on tbe std^nct in the 
columns of NaTURft. 
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The Deat^ of Clausius. 


lo 'vXS/s, Mn Ouliok aent me his P^er on Diversity of 
^vbltttipU «hdw One Set of External ConditionSp’’ requesting 
m 0 | if 1 thodi^tiiti to oorntnuaicate it to the Linnean Society. 
As the paner contained a body of very interesting facts observed 
the autnor, 1 had no hesitation in rccommcDaing its accept- 
aiice by the Society^ althoqgh I did not agree with the conclusions 
Mt, Culick drCw from his facts. 

Last year Mr. Gulick sent me the manuscript of hU present 
papert infonhing me that it was the result o( long-continued study 
of the subjectp.and asking me to forward it to the Unnean Society. 
1 did aOp writing to tne Secretary that I had not read the 
paper Ihroi^ht and did not undertake the responsibility of 
recommending it for acceptance. 

Having now read the paper in printi I find very Ultle in it 
that I can agree with. 1 can discover in it no additional facts 
beyond those whidi were set before us in the former paper 
sixeen years ago, while there is an enormous body of theoretical 
statements, many of which seem to me erroneous, and a highly 
complex classification of the conditions under which the se^iara- 
tion or isolaticm of individuals of a species takes place, with a 
new and cumbrous terminology, neither of which, in my opinion, 
adds to our knowledge or comprehension of the matter at issue. 

As in almost every page of this long paper 1 find statements 
which seem to me to ^ either disputable or positively erroneous, 
any extended criticism of it U out of the question ; but I wish to 
call attention to one or two points of vital importance. Mr. Gulick 's 
alleged discovery is, **Lhe law of cumulative divergence through 
cumulative segregation ’’ (p. 212). He maintains that any initial 
variation, if Isolated by any of the causes he 1 ms enumerated, but 
remaining under identically the same environment, will increase 
till it becomes in time a specific or even a generic divergence, 
and this without any action whatever of natural selection. Now 
if this is a Jact it is a niO‘»t important and fundamental fact, equal 
in its far-reaching significance to natural selccllcm itself. I 
accordingly read the piiper with continual expectation of finding 
some evidence of this momentous principle, but in vain. There 
is a moat elaborate discussion incl endless refined subdivisions of 
the varied modes in which the individuals constituting a species 
may be kept apart and prevented from intercrossing, but no 
attempt whatever to prove that the result of such complete or 
partial isolation is " cumulative divergence." The only passage 
which may perhaps lx- considered such an attempt at proof is 
that on p. 2iy, where he supposes an experiment to be made, 
and then gives us what he thinks “ expeiienced breeders " will 
assure us would be the result. In this experiment, however, 
there is to lie constant selection and reassnrtment of each brood, 
yet he asserts that ““there is no selection in the sense in which 
natural selection is selection " ; by which he apt^e.irs to mean that 
the selection is by “ separation ” not by “extermination." This, 
however, ^ms to me to be a distinction without a difference. 
Again, in the various illustiaiions of how “cumulative aegre- 
brought about, natural selection roust always cotne 
into play — as in the case of a change in digestive powers, and 
consequent adoption of a different food (p. 223), leading to ^lar- 
t Utl isolation ; and such cases are exactly what is contemplated 
Ire Darwin in his brief sialemenl of the effects of “ divergence of 
cnaracter” (“Origin," pp. 86-go), while the concurrence of 
“isolation" as a factor is fully recognized at pp. 81-83 
same work (6th edition). 

It appears to rne that throughout his paper Mr. (iulick omits 
the consideration of the inevitable agency of natural selection, 
arUiag from the fact of only a very small proportion of the off- 
spring produced -each year possibly surviving. Thus when, at 
jx 914, he states that “the fact of divergence in any case is not 
a sufficient ground for assuming that the diverging form has an 
advantage over the type from which it diverges," he omits from 
all con^derntion the fact that at each step of the divergence 
there was necessarily selection of the fit and the less fit to sur- 
vive ; and that if, as a fact, tlic tv o extremes have survived, and 
not the intermediate steps which led to one or lioth of them, it 
is a proof that hth had an advantage over the original less 
snedalieed form. Darwin explains ihw in his section on “ Ex- 
tnHAion caused by Katuml Selectkm " (p, 85), On the vphole, 
1 fhU to aee tlmt Mr. Gulick has «stablhd»«d any new principle, 
eitber as a sribststute for, or in addition 10, natural selection as 
set forth by Darwin. Others, however, may think differemly ; 

1 ihali be glad if any naturalists who have stMied Darwin's 
wiU point out, definitely, in what way ihis paper aatende 
oim iboowlcdge oft^^ mode in Which species have 

AxFjiiD K, Wallace. 


1 no not know by . what unfortunate accident it happened 
that J did not hear of the death of the great Clausius until after 
the meeting of the British Association. I write this in order to 
explain how I neglected to express the sorrow of the scientific 
world in Britain in the loss, and our sympathy with the soienlific 
world in Germany. It is not the part of a young discipk like 
me to eulogize the giants of the passing generation, but 1 regret 
greatly that any appearance of want of appreciation of the 
labours of one of the roost brilliant lights of the nineteenth 
century should attach to British science owing to my silence. 

Geo, Fkas. Fitzgerald, 
Tiinity College, Dublin, September 15. 


The March Storm$. 

The accounts of March storms in England which reach us 
lead me to think that it wouhl l>e interesting to note the follow- 
ing. On March 13, barometers in Western Australia had fallen 
suddenly o'20 inch ; the cyclone pas^'vd rapidly eastward along the 
south coast of Australia. On the 1561 we had a heavy gale of 
wind at Sydney ; the anemometer showed 55 miles an hour. 
Lake George was so disturbed that the observer was wind-bound 
in the small house which holds tlie recording machine for several 
days, and the tidal reci''ter at Sydney shows considerable dis- 
turbance like earthquaxe-waves during the iSth, i6th, and 17th. 
On the 15th the level of the Sydney transit inKtrument was 
found to have changed suddenly since the i4th, o'7, the western 
pier having fallen. A tidal wave reached New Guinea and 
New Britain on the 13th ; at the latter place it is supposed 
toh.ave risen 40 feet. H. C. Kusskll. 

Sydney Observatory, July 36. 


INTERNATIONAL METEOROLOGY. 

T he International Meteorological Committee held a 
meeting at Zurich, in the Polytechnikum, from the 
3rd to the 5th of this month. All the members were 
present. The most important point on which action was 
taken was the subject of future meetings to beheld instead 
of Meteorological Congresses organized by diplomatic 
means, The following was the resolution adopted 

” The Committee, in view of the circumstance that the 
assembling of an international meeting, of the same 
character as the Congresses of Vienna and Rome, presents 
great difficulties, considers that the commission it received 
at Kumc IS exhausted, and that it ought to dissolve itself. 

" At the same time, in order to continue die relations 
between the different meteorological organizations, which 
have been productive of such good results during a series 
of years, the Committee appoints a small bureau with the 
duty of using its best endeavours to bring about, at some 
convenient time, an international meeting of representatives 
of the different Meteorological Services.” 

‘ By a subsequent resolution the bureau was made to 
consist of the President and Secretary of the Committee 
(Prof. W^ild and Mr. Scott). 

Among other matters on which action was taken may 
be mentioned 

Cloud Classification , — It was decided that the proposals 
of Messrs. Hildebraudsson and Abercromby were not ripe 
enough to be recommended for general adoption. 

MeleorolaHcai Jn/ormaEon pom Traxfelhrs . — On the 
motion of Dr. Hann certain rules were laid down, to be 
recommended to all Geographical Societies, &c., as to the 
conditions w*hich must be observed in order to render 
published records of meteorological observations of any 
real service to meteorology. These relate to instruments 
and their cotrections, exposure, methods of calculation, 
S:c,, &c. 

The Committee finally dissolved itself. 

Robt. H. Scott. 

Meteorological Office; Sc|)tember 29. 
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THE HORIVEGIAH GREENLAND 
EXPEDITION. 

I NFORMATION having been received by the sealer 
Jason of the Norwegian Expedition under Dr. 
Fridtjof Nansetii, which is to attempt traversing Green- 
land from the east coast to the west coast, having left 
that vessel on July 17 in lat. 65* 2' N., and by this time 
is no doubt fairly on its way across the inland ice, some 
particulars of the plan and aim of this expedition, fur- 
nished by the leader himself, will doubtless prove of 
interest, and tend to correct various erroneous statements 
which have appeared. 

When leaving the Jason^ an ice-belt about ten miles 
in width separated the vessel from the mouth of the 
Sermilik Fjord, and the Expedition was seen to make 
good progress, either walking over the ice or rowing 
through it, and at 6 a.m. it was out of sight. It was Dr. 
Nansen’s intention to land in this Qord, which is in- 
habited, and proceed to the bottom, where he would 
attempt to ascend to the inland ice plateau. The moun- 
tains around the fjord are very steep, and upwards of 
6000 feet in height, but still this spot was recommended 
by the Danish explorer, Captain Holm, as the most suit- 
able. It is agreed by sdl competent authorities that once 
on the inland ice plateau the rest of the journey will be 
comparatively easy, Dr. Nansen and his followers pur- 
posing to journey on the so-called Norwegian Ski across 
the smooqi snowy surface of the inland ice. These 
adjuncts of locomotion are highly recommended by 
Baron Nordenskiold in land journeys in the Arctic 
regions ; and as a proof of their utility it may be men- 
tioned that when on the inland ice in 1883, the two 
Lapps in his train were sent forward, and covered in 
fifty-seven hours twice as much ground as the rest of the 
expedition in twenty-seven days. Before, however, de- 
scribing these means of locomotion on snow, a brief 
reference to the members of the Expedition should be 
made. 

The Expedition, for which there were thirty-five volun- 
teers, including one Englishman, consists of Dr. Fridtjof 
Nansen, of the Bergen Museum, leader ; Lieutenant in the 
Norwegian army, Herr O, C. Dietrichson ; Herr Otto Sver- 
drup, an officer in the Norwegian mercantile marine ; and 
Herr Kristian Kristiansen, a land-owner ; with two Lapps, 
Samuel BuUo and Ole Ravna, the latter of whom was 
” on view" at the Exhibition in London in 1883. All 
the members are men in their best years, powerful, and 
accustomed to hardships of all kinds, and last, not least, 
experts in the craft of Skildbmng^ or Norwe^an mode of 
journeying on snow. This mode is entirely different from 
that practised in Canada under the name of “snow- 
shoeing," and therefore deserves special mention. The 
Skt^ or sndw “ runners," as they might more justly be 
called, arc long strips of carefully selected pine- wood 
without a flaw, those used by Dr. Nansen being about 
8 feet in length, i inch in thickness, and 4 inches in 
width. In the middle is a leather strap covered with 
sheep’s wool for the foot, and a slight catch for the heel, 
whilst the edges are (in this particular case) protected 
by means of a steel band. The wood has been carefully 
seasoned and soaked in tar to prevent the penetration of 
moisture, whilst underneath the Ski are lined with 
reindeer skin, the hair of which gives the runner a better 
“grip" on the snow when going up hill In front they 
are pointed and bent slightly upwards, so as to pass 
more easily over obstacles. A good pair of Ski will, when 
carefully prepared, have the elasticity almost of a Toledo 
blade, and jumps of 25 or 30 feet, when such may be 
necessaiy in the mountains, are frequently performed by 
good Sk men, without breaking meir Ski The most 
remarkable feats of agility are performed by experts on 
these means of locomotion ; in fact, many a Norwegian 
is as much at home on his Ski as a Red Indian on his 


horse. As to the progress made on Ski^ it is eimjbty 
astounding, a good runner on dry snow, and across a &ir 
country, being capable of covering a htitidred miles a 
day, and down hill the speed rivtds that of the fastest 
express. Dr. Nansen and his party, who are all cele- 
brated for their achievements in the Ski sport, carry with 
them nine pairs of these. For the conveyance of pro- 
visions he has with him five hand sledges of novel 
construction, being only half the weight of those gener- 
ally carried in Arctic journeys. They ore 9 feet long, 
and 2 feet wide, greatly curved at both ends, and shod 
with steel bands, whilst at the back is a steering-pole. 
The weight is 25 pounds. Dr. Nansen had occasion to test 
the quality of one of these sledges when travelling last 
winter alone across Norway on Ski.^ from Eidsfjord to 
Nummedal, a distance of about fifty miles. The adop- 
tion of this kind of sledge has been made at the instance 
of Baron NordenskidLd, who, during his journey across 
the inland ice, found those then used too heavy. 7b« 
Expedition is also provided with a tent, brown in colour, 
in order to afford a rest to the eye on the vast dazzling 
snow-fields^ and it may be separated into five pieces^ 
each forming a sail for the boats. Naturally it was 
absolutely necessary that the baggage of the Expedition 
should be as small as possible, consequently only what 
is absolutely required has been included, such as the usual 
scientific apparatus, a camera, cooking utensils, and pro- 
visions, the fatter consisting chiefly of pemmican, meat 
cakes and biscuits, preserves, tea, chocolate, &c. Every 
article carried has been specially prepared, some in 
Christiania, and others in Copenhagen, London, and 
Paris. One article which previous Greenland Expedi- 
tions have been much in want of are Alpine ropes for use 
in climbing, and these have been special!^ made for 
Dr. Nansen in London. 

Having reached the inland ice plateau, Dr. Nansen 
purposes travelling in a north-westerly direction, with 
Disco Bay on the west coast for his goal, as further 
south the land is intersected by deep Qords and moun* 
tains, which may cause difficulties in crossing. The 
distance from coast to coast is estimated at 425 miles, 
and allowing for a rate of progress of only fifteen miles a 
day, the whole journey should be accomplished in about 
thirty days. The leader considers it a great advant^e \o 
cross from east to west, and not vice versA as previously 
attempted, as in the former case provisions ne^ only be 
carried for one journey, the west coast being well pro- 
vided in this respect. The most serious obstacles expected 
by Dr. Nansen on the inland ice arc crevices in the ice, 
which are formed by the water from the melting snow, 
and wet snow. The former he intends to attempt evading 
by sending the Lapps forward as scouts, and on tfie 
latter Canadian snow-shoes will be used, as in wet 
snow the Ski are of little use, the snow clogging to.them 
and retarding progress. It is, however, expect^ that at 
this season the snow will be crisp and dry. It should 
also be mentioned that by crossing from east to west ^ 
Expedition will have the advantage of traveUingcontinually 
down an incline, as the country slopes grs^uaJly down 
from a height of 6000 feet on the east coast to only a few 
hundred on the west coast, whilst the wind also nearly 
always blows from that quarter. 

Dr. Nansen further anticipates that the curious lofty 
basalt rocks of Disco Island will be seen a good way 
inland, and serve as a landmark. 

As regards the scientific aspects of the expedition, not 
too great results may be expected, although Dr, Naiispn 
has especially qualified for his task, and visited Gnneyi- 
land some years ago ; as with the means at his dtspOMd> 
and in view of the mode of travelling, the nomMrff 
members and the weight of the baggage had to beoerfom 
limited. However, the leader ftm confident that it lijrBl 
contribute in some degree to solve the sqienc^c prefifiems 
facing us in that continent, which has always had such 
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faidpatlon to tbe geographer, geologist, and botanist in 
pattStttUr, and may lead to the despatch of an Expedition 
on tt larger scale and with a wider scientific scope. 

It may be of interest here briefly to recall the attempts 
which have been made from time to time to cross the 
Greenland continent. 

As is well known, Greenland has never been crossed 
by human beii^, although there is a tradition, confirmed 
by Holm and Garde, that a young girl from Pikiudelek, 
on the east coast, driven from home by cruelty, wandered 
on foot across the ice to the west coast. However, in 
modem times many attempts have been made, as, for | 
instance, by Dalager (a Dane), Dr. John Rae, Messrs. 
Why roper and Brown, Messrs. Jensen, Kornerup, and 
Groth, and Nordenskidid in 1S70 and 188^. All of these 
attempts were failures, with the exception of that of 
Nordenskifild in 1883 referred to, when he succeeded, in 
lat. 684® N., in reachihg 75 miles inland, and his two 
Lapps 140 miles further, or 315 miles, jf.r. a little more 
than half the width of the country. Finally, we have the 
scantily-known wandering, in June of last year, of Mr. 
Peary, an Amerian engineer, and Herr Maigaard, a 
Dane, who claim to have reached about loo miles inland 
on the ice from Jakobshavn, and reached an elevation of 
about 7000 feet above the sea ; but the weather was 
unfavourable. It is worthy of note that this elevation is 
far higher than that recorded by Nordenskibld a little 
further south, vir. about 6000 feet 

It is impossible to close this rt^sum/ of Dr, Nansen’s 
plans without referring to the much -disputed theory 
of there being, if not a fertile interior somewhere in 
Greenland, at all events land free from ice and snow, as 
advocated by Nordenskidld, but which he failed to find. 
We have it however now, on the authority of Dr. Nansen, 
that in spite of this failure the famous Swedish explorer 
is still ot opinion that such conditions may exist some- 
where to the north or south of the track followed by 
himself. Dr. Nansen also supports this theory, which is, 
leaving the “Fdhn” wind theory out of the question, 
based, firstly, on the circumstance that the reindeer herds 
on the west coast disappear from the coast in the summer, 
when it is surmised that they proceed to this interior 
** oasis,” as it has been termed ; and, secondly, on the 
discover by NoTdenski61d of reindeer horn far in on the 
ice ; thirdly, the theory is claimed to be supported by 
the fact of Nordenskicild's two Lapps haying in the middle 
of Greenland seen two ravens coming from the north to 
•have a look at them,” and return in the same direction. 
Hence, it is maintained, some ice-free land must exist 
Anther north. But as to the wanderings of the reindeer, 
such take place every summer in Norway, when the 
animals repair to the glaciers in order to escape from their 
dread tormentors the gadfly and the heat. It is, however, 
curious that the Greenlanders themselves, as well as the 
Eskimo, according to Captain Holm, firmly believe in an 
ice-free and populated interior, the inhabitants of which . 
are of enormous stature, fierce, and dangerous magicians, 
and it is this latter belief which is the cause of the natives 
refusing to act as guides or participate in explorations of 
the interior. The east coast natives by the way maintain, 
too, that Score4by Sound in the extreme north (Holm, 
•East Coast Expedition, 1883-85*') is a fjord separating 
Greenland from the rest of the Arctic regions ; that once 
a Greenlander sailed through it from west to east, and 
tiiaii near its southern shores resides a warlike tribe of 
Greenlanders, 

It was Dr. Nansen's intention to have attempted to 
land in the neighbourhood of Scoresby Sound, where no 
European has ever set foot, but it was impossible to get 
Amther north than Cape Dan qn account of ice. It should 
bd metittoned that the present expedition is in a great 
ddgm due to the munificence of Herr Augustus Gam^l, 
despatched Lieutenant Hovgaard's 
Expe^^lon 6f 1880, and has ri^elved valuable 


assistance from such Greenland explorers as Nordenskidld, 
Rink, Holm, Ryder, and Marigaard, as well as the Royal 
Geographic^ Society. 

If ail goes well, it may return to Europe before the last 
vessel leaves Greenland at the end of September. 

If successful, it cannot fail to throw some further light 
upon the interesting scientific problems of that mystic 
northern continent, and incite other explorers to follow in 
Dr. Nansen and his colleagues’ footsteps. 


r//E CENTENARY OF THE CALCUTTA 
BOTANIC GARDEN 

T he Report of Dr. George King, the Superintendent 
of the Botanic Garden of Calcutta, for the past year 
gives a brief history of the work of that institution during 
the century of its existence, which has just been com- 
pleted. The suggestion for its foundation was made to 
the Government m Calcutta in 1786 by Colonel Robert 
Kyd, then Superintendent of the East India Company's 
dockyard at Kidderpore. The adoption of the proposal 
was urged upon the Board in London by the Governor- 
General, and upon their sanctioning it a large piece of 
land at Shalimar was chosen as the site, and Colonel Kyd 
was elected the first Superintendent. He held the post 
till his death in 1793. At the outset it was understood 
that the Garden was to be made a source of information 
for the Company’s servants, and a place in which ex- 
periments could be made on those exotics which were of 
economic value. It was also intended to be a horticul- 
tural and agricultural garden, which would assist in 
introducing indigenous Indian products to new markets. 
The earliest efforts of Colonel Kyd were directed to the 
introduction of trees yielding nutmeg, cloves, and cinna- 
mon, and to attempt to cultivate them. This, however, 
was a failure, the climate being shown to be quite un- 
suitable to them. The equatorial fruits, such as mango- 
steen and bread fruit were tried with a similar result, and 
also the temperate fruits of Europe, and thus at an early 
stage it was demonstrated that any such effort was quite 
useless. Colonel Kyd introduced tea cultivation, and in 
this he was highly successful, and it was owing to his 
efforts that the tea-industry has become one of the most 
important in India. On the death of Colonel Kyd, Dr. 
William Roxburgh, the Company’s Botanist in Madras, 
was appointed to the post, and continued in it till 1814. 
He was an ardent botanist, and was the first who attempted 
to draw up a systematic account of the plants of India. 
His Flora Indica contained descriptions of all the indi- 
genous plants he had met, and also of the exotics in 
cultivation at Calcutta. This book was not published 
till 1832, and it was, till Sir Joseph Hooker commenced 
his work on the “ Flora of British India ” in 1872, the only 
book from which a good knowledge of Indian plants 
could be acquired. Besides his • Flora Indica,” Roxburgh 
published “Plant® Coromandalian®,*’ descriptions of 
three hundred of the most representative plants on the 
Coromandel Coast. Dr. Roxburgh, who left India on 
account of failing health, was succeeded by Dr. Buchanan- 
Hamilton, who collected a mass of information about 
the fauna and flora of India, a portion of which he 
published in his own name, but the greater part was 
issued in Montgomery Martin's “ History, Topography, 
and Statistics m Eastern India.” In 1817, Dr. Wallich 
became Superintendent. Wallich was a most energetic 
man, and during his term of office he made collections 
in Kumaon, Nepal^ Tenasserim, Singapore, Penang, and 
other places. His collections of dried plants w^re taken 
by him to London, and after their classification they were 
distributed to the chief botanical institutions in Europe. 
Dr. Wallich published three fine volumes, “ Plant® 
Asiaticae Rartoxes,” illustrated with excellent figures. On 
Dr. Wallich's retirement in 1846, Dr. Hugh Falconer, who 
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ift 'well known on account of his researches on the Sivalik 
fossil Mammalia, succeeded to the post. Dr. Thomas 
Thomson, the co-worker of Sir Joseph Hooker in the 
collection and distribution of an extensive East Indian 
Herbarium, was the neat Superintendctit. His successor, 
I>r. Thomas Anderson, died in 1870 from disease con- 
tracted when i^bourtng to introduce the quinine-yielding 
Cinchonas into the Himalayas. This latter work— that is, 
the cultivation of the Cinchonas of the Andes — has been a 
great success. The (ianlen authorities, in connection with 
the Agri-Horticultural Society of India, made great 
and successful efforts to improve the quality of Indian 
cotton, and to push Us sale and that of jute in the European 
markets, 'I'he united bodies also imported better kinds of 
sugar-cane from the West Indies, and thus improved the 
quality and the n mount of the sugar-crop in India. The 
various Superintendents made from time to time ex- 
periments in the cultivation of plants and products of 
economric value, as, for instance, tapioca, india-rubber, 
sarsaparilla, aloes, cocoa, and many others. Many of the 
various kinds of exotics now grown in India have been 
introduced through the inalrumenlality of the Garden, 
and the authorities have 3h<5wn to the inhabitants of India 
the advantages of better systems of cultivation than they 
previously pursued. 

In the year 1864 the Garden was devastated by a terrible 
cyclone, and the few plants that escaped the general ruin 
were very much thinned by another cyclone which a, few 
years after burst over Calcutta. In fact, at the present 
moment there are in the Garden only a few trees, including 
the great banyan, which were there in 1867. When the 
shade of tlic trees was thus removed, the weed ImPerata 
cytindrica spr9ad rapidly over the whole Garden, and when 
Dr, Kin^ was appointed to be Superintendent of the 
Garden, m 1871, ne found it in rather a sorry plight By 
the assistance that the local authorities gave him he w^as 
enabled to plant it afresh, to lay it out for landscape effect, 
to form ornamental ponds, and to build the Herbarium 
and conservatories. The most noticeable feature, from 
% botanical stand-point is, of course, the Herbarium. On 
l>r. Wallich dispersing in 1828 the splendid collection of 
dried plant«, the foundations of another were laid. Almost 
every botanical student in India has contributed to the 
present collection, and also many specimens have been 
sent from Europe. Of course it is above all an Indian 
Herbarium, but there are also good collections of plants 
from Asia Minor, Persia, Japan, and South-Eastern Asia. 
In fact, in all but African and American plants it is a very 
representative collection. For the last fifty years there 
has been a constant exchn nge of specimens with Kew 
Gardens, and to Sir William Hooker, and Sir Joseph 
Hooker, and Mr. Thiselton Dyer, the Herbarium owes 
some of its choicest specimens. Exchanges have also 
been systematically made with the British Museum 
Herbarium, the Jardin des Plantes, Paris, the Imperial 
Gardens at Berlin and St. Petersburg, and with the 
mstitmions at Ceylon, Java, and Saharanpore, and many 
of the best-known botanists have been among the most 
active contributors. 

During the past year the collection of dried plants has 
been largely increased , the most noteworthy additions 
bsing those collected by Dr. Aitchison with the Afghan 
Boundary Commission, and those by Dr. Giles during 
the Cilgit expedition, the latter having been sent from 
Kew. From Kew were also received many specimens 
of Sin^pore and Penang plants. Many ^ants from 
Central Asia were sent by the Director of the Imperial 
Garden at St. Petersburg, and a Natal collection was 
seAt from Durban. Four hundred named species from 
Mexico, a large box of dried plants from New Guinea, a 
qtttntity of plants from Sikkim, trees from the Khasia 
Hills, specimens from the North-Western Himalayas^ 
and from Southern India, were among the many coftec- 
’ tions presented to the Garden in the past year. The 


Government Botanist of Perak, Father Scortechini,^ ^bo 
had been sent by Sir H. Low, came to tbs Garden in 
November to study, so that he might arrange hi* c'oBec- 
tione, but he died shortly after his arrival. During the 
year 8064 plants were received and 46,109 given'^ out ; 
903 packets of seeds were received, and 2334 distributed. 
Ur. King concludes his Report by saying that the 
acclimatized English potatoes have everywhere tumed 
out badly the past season. 

THE BRITISH ASSOCIATION. 

SECTION G. 

MKCHA.MCA1. SCIENCE. ‘ 

Ot’eninc. AnoRKSS nv William Mrnry Prkece, F.R.S., 
M.Inst.C.E., &c., President of the Section. 

**Canst thou semi lightnings, that they may go, and 
say unto ihce. Here wc aie?'^ were pregnant, words 
addressed to Job imlcnown centuries ago. I'hey express the 
first recorded idea in history of the potentiality of electriciiy to 
minister to the wants of mankind, From Job to Franklin is a 
long swing in the pendulum of time. It was not until that 
American philosopher brought down atmospheric eleotricitv by 
his kite-string in 1747, and Stowed that we could lead it where 
we willed, th-at we were able to answer the question addressed 
to the ancient patri.nrch. Nearly another century elapsed before 
this mysterious power of Nature was fairly conquered. It has 
been during this generation, and during the life of the British 
Association, that electricity has been usefully employed ; and if 
is bec.'iuse I have taken a jiubordinaie ]>osition in inaugurating 
nearly all of it.s irracttCal applications, that I venture to make the 
developments of them the text of my address to this Section. 

People arc singularly callous in makers affecting their owrr 
person.il safety : they will not believe in mysteries, and they 
ridicule or condemn that which they do not understand. The 
Church itself set its face against Franklin’s “ impious theories, 
and he was laughed to scorn by Europe's scientific sons ; and 
even now, though Commissions composed of the ablest men of 
the land have sat and reported on Franklin’s wotk in England^ 
France, and nearly every civilized nation, the public generally 
remains not only ^orant of the use of lightning-conductors, 
but absolutely indifferent to their erection, and, if erected* 
certainly careless of their proper maintenance. I found in of 
church not very far from here the conducter leaded into a tomh- 
Htone, and in a neighbouring cathedral the conductor only a faid 
inches in the ground, so that I could draw it out With my hand. 
Although I called the attention of the proper nuthoritiea to the 
absolute danger of the state of affoii-s, iwy remained in the Same 
condition for years. 

Wren's beautiful steeple in Fleet Street, St. Bride's, was welj- 
nigh destroyed by lightning in 1764. A lightning-rod waa fixed, 
but so imperfectly that it was again struck. In July last (1887) 
it was damagerl because the, conductor had been negiectea, and 
had lost its efficiency, ' 

As long as points remain points, as long os conductors remain 
conductors, tts long as tlm ri^s make proper eoniMetion wkh the 
earth, lightning protectors will pmtect : butif points are altoWed 
to be fused, or to corrode away ; os long as bad jaints or fanhy 
connections are allowed to remain ; as long as eartha, orno 
earths exist, so long will protectors ceaae to protect, and 
will becnipe absolute sources of danger, LigHming-conductort, if 
properly erected, duly maintained, and periodically inspected»am 
an absolute source of safety ; but if erected by the village bUckso^i 
maintained by the economical churchwarden, and never ^1 
at all, a loud report will some day be heard, and the beadtifii( 
steeple will convert the chnrrf^rd into a new geological 
formation. 

We have not yet' acquired that meirtal confidence in the 
accuracy of the laws that guide our procedure in prdteetiitig 
buildings from ^he ejects of atmospheric eieetrical dineilwi|^ 
which characteriecs most of pnctical appUcatim of mict 
tricity. Some o£ our cheiisbed priitcipm have cmlh viftf 
recently received a rough abaking from Ihe Ups JW 
Oliver Loflge. F.lLS*, who,^ boa^eve^ has 
experiments by rather fancifpl sne^latlon, a^' ddkpae 
tionsry conclusions are scarcely ine logical deduction froi^ bn 
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AOV^ premiMi. The whole subject i$ going to be thoroughly 
diicttmd jtt l^U meeting. 

We «re torn obtaining much vafuable information about the 
nature of l^htning from photography. We learn that it does 
Aotf iu a rule, take that zigzag course conventionally used to 
repiesent a flash on canvas. Its course is much more erratic and 
sinuous, its construction more complicated, and pictures have 
been obtained of dark flashes whose raison d'^re has not yet 
been satisfactorily accounted for. The network of telegraph 
wires all over the country is peculiarly subject to the effects of 
atmospheric electricity, but we have completely mastered the 
vagaries of lightning .discharges in our apparatus and cables. 
Accidents are now very few and far between. 

The art of transmitting intelligence to a distance beyond the 
reach of the car and the eye, by the instantaneous effects of 
electricity, had been the dream of the philosopher for nearly a 
century, when in 1837 it was rendered a practical success by the 
commercial and far-sighted energy of Cooke, and the scientific 
knowledge and inventive genius of Wheatstone. The metallic 
arc of Galvani (1790) and the developments of Volta (1796) had 
been so far improved that currents could be generated of any 
strength ; the law of Ohm (1828) had shown how they could be 
transmitted to any distances ; the deflection of the ma;^nctic 
needle by Oersted in 1819, and the formation of nn electro^ 
magnet by Ampere and Sturgeon, and the attraction of its 
armature, had indicated how tnose currents could be rendered 
visible as well as audible. 

Cooke and Wheatstone in 1837 utilized the deflection of the 
needle to the ri^ht and the left to form an alphabet. Morae 
used the attraction of the armature of an electro- magnet to 
raise a metal style to impress or emboss moving paper with 
visible dots and daShes. bteinheil imprinted dots in ink on the 
different sides of a line on paper, and also struck two bells of 
different sound to affect the ear. Br^uet reproduced in minia- 
ture the actual movements of the semaphore, then so much in 
use in France ; while others rendered practical the favourite idea 
of moving an indicator around a dial, on which the alphabet and 
the numerals were pi;mted, and causing it to dwell against the 
symbol to be read— the A, B, C instrument of Wheatstone in 
Knglan^ and of Siemens in Germany. Wheatstone conceived 
the notion of printing the actual letters of the alphabet in l>ol(t 
Roman type on paper — a plan which was made a perfect success 
by Hughes in 1854. 

At the present moment the nec<?le system of Cooke and 
W'heatstone, as well as the A, B, C dial telegraph, are very largely 
used in England on our railways and in our smaller post-offices. The 
Morse recorder and the Hughes type-primer are universally used 
on the Continent ; while in America thedor-aod-dash alphabet of 
Morse is impressed on the consciousness through the ear by the 
sound of the moving armature striking against the stops that 
limit its motion. In our larger and busier offices the Morse 
sounder and the bell system, as perfected by Bright, arc vpry 
larnly used, while the Press of this country is supplied with news 
winch is recorded on paper by ink dots and dashes at a speed 
that is almost fabulous. 

Sir WnUa n Thomson's mirror—the most delicate form of the 


needle system — ^wberc the vibratory motions of an imponder- 
ray of light convey words to the reader ; and his recorder, 
where the wavy motion of a line of ink spirt^ on paper by the 
frictionless rqMdslon of electricity perfora^, the same function, are 
cxdttfiively etnplovcd on our long submarine cables. 

Bakewml, in showed hbW it was possible to reproduce 
faCsimBes of handwHtlng and of drawing at a distance : and, in 
ij^9, E. A. Cowper reproduced one’s own handwriting, the 
moving pen at one station so controlling the anrents fl jwmg on 
wire that they caused a simifiir pen to make similar 
motions at the other distant station. Neither of these plans, 
the former heautlfiilly developed by Casclli and D'Arlmcourt, 
and the latter improved by Eohertson and EtUha Gray, have yet 
f^mdied the pracAcal stage. 

The peifwon of baa been attained by that dtief 

nii«v4 of iW electrical age— ihe spCnkihgtelejphone of Graham 
The reproduction of the huihan voice at a distance, 
rimMcted pnly ^ g^c^aphtctl limits, seems to have reached 
(n human inj^nity • aud though Wdd^thusiasts 
of objects abrbud vkible to the naked 

, no dtie at the present moment ctm that such a 
s^ile In face of the #6hdem that hdve been 
" ' -*atii is impossible. 

— of telegrajlfl^, When bkr thouights 


and wishes, orders and wants, c >uld be transmitted for money, 
was inaugurated in this country by the establishment of the 
Electric Telegraph Company in 1846, and until iS7oit remained 
in the hands of private enterprire, when it was purchased by tbe 
Government, and placed under the sole control of the ^stmarter- 
General. It has Dc?n the fashion to decry the terms of purchase 
of the various undertakings then at work by those who hare not 
understood the questfon, and by those who, being politically 
opposed to the Government in power tit the time, saw all their' 
acts, not onl^ through a gUss darkly, but through a reversing 
lens. A business producing ;i’550,ooo per annum was bought 
at twenty years’ purchase, and that business has now increased 
to ^*2, 000,000 per annum, 6, 000, 000 messages per annum 
have increased to 52,000,000. 

Every post-office has been m.ade a telegraph-office, erory 
village of any size has its wire ; messages which used to cost 
125 , 6 d. arc now sent for 6 d, ; n tariff which was vexatious from 
its unfair variation is now uniform over the United Kingdom, 
and no one can justly complain of err^r or delay in the trans- 
mission of their messages. Silly complaints are somethnes 
inserted in the Press, of errors which the moat elementary know- 
ledge of the Morse alphabet would detect, and little credit is 
given to the fact that the most perfect telegraph is subject to 
strange disturbances from terrestrial and atmospheric causes 
which admit sources of error beyond the control of the tele- 
graphist. A flash of lightning in America may cause an extra 
dot in Europe, and maa may become war. An earthquake in 
Japan may send a dash through France, and /ife would become 
70i/e. A wild goose flying against a telegraph wire might drive 
it into momentary contact with another wire, and might 

beomc Everyone should know his Morse alphabet, 

and people should learn how to write. Nine* tenths of 
the errors made are due to the execrable calligraphy of tbe 
present day. Asa matter of fact, in ninety-nine cases out of a 
hundred, the telegraphist delivers to the editor of a newspiaper 

copy " far more accurate than the first proof of his own leader 
submitted by the printer. The quantity of news transmitted is 
enormous : an average of 1,538,270 words are delivered per day. 
The recent Convention in Chicago, when the Republican party 
of the United States nominated their candidate for the 
Presidentship, created so much business that every ^American 
paper has chronicled this big thing as unique. 500,000 words 
were sent on one night ; but we in En^and, when Mr. Glad- 
stone introduced his celebrated Home Kale Bill on April 8, 
1886, sent from the Central Telegraph Office in London 
1,500,000 words. 

T he growth of business has led vast improvement in the 
carrying capacity oCthe wires. Cooke and Wheatstone required 
five wires for their first needle instrument to work at the rate of 
four words per minute. One wire can now convey six messages 
at ten times the speed. The first Morse apparatus could work 
at about five words a minute ; we now transmit news at the r^c 
of 600 words a minute. In 1875 it was thought wonderful to 
transmit messages to Ireland at 80 words a minute. When I 
was recently in Belfast I timed messi^s coming at the rale of 
461 words a minute. Duplex w<jrking — that is, two messages 
travelling on the same wire at the same time in opposite direc- 
tions, the invention of Gintl, of Vienna— is now the normal 
mode of working ; Edison's quadruplex is common ; and tbe 
Delany system of multiplex working is gradually being intto- 
duced, by which six messages arc indiscriminately sent m either 
direction. The telegraphic system of England has l>een brought 
to the highest pitch of perfection. We have neither neglected 
the inventions of other countries, nor have we l>een chary of 
exercising inventive skill ourselves, and we have received our 
full meed of that reward which is always freely bestowed on a 
British Government official, neglect and abuse. AH parts of 
the civilired world are now united by submarine cables. Tbe 
TUrttes evety morning has despatches from every quirter of the 
globe, giving the news of the orevioits day. 1 10,000 miles of 
cable have been laid by British ships, and nearly 40, 000,000 
of British capital have been expended by private entetprise in 
completing fills grand undertaking. A fleet of 37 ships is matn- 
talned In various oceans t> lay new cables and to repair breaks 
and faults as they occui^ftiults that arise, anong other ctuses, 
from dhabhg on -coral reels, ships’ anchors, the onslaught of 
insects, and earthquakes. The two cal 4 e's cooneeting Australia 
and Java were receotly rimnltaneously broken by an earthquake. 

The politician, unnrfndfui trf the works of the engineer, is 
apt -to apply to the credit of his own proceedings t)ie growing 
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prosperity of the world. The engineer, howeveri feels that | 
steam and electricity in his hands have done more lo economize | 
labonr, to cheapen lifei to increase wealth, to promote inter- i 
national friendship, to alleviate suflfering. to ward off war, to | 
encourage peace, )han all the legislation and all the verbosity of 
th^oUtidon. '' 

Tne railways of this country are entirely dependent for the 
conduct of their traffic on the telegraph, ana the security of their 
passengers U mainly due to the working of the block system, A 
railway — say between London and liath — is broken up into 
certain short sections, and only one tiain is allowed on one sec- 
tion at one time. The prestence, motion, and departure of trains 
are announced and controlled by clecti'ic signals, and the out- door 
signals are g:overned by these electric signals. There are few 
more interesting places to visit than a well -equipped signal-box 
on one of our main railways. The signalman is able to survey 
the lines all around and about him by aid of his electric signals ; 
he can talk by telegraph or by telephone to his neighbours and 
his station-master ; he learns of the motion of the trains he is 
marshalling by the different sounds of electric bells ; he controls 
his out -door signals by the deflection of needles, or the movement 
of miniature semaphores ; he learns the true working of his distant 
signals by their electrical repetition ; machinery governs and 
locks every motion he makes, so that he cannot make a mistake. 
The safety of railway travelling is indicated by the fact that, 
while in the five yeai-s ending 1878 thiiiy-five people were killed 
annually from causes beyond their own control, in the five years 
ending 1887 the average has been reduced to sixteen. One 
person is killed in 35,000,000 journeys made by train. Wherever 
we are dependent on human agency we are suhiect to human 
error, and a serious accident very recently at Hampton Wick 
has shown how the moat perfect machinery may be rendered 
valueless to protect life when perversity, thoughtlcssnesa, or 
criminality enter as factors into the case. 

At the meeting of the Association in Plymouth in 1877, I was 
able for the first time in this country to show the telephone at 
work. Since then its use has advanced with giant strides. 
There are probably a million instruments at work now through- 
out the civilized world. Its development has l>een regularly 
chronicled at our meetings. As far as the receiving pan of the 
apparatus is concerned, it remains precisely the same as that 
which I brought over from America in 1877 ; but the transmitter, 
ever since the discovery of the microphone by Hughes in 1878, 
has been entirely remodelled. Edison's carbon transmitter was 
a great step in advance ; but the modern transmitters of Moseley, 
Berliner, D’Arsonval, He Jongh, leave little to be desired. The 
disturbances due to induction have been entirely eliminated, and 
the laws regulating the distance to which speech is possible arc 
so well known, that the specification of the circuit required to 
connect the Landes End with John o’ Groats by telephone is a 
simple quration of calculation. A circuit has been erected be- 
tween Paris and Marseilles, 600 miles apart, with two copper 
wire* of 64 gauge, weigliing 540 pounds per mile, and convema- 
tion is easily maintained between those important cities at the 
cost of three franc* for three minutes. One scarcely knows 
which fact is the more astound ing~the distance at which the 
human voice can be reproduced, or tiie ridiculously simple ap- 
paratus that performs tne reproduction. But more marvellous 
than either is the extreme sensitiveness of the instrument itself, 
for the energy contained in one heat unit (gramme-water-degree) 
would, according to Pellat, maintain a continuous sound for 
10.006 years. 

The influence which electric currents exert on neighbouring 
wires extend to enormous distances, and communication between 
trains, and ships in motion, between armies Inside and outside 
besiemd cities, between islands and the main-land, ha.s become 
possible without the aid of wires at all, by the induction which 
IS exerted through space uselh On the Lehigh Valley Railway, 
in the United Sutes, such a system of telegraphi^ without 
wires is in actual daily use, 

The conduct of the telephonic business in Errand is Mill Id 
the hands of those who hold the patents, and who maiotaih a 
nrast ligid monopoly. These patents have only a short 
to run,, mud when th^ expire we may expect to find that Ei^aud 
wiU not occupy the very retired posiuon she hdlds now M,a 
teiephone oouatry. Stockholm has more suhscrihen 
London ; there are if, 000 subscribers in and about Kew York« 
white the tmiitber Ip London is only 4851. 

^ectric Ughtihg has become p^uUr, not 'uione from Iho 
beauty of the light itself, but from its great hygienic qualities in 


maintaining the purity and coolness of the air we breathe. The 
electric light need hot l>e more brilliant than gas, but it must be 
more healthy. It need not be cooler than a wax candle, but it 
must be brighter, steadier, and more pleasant to the eye. In 
fact, it can be rendered the most perfect arti^ial illuminant at 
our disposal, for it can illumine a room without being seen 
directly by the eye ; it can be made absolutely steady and uni- 
form without irritating the retina ; it does not poison the air by 
carbonic acid and carbonic oxide, or dirty the decorations fay 
depositing unconsumed carbon ; it does not destroy botdes or 
articles of vertu and art by forming water which absorbs sulphur 
acids ; and it does not' unnecessarily heat the room. 

In our Central Savings Bank in London it has been found, 
after two years’ experience of electric lighting, that the average 
amount of absences from illness has been diminished by^ about 
two days a year for each person on the staff. This is equivalent 
to a gain to the service of the lime of about eight clerks in that 
department alone. Taking the cost at the '‘overtime*’ rate 
only, this would mean a saving in salaries of about JC640 a year. 
The cost of the installation of the electric light was ^3349# and 
the annual cost of working £700 per annum, say a total annual 
cost of ;^io34, Tiie cost of the gas consumed for lighting 
purposes wa^ about £700 a year, so that on the whole there 
was a direct saving of something like ;^266 a year to the 
Governntent, besides the material advantage of the better work 
of the staff resulting from the improved atmospheric conditions 
under which their work is done. 

The production of light by any means implies the consumption 
of energy, and this can he measured in waits, or the rate at 
which this energy is consumed. A watt is 7^4 « part of a h&rs^’- 
It is a very convenient and sensible unit of power, and 
will in time replace the meaningless horse- i>ower. 

One candle light maintained by tallow . . . absorbs 124 watts. 
„ r, wax , . . . „ 94 If 

„ H „ 86 ,, 

,, „ mineral oil . 80 ,, 

„ ,, vegetable oil . 57 i* 

,, „ coal gas . . . „ 68 „ 

,, „ cannelgas . . 48 „ 

„ „ electricity (glow),, 3 „ 

,, ,, electricity (arc) „ 55 „ 

The relative heat generation of these illuminants may be estimated 
from these figures. 

Though the electric light was discovered Davy in 1810, it 
was not until 1844 that it was introduced into our scientific 
laboratories by Foucault ; it was not until 2878 that JabJochkolf 
and Brush showed how to light up our streets effectually and 
practically ; it was not until 1881 that Edison and Swan showed 
now our homes could be illuminated softly and perfectly. Un- 
preparedness for such a revolution produced a perfect panic amow 
gas proprietors ; inexperience in the use of powerfiit electric 
currenLs resulted in frequent failure and danger ; speculation in 
financial bubbles transferred much gold from the p^kets of the 
weak to the coffers of the unscrupulous } hasty legisUtlon in i88k 
restricted the operations of the cautious aad the wise ; and the 
prejudice arising from all these causes has perhaps fortunately, 
delayed the general introduction of electricity ; but now legitlatlon 
has been improved, experience has been gained, confideoce is 
being restored, and in this beautiful town of Bath fifty streets are 
about to be lighted, and we see everywhere aroubd and about Us 
in our English homes the pure glow-lamp replacing filthy gas 
and stinking oil. The economical distribution of the eleUtritb cur- 
rent over large areas is annually receiving a frerii The 

expensive systems defined in the Act of Baduupaent of l88a have 
entirely disappeared. Hopkinson in England, and Edkon In 
America, showed how a third wire redum the weight of coMiUt 
needed by 66 per cent. Goulard and Oibbs in 1882 showed imiw 
the conversion of alternate currents of hi^h electromotive fofce 
to currents of low electromotive force by simple inductioh 
would enable a mere lelegraph wire to convey sufficient ele^ridty 
to light a distant ttelghDourhood economically and effideaw 
Lane Fox in 1879 showed haw the same thing coiil4 be 
secondary batterirw ; and Plants, Faure, Sellooi aud Pirfohavu 
done mwh to prove how batteries ean.1;» ma^e to sOlfU Ihb 
problem of ston^ ; white King and Edmoiu^ have riidwn 
the distribution by scomdary hatter^ m 
ahy as by secondary feaerators, Tfxe GmvmidSt GdllW.tw- 
pany in London have prqW the pi^c^biHiy of m sM 
geoeiator principle by nightly supplying 34, 
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Acotii^i;^ ovet « very w ide ftrea of LondtWJ, The glow-lamp of 
EdiflOiDf whkh m x8Si required 5 watts per candle, has been so 
f$x that it now consumes but 2^ watts per candle, The 

dynamo, which in the same year weighed 50,000 pounds, absorbed 
C5ib horse power, and cost j^400o for tooo lamps, now weighs 
14^000 pounds, absorbs no horse-power, and coats j^soo for the 
same production of external energy ; in other words, its com- 
tnercitiu output has been increased nearly six times, while Us 
prime cost nas been diminished eight times. 

The steam-engine has received equal attention. The economy 
of the electric light when steam is used depends almost entirely 
<m the consumption of coal. With slow-speeil low-pressure 
engines one kilowatt (1000 wotts, xj horse power) may consume 
12 pounds of coal per hour ; in high-speed high-])ressure triple- 
expansion engines it need not consume more than i pound of 
coal per hour. Wilhins and Robinson have actually delivered 
from a dynamo one kilowatt by the consumption of 2 pounds of 
coal per hour, or by the condensation of 20 |>oitnds of steam. 

There is a great tendency to use small economical direct-acting 
engines in place of large expensive engines, which waste power 
in countershafting and belts. Between the energ)» developed in 
the furnace in the form of heat, and that distributed in our rooms 
in the form of light, there have been too many points of waste 
in the intermediate operations. These have now been eliminated 
or reduced. Klectricity can now be produced by steam at j//. 
per kilowatt per hour. The kilowatt-hour is the Board of Trade 
unit 05 defined by the Act of 1882, for which the consumer of 
electric eneigy has to pay. Its production by gas-ctigines costs 
per kilpwatt-hour, while by primary batteries it costs 31. per 
kilowatt-hour. The Grosvenor Gallery Company supply currents 
at per kilowatt-hour ; a 20 candle-power lamp consuming 3 
watts per candle, and burning 1 200 hours per annum, expends 
*82,000 watt-hours or 82 kilowatt-hours, and it costs, at per 
unit, 5or. per annum. If the electricity be produced on the 
premises, as is the cjisc in the Post Gffice, in the House of 
’Commons, and in many large places, it would coit zos. 6/ per 
-annum. I have found from a general averse under the same 
circumstances and for the same light in tlie General Post Office 
in London that an electric glow-lamp costs 22^. and a gas-lamp 
18/. per annum. The actual cost of the production of one candle 
(light per annunt of 1000 hours is as follows ; — 


Sperm candles 
Oos {London) 

Oil (petroleum) 
Electricity (glow) 
Electricity (arc) 


f. d. 
S 6 

» 3 
o 8 
o 9 


iThe greatest development of the electric light has taken place 
‘On liKtard ship. Our Admiralty have been foremost in this work. 
A)l our warships are gradually receiving their equipment. Our 
ocean-going passenger ships are also now so illumined, and per- 
haps it is here that the comfort, security, and true blessedness of 
'the electric light are experienced. 

Railway trains are also being rapidly fitted up. The express 
tfahtt to Brighton have for a long time been so lighted, and now 
several norlnern railways, notably the Midland, are following 
suit Our rocky coasts and prominent landfalls are also having 
iheh lighthouses fitted with brill ianr arc lamps, the last being 
Catherine’s Point, on the Isle of Wight, where 60,000 candles 
throw their bright beams overthe English Channel, causing many 
anxiious mariner to proceed on his way rejoicing, 

Foiitaiwt showed in Vienna, in 1873, that a dynamo was rc- 
xa, U rotted by the energy of a moving machine, 
it would produce emrenu ; or, if rotated by electric cur- 

re^ It move Amelectric current is one form 

'01 tPOIgy* H we have m bei place the enetgy of falling water, 
ttwWe 6nd * dynamo, convert a certain 


the cfSMCgy of into an electric current, 

tlfil to any other 

' a of a motor, convert 
do work by 


Ip, wem we‘W, W' 
MBiiity of tl» 


tniMmlt etf^iie energy of 


r yriUtnyer mKln.; 
‘miy teodi. Urn r 
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the tramway from Portrush to the Giant's Causeway, and those 
of BessbrooK the line from Newry to Besshrook. 

The practicability of the transmissiou of energy by currents is 
assured, and the economy of doing this U a mere matter of 
calculation. It is a question of the relative cost of the trans- 
mission of fuel in bulk, or of the transmission of energy by wire. 
Coal can be delivered in London for 1 Zs, per ton. The mere 
cost of the up-keep of a wire betwee)/ Wales and London to 
deliver the same amount of energy would exceed this sum ten- 
fold. For long distances the transmission of energy is at present 
out of the question. Thero can be no doubt, however, that for 
many purposes within limited areas the transmission of energy by 
electricity would be very economical and effective. Pumps are 
worked in the mines of (he Forest of iJean, cranes are moved in 
the works of Easton and Anderson at Kritb, lifts are raised in 
hanks in London ; water is pumped up from welU to cisterns in 
the house of Sir Francis Truscott, near East Grinstead ; veotila- 
)ion is effected and temperature lowered in collieries ; go^, 
minerals, and fuel can he transmitted by telpherage. 

The transmission of power by electricity U thus within the 
range of practice. It can be dtstribute<l during the day by the 
same mams which supply currents for light by night. Small 
industries such as priming, watch-making, tailoring, boot- 
making, can l)e cheaply supplied with power. It is thus brought 
into direct competition with the distribuifon of power by steam 
as in America, or by air-pressure as in Paris, or by high-pressure 
water os in London ; and the relative advantages and economies of 
each system are simple questions of calculation. When that evil 
day arrives that our supply of natural fuel ceases, then we may 
look to electricity to bring to our aid the waste energies of 
Nature — the heat of the sun, the tidal wave of the ocean, the 
flowing river, the roaring falls, and the raging storm. 

There is a mode of transport which is likely to create a revolu- 
tion In the method of working tramways. A tramcar carries a 
set of accumulators which supplies a current to work a motor 
geared to a pair of wheels of the car. I hc weight, price, day’s 
work, and life of the accumulator is curiously the same as the 
weijght, price, day’s work, and life of horseflesh ; but the cost of 
maintenance, the liability to accident, and the chances of failure 
are much less. Although very great improvements in batteries 
have been made, and they are now really practical things, 
sufficient experience in tramcar w orking has not yet been obtained 
to say that we have reached the proper accumulator. Nor have 
we yet acquired the best motor and mode of gearing ; but very 
active ex^riments are being carried out in various countries, 
and nothing can prevent their ultimate success. 

The property which the electric current possesses, of doing 
work upon the chemical constitution of bodies so as to break up 
certain liquid compounds into their constituent parts, and 
marshal these disunited molecules in regular order, according to 
a definite law, upon the surfaces of metaU in contact with the 
liquid where the current enters and exists, has led to immense 
industries in electro-metallurgy and clcctro-plating. The extent 
of this industry may be gathered from the fact that there are 
172 electro-platers m Sheffield and 99 in Birmingham. The 
term electro- metallurgy was originally applied to the electro- 
deposition of a thin layer of one metal on another ; but this is 
now known as electro-plating. 

In 1839, Jacobi in St. Petersburg and Spencer in Liverpool laid 
the foundations of all we know of these interesting arts. Copper 
was deposited by them so as to obtain exact reproductions of 
coins, medals, and engraved plates. The first patents in this 
country and in France were taken out by Messrs. Elki^ton, 
of Birmingham, who still occupy the foremost position in the 
country. 

The fine metals, gold and silver, are deposited in thin layers 
on coarser metals, ftuch as German silver, in immense quantities. 
Christofle, of Paris, deposits annually six tons of silver upon 
articles of use and of art, mid if the sur/aces so electro- plated were 
spread, out cootioaonfly they would cover 140 acres. 

, The whole of tfie cqpper plate-* used in Southampton for the 
production of our splendid Ordnance Survey maps are deposited 
by copper on matrices taken from the original engraved plates, 
which are thus never injured or worn, are always ready for 
addition or correction, while the copies may be multiplied at 
pieasUM eud xenewed at will. 

Nichei-pUting, hy which the readily ojddizable metals like iron 
are coated With a th|n layer of the more durable material nickel, 
is becofUmg a great inK&stry ; the trappings of harness, the 
exposed pi^ of mhchbiery, the fittings of c>cltt and carriages, 
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and iunttmcmble arUeies of doily m being rendored not only 
more datable but mm beontUoK 
The etectro^eo^Uon of kout os devised by Tooobi and IClein» 
in the hoado of n'oC^ Rqberu- Austen, F.R.S., is giving vevy 
intemstingmalu.^ The dlw for the coins which were struck at oar 
Mint on tMocedU^n of the Jubilee of the Queen were modelled 
in ^UstaTi reproduced in intaglio bv the electro-deposition of 
copper, and on these copper moulds Wd excellent iron in Uyera 
of aemrly •At <^ 90 - inch was deposited. 

Ike exact processes of measurement, which have led to such 
vast knprovemeDt in our telegraphic systems, have scarcely yet 
penetrated into this field of electrical industry, and little U known 
at pme^ of the exact relations of current and electromotive 
force with respect to surfaces of coniact, rate of deposit, and 
resistanoc of 1i(}uid8. Captain Sankey, K.£., of the Ordiuince 
Survey Department, has done some useful work in this direction. 

The extraction of metals from their ores by deposition has 
received wide implication in the case of copper. In 1871, 
Elkington proposed to precipitate copper electrolytically from 
the fused sulfide of c >nper and iron known to the copper 
smelter as "regulus/* Tnin copper plates were arranged to 
receive the deposited copper, while the fomgn metals, in^tiding 

S and silver, fell to the bottom of the solution, the process 
specially applicable, it was supposed, toregulus containiog 
quantities of ihepr^ous metals. 

The electrical purincation of copper from impure blister 
copper ” or ** blade copper ” has abo made great progress, and 
special dynamos are now made which will, with an expenditure 
of ICO horse-power, precipitate 18 tons of copper per week. 
The itapore metal is made to form the anode in a bath of 
sulphate of copper, the metal being deposited in the pure fbnn 
on a thin copptf cathode. 

It was not very long ago considered very economical to 
absorb O 85 horse-power in deposltisig i pound of copper per 
hour, but now the same work can done with 0*3 horse- 
power. 8lr. IWker, of Wolverhampton, has done goM work 
in this dhectioa, and bis dynamos in lleasr a, BjUon’i works have 
revolntlonieed this pvocass of pumfioation. 

Be^ at Swansea and Widnea, immense quantities of copper, 
in ^he of the restrictive orarations of the Copper Syndicate, 
aie being produced by ^ectro-dep<»ition. Copper steam- 
^pes Aer hellers are now being l^lt up of »eat firmness, 
fine temure, and considerable strength, by Mr. Elmore, at 
Cockeraiouth, by electro-deposition on a routing mandril in a 
tank of sulphiue of co]^r. By this prooess one ton of copper 
requires only a little more than one ton of coal to raise the 
reuidilte steam to complete the operation* 

It ha< been shown that the electrolytic reparation of silver 
from geld by similar methods is iierfcctly practicable. The 
value of the material to be dealt with may be gathered from the 
foot, oommiinicated to the Gold and Silver Commisnon now 
sitUi^, that nearly 90,000,000 onnees of silver are annually 
produced, and the greater portion of this amount coataina 
sttfi&cient gold to render refiniog remuneretive. Althougfh fh^ 
old acid process of ** parting ” gold and silver remains pratmchfiy 
uadUttn-boid, there seems no reason to doubt that in the Attufe 
electric!^ will render us good service in this direction, ps it has 
already in the purification of copper. 

Th«i<e is not much aonaJ pr<.;grMsto repoit in 4he extraction 
of gold fiom its ores by electrical itfency. Thercrmvwsion of 
gold into chloride of ^old by the direct, or indirect, action of 
chlorine » employed on a very large scale in [Grass Valley] 
Califonda and clsewherci. This fact has led to well-dkacied 


efforts to obtain, by ^Is^ttrolytic action, chlorine whidi should 
attack finely-divided gold suspended (with the crushed ofc) in 
the solution from which the chtodne was generated, the gold, so 
converted into soluble chloridic, then being doposkea ps a 
cathode. The process woold eetm to be bopefiil, but Is not as 
yet a serious rival to the orduary chlorittaiion meih jd. 

In the amalgamation of gedd ores much is expected from the 
possibltity of koeping clean, by the aid of hydrogen set IkWfe by 
the eleetric mam, the sarfaoes of amahsamated plates. 

It Is well kstown that the late Sir W, Siemone considarod 
that the oleoMttre might render good service in ^ fiisw nf 
metals witb high moking-points, and he actually sneoesdod 
melting otmees of platinum in ten minutes with his eleii^islos^ 
fiuwaen. The mmSnmu were interrupted by his aalijBwIy 
desdh i bsit in tbelwfids of Meeirs. Cowles the eleotHic asc pro- 
doced by and 500 hoiseTpower is being «m]dM4 

«a a very Iftsgie noak for the ieolatfon of ainaiijattm pmm 


corundum,), which is immediately alloyed (i« rffW) with eppper 
or iron, in the presence of whidi it is s^amted. 

The heatiw power of lari^ cunents has been dieil by fiUha 
Thomson In the United States, and by Bemaadbs in Rnsain, to 
W0I4 metals, and it U said to weld ste^ wlfhont nffoctlnf hs 
hardness. It has even been piop<Med to wi^d iogelher in owe 
continuous metallic mass the rails bf our rhitwnySj so as to 
dispense entire^ with joints. 

The production of chlorine for bleaching and of iodinie for 
pharmaceutical purposes, the ecnnomical produttlOB of oKjwen, 
are also processes now dependent on ihe electroiytic effect of the 
electric current. 

It is almost impossible to enumerate the variovs general 
purposes to which electricity is applied to minister to emr wants 
and 10 add to our comforts. Eveiyone appreciates the eSfont 
efficiency of the trembling electrk bell, while all will sooner or later 
derive comfort from the perennially self-winding electric clock. 
Correct mean time is distributed throughout the length mid 
breadth of the land by currents derived from Greenwich 
Observatory. 'Warehouses and shops are fitted with automatic 
contact pieces, which, on any undue increase of temperature due 
to fire, create an alarm in the nearest fire-station ; and at the 
comer of most streets a post is found with a face of ghtss, whicb 
on being broken enables the pssser-hy or the watchful and active 
policeman to call a fire-engine to the exact spot of danger. Our 
seweis are likely to find in its active chemicsj agency a power to 
neutralize offensive gases, and to purify poisonous dangeroiw 
fittida. The germs of diseases are attacked and destroyed in 
their very lairs. The nhysician and the surgeon trust to it to 
alteviste pain, to cure disease, to effect organic changes l>mvd 
the reach of drugs. The photographer finds in the bruUairt 
rays of the arc lamp a miniature sun which enables him to pursue 
his lucrative business at nij:h% or during the dark and dUmml 
hours of a black November fog in London. 

We learn from the instructive and interestir^ advertising 
columns of our ncwspaiier that “ electricity is fffif,*’ and we 
may perhaps read in the more historical portion of the same 
paper that by a recent decision of the Kew York Tarli ament, 
** electricity is death,” It U proposed to replace hanging by the 
more pabless and sudden application of a powerful efoctricid 
charge; but those who have assisted at this hasty legislation 
would have done well to have assured themselves of the 


practical efficacy of the proposed process. 1 have seen the 
difficulty of killing even a rabbit with the most powerful induc- 
tion coll ever made, and 1 know those who escaped and 
recovered from the stroke of a lightning disdiai^. 

The fact that the energy of a current of eleotrici^, cither 
when it flashes across an air space, or when it is forced through 
high resistance, assumes the form of heat of very high tempera- 
ture led early to its employment for firing charges of gunpowder ; 
and for many civil, military, and naval ptvrpoaes It hti beeome 
an invaluable and esseotjal agent. Wrecks like that of the 
Gmg>e at Spdthead were blown up and destroyed ; the faces «f 
difls and quarries art thrown down ; the gaUertes of mines and 
tunnels are excavated ; ol)Structions to navlgatton like libe 
famous Hell Gate, near New Yoik, have been removed; tiine- 
guns to distribute correct time are fired . by emtents from 
Greenwich at i p.m. In the operations of war, both for attadb 
imd defence, submarine mining has become the most haporCfoit 
branch of the profession of a soldier and a sailor. Big gUM, 
whether singly or in broadside, are fired ; and torpedoes, ^00 
an enemy’s snip unwittingly is placed over them, are expkkM 
by currents of eleciricity. 

An immense amount of research has been devoted to desIgA 
the best form df fuse, and the best form ofneneraiicn of 
to nse to estplode them. Gun tubes for fiAig cotnlm of « ihoh 
piece of very fine wire embedded in some eatfiy foafofo com- 
pound, while ihe best form of foie is ih^t known fisihe AM 
thee, which is composed of a small, compact nmw of copper 
phosphide, cdppcfr sulphide, and pmasslum chlonme. THe 
tice in the, use of generaton Is very varioMi. 'Sdfne, liN 
Austrians, lean to ihe high-tension cfihcm of vtitfe 
others magueto-macbfoes t offfors use the ffyasano ; vilM 
we in EtuEland diog with much fondness to the 
baUery* ^ee the electric has Idso'becottie vsefitt vifosChfo^ 

adistmt fo war purpo^, it is prtfoehle tb4 
ml become of tmmeime service. InffMIroa 

atmwrnheric electr^ty are a source tiff giM 
a^dautal e»p1osians tff fuses ha^e otemfSi, Alt . 
rnmi k fosc At one wad Whs M 
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siloTig of the Thames at Woolwich* The fuse was ex- 

dttitihff a heavy thunderstorm* The knowledge of the 
ce^ttses of a danger is a sure means for the production of its 
i^enKivah m^of lts reduction to a minimum. Low- tension fuses 
and! rontoltic cIfcuIU reduce the evils of lightnings but have not 
removed them- Should war unhappily break out again in 
Epfra^ suhmanne mining will play a very serious part ; and, 
paradoxical as it may appear— as has been suggested by the 
French Ambassador^ M. Waddington — its very destructiveness 
ultimately prove it to be a powerful element of peace. 

U aeema incredible that, having utilired this great power of 
Nature to such a wide and genentl extent, we should be still in a 
state of manlAl fog ai to the answer to be given to the simple 
question— What U Electricity ? The engineer and the physicist 
are completely at variance on ihl-i point. The engineer regards 
electricity, Hkc heat, light, and sound, as a definite form of 
^iwjgy, something that he can generate and destroy, something 
that ne can piny with and utiliee, something that he can measure 
and apply. The physicist — at least some physicists, for it is 
difiicuU to find any two physicists that completely agree with 
each other — regard electricity as a peculiar form of matter per- 
meating alt space as v ell a* all substances, together with the 
luminirerous ether, whicdi it permeates like a jelly or a sponge. 
Conductors, according to this theory, are lioles or pipes m this 
jelly, nod electrical generators are pumps that transfer this 
hypotheticol matter from one place to another. Other physicists, 
following Edlunci, regard the ether and electricity as identical ; 
and some, the disciples of Helmholtr., consider it as an integral 
constituent of Nature, each molecule of matter having its own 
definite charge, which determines its attraction and its repulsion. 
AIL attempts to revive the Franklinian, or material, theory of 
electricity, have, liowever, to be so loaded with assumptions, and 
so weighted with c*'ntradictions, that they completely fail to 
remove electricity from the region of the mysterious. It is 
already extremely difficult to conceive the existence of the ether 
itself as nn infinitely thin, highly elastic medium, filling all space, 
employed only as the vehicle of those vmdulat^ ry motions that 
give us light and radiant heat. The material theory of electricity 
reouires M to add to this another incomprehensible medium 
erooedded or eiitan|jled. in this ether, which is not only a medium 
for motion, but whudi is itself moveii. 'fhe practical man, with 
his eye and his mind t mint'd by the stem realities of daily ex- 
perience, on a scale vast comonred with ilmt of the little world 
of the laboratory, revolts from such wild hypotheses, such 
unneoesem and incunceivable conceptions, such a travesty of 
the beautiful siffipticlty of Natunt^ 

He has a dear conception of electricity as something which 
has a diathtet objective existence, a bich he can manufacture and 
sell, and something s^hich the unphilofiopbic anrl ordinary mem- 
ber of society can buy and use. The physicist assorts dog- 
matically : Electricity may possibly be a form of matter — ifc is 
not a form of energy." The engineer says distinctly i ** Elec- 
tricity h a fharm of raeigy — it not a form of matter ; it obeys 
the two peat davelopiiients of the present generation^ne 
meehanical theory of heat and the doctiine of the coaservation of 
enei^gy." Tliera must be acne cause for this straape difieponfie 
of views. It is dear that the (foyxicist and the a^neer do qot 
apply the term electricity to the same thin& Tile enf^neer s 
etaetricHy is b real form of energy ; the specuTntive philosopher’s 
electricity is a vague subjective unreality which is onlv a meiv 
footer of esdigy and h not ener^ itself. This factor, like force, 
grgwity, Ufo, mnSt; at any rate tor the present, remain unhnow* 
ahfow k fo out hnuwQ what force is ; neiUier do we know what 
ts m^fUer or gravity. The metaphyWian is even doubtful os 
r^gptads time Ad spouse. Cue knowledge of these things oom- 
meiiCM adih a definition. The human mind is so unimpiession- 
ntde, or language is sorpoof, that writers often cannot agree even 
on a d^Mnopi TlVe definirion of energy le ent'aeity for dolay; 
woth. Wn praotkoi men aae qvrite ebncent to atirt from tfua 
fittodel Uito^ and to aiffirm tha^ pur efoctricUy U a soaMahias 
whidt hoe a capacity for dufog, work; it is a peculiar form of 
etv^!|f. Th# physidat nsay MwcqUtfras much as he pleases on 
the ii^e m wii* nne. He mey take the factors of energy, 
add Ffor heakN eoiiient ; but he must 

itot phb eif fifottsen <s^ It Is a phy that ive 

atnnot. «w dMfomnew by dMohm the term; Phyateistv 
^ the feMe efcmigy, wWchwan 
^ ^ modtnm nsottal undrmaads ; 

he qtihe content ir speculative physicists 
their subjective an- 
hvfrmh£lnoVy efoctricul mattlr, by shtde other term, tf 


U be necessary to mentally create some imaginary matter to 
fulfil the assumptions and aOstmetions of their mslihtmaticM 
realizations, let thcfo call it coHfovtHsm or dcctr^ti^ SrUd not 
appropriate the engineer’s generic and compreheiisive tertn 
electricity. The engineer finds the motions of existing matter 
and of the ether quite suftkient to meet all his reqniiemettts^ and 
to account for all those phenomena whioh ore colied eJactrii^ 

It seems paraduKlcal to assert that two unrealities caa fiSHrm a 
reality, or that two subjective ideas can become an objective one ; 
but it must be remembered that in all electrical phenomena that 
which makes them real and objective is derivea from without. 
The motion that reodera on electrical phenomenon erident is im- 
parted to it from some other form of eaeigy. The dckctrine of 
the conservation of energy asserts that ener^ is never destroyed, 
it is only transformed — work must be done to render it evident. 
No single electrical effect can be adduced which is not the result 
of work done, and is not the equivalent of energy absorbed. 
The engineer's notiorn of work^-aomething done agmatt vestst- 
^ce ; and of power — the rate at which this change of condition 
is cfiected— are the key-sfones to the conception of the character 
of those great sources of power in Nature whose direction to the 
uses and convenience of man is the immediate profession of those 
who generally assemble together in Section G of ihe British 
Association to discuss the ** practical application of the most 
important principles of natural philosophy, which has, in a con- 
siderable degree, realized the anticipations of Bacon and changed 
the aspect and state of affairs in the whole world.” 

I cannot pretend to have given a survey of all the practical 
applicaiions of electricity. I have but briefly indicated the pre- 
sent area ooverttl by the new and rapidly-growing industry. 
Five million people upon the globe are now dependent on the 
electric current for their daily bread. Scarcely a week passes 
without some fresh practical application of its principles, and we 
seem to he only on the shore of that sea of economy and bene- 
ficence u hich expands with every new discovery of the propertiee 
of electricity, and spreads already beyond the mental gritfp of 
any one single worker. 


NOTES, 

The Geological Congress held its first meeting on Tueedny* 
This week we print the President's address and one of the papers 
referring to one of the most important points to be considered by 
the Congress— that of the Crystalline Whists. 

INTELUGKNCK has been received of the murder of Bfajor 
Barttelot, Mr. Stanley’s principal lieutenant, by some of hi# 
followers when on the way from Stanley Falls with remforcements 
for his chief. 

The sudden death of Mr. R. A. Proctor was announced from 
New York about a week ago. In addition to his writing# on various 
subjects for which his name is so widely known, he made some 
contributions to the science of astronomy. Some of his books, 
such as Saturn and its System,” his various star atlases, and 
others we might name, have a {)ermaaent value. Elected a 
FellDw of the Royal Astronomical Society in iSfiG, he was 
for a considerable number of years the most prolific contributor 
to the Monthly Notices, In 1871 he was elected to the Council, 
and in the following year was appointed the Secretary. 
The determination of the rotation- period of Mars, a chart 
of Mart from the collation of a large number of drawings, 
a long series of papers on transits of Venus, especially the tran- 
sits of 1874 and i88a, and a yet more inaportnnt series on Ac 
distribution of stars and nebulae, were cornmunicated to the 
Astrofiomieal Society during these years. It was in connection 
with ihfis last series that hh greatest single work for science was 
carried out, vis. thc copytng ot the 304, 198 stars cf Argelander’s 
** Survey of Ae Nonhem Heavens,” on an equal surface" 
projection chart, a work that involved 400 hours of the most 
unremitting fobour. ' Mr. Proctor was bom at Chelsea, in March 
1834, and was educated at tClng's College, London, of which ho 
was Honorary Fellow, and at St. John's College, Cambridge, 
where he won a Hdiotarship. He obtained his degree of B. A. 
in i860, and bis name appears as twenty-third in the IfVraiigter s 
Lfrh 
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< Am «mdng ctw in orgnnic cHnmtstry, admitted to tb« 
tequirements of candidates iw tHe aecoad B.Sc. examination of 
Z^ndon University, vrlllbe hdd at the Birkbeck Institution in 
Chancery Lane during the ensoiag session, under the direction of 
Mr. Frank GosslinSirB.Sc. This is said to be the first session 
in wbi^ an evening class of this character has been attempted. 

* Tme Tifttes publishes the following interesting letter from Sir 
William Thomson **In the Times of to*day (Sept. 14) I see a 
s^ght mistake regarding myself. A British Association corre^mn- 
dent says 9—* Sir William Thomson in one paper cautiously made 
what Mmst be regarded as a somewhat noteworthy admission with 
reference to Clerk-Maxweirs fundamental theory of electro- 
magnetic induction for incomplete circuits He considered 
Maxwell's fundamental assumption ** not wholly tenatde. ” In all 
his previous utterances on the sublet Sir William has described 
Maxwell's views on this point as completely untenable.' The 
paper referred to by your correspemdent is my very first public 
utterance on the subject. Aft uncorrected proof of it in print 
contained the words * wholly untenable, ' which I altered to ^ not 
wholly tenable ' in reading It to the Section. The fact is, 1 had 
always believed in the possiMllty and probability of Maxwell's 
assumption (he only gave it himself as probable or possible) until 
a few months ago, when I saw what seemed to me reasons for 
wholly discarding it ; but two days of the British Association 
before my paper was read gave me the inestimable benefit of 
convenatron with others occupied with the same subject, and of 
hearing Prof. Fitzgerald’s presidential address in Section A, by 
which I was helped to happily modify my opinion. In your 
leading article of to-day 1 do not think you quite do justice to 
the British Association and its objects. Your remarks would be 
wholly just, and, if I may be allowed to say so, very ntefiil criti- 
cism, -if the British Association were an institution for teaching 
ascertained scientific results to its members, or *an annual 
setting forth of scientific wares.’ Its object is the advanoetsent 
of science. It contributes to this object in a manner altogether 
peculiar to itself, by bringing together from all parts of the worid 
persons engaged in scientific investigation, and giving them facilities 
for helping one another in their work, and being helped in it by 
what they see and hear. No one not following the course tA 
scientific progress, generally or in some particular department, 
can fully understand how much of practical impulse is owing to 
riie Brhisb Assodatkm for the contributions made in the coufSe 
of the year to the scientific societies and magazines, in which 
achieved results of scientific invesrigation are recorded and 
puhUsbed.” 

In the last issue of the Transactions of the Seisiiralogical 
Society of Japan, Prof. Milne discusses the eflbets of earth- 
quakes on anuuals. The records of most great earthquakes 
f^or to the oosuteraation of dogs, horses, oaMie, and other 
domestic aohuals. Fish also are frequently aiiratfxl. In the 
L^on eaithqBake of 17491 roach and other fish In a canal 
showed evident signs of confusion and fright ; and sousethnes 
after an earthquake firii rise to the surface dead and dying. 
Daring the Tokio earthquake of 1880, cats inside a house run 
about trying to esoqre, foxes basked, and hotses tried to kick 
down ^ boards coafining them to their stables. There can, 
therefore, be no doubt that animats know something unusual 
and terrifying is taking place. More interesting than these are 
the obeervatlons showing that animals are agitated just before 
an earthquake. Ponies have been known to prance about their 
stalls* pheasants to scream, and frogs to cease croakiiig suddenly 
a little time before a shock, as if awnre of its coming. The 
Japanese say that moles show their aghation by burrowing. 
Geese^ pigs, and dogs appear more sensitive in this respect thttn 
other animals. After the great Calabrian earthquake it is said 
that the peig^iiag of a horse, the braying of an ass, or the cackle 
of a goose was sufficient to cause the inhabitants to fly from their 


IJS^, m'mrn: 

houses^ expectation vA a shock. I^atiy bltdrfite «aU to ehbw 
their tmeashiess befttre an eaithqitake by hidklg: tbeh ftaads 
under their wfiegB ahd'behaving in an uimtuei Minaer. At tfae 
time of the Calabrian ahock HtHe fish lUce seialfwels (ZYfvrrriKO, 
which ere UBirily berried in the sand, ckme to the top and were 
csir^t in fnutthiktes. In South America eertala quadrupeds, 
such as dogs, cats, and jerboas, ate believed by the peoj^e to 
give warning Of oomiig danger by their resttessim ; sometbneR 
immense Books of seacards fly inland before an earthquake, as 
if alarmed by the oommencemeot of some sub-oceanic dis- 
turbance. Before the shock of 1835 in Chili all the dogs ate 
said to have escaped from the city of Talcahuafto. The ex- 
pianation ofifbred by Prof. Milne of this apparent prescience is 
that some animals are sensitive to the small tremors which pre* 
cede nearly all earthquakes. He has himself felt them some 
seconds before the actual earthquake came. The alarm of 
intelllgenl animals would then he the result of their own 
experience, which has taught them that small tremors are 
premonltoty of movements more alarming, ^gns of alarm days 
before an earthquake are probably accidental ; but sometimes 
in volcanic districts gases have emanated from the ground prior 
to earthquakes, and have poisoned animals. In one cose Urge 
numbers of fish were killed in this way in the Tiber, and at 
Follonica, on the morning of April 6, 1874, "the streets and 
roads were covered with dead rats and mice. In fact, it seemed 
as if it had rained rats. The only explanation of the pbenomeno>n 
was that these animals hid been destroyed by emanations of 
carbon dioxide." 

The Animals’ Institute, which was opened this season for Che 
reception of patients, has already more than verified its founders* 
fears that much suffering amongst the animals belonging to the 
poorer dosses existed without proper surgical treatment. The 
gratuitous advice daily given is talwn full advantage of, and the 
hospital accommodation for the worst cases is now too small to 
admit the great number of horses, dogs, cats, and other animals 
requiring treatment. A supplementary institution is wanted— a 
sanatorium in the suburbs— where cases requiring prolonged 
treatment can be kept. Such an addition, if the preliminary 
expenses were forthcoming, can. it Is stated, be made quite sdf- 
Bupporting. The scheme is to be placed on a practical basis at 
a meeting to be held in the Committee-room of the Animals' 
Institute, 9 Kkiiieiton Street, Belgrave Square. 

A Committee of the American Aasodation pKoeoted a 
report at the last meetitig on the tead i ta g of pbyncH in ukoob, 
a*liidk was very fully disenssed by both riie Maihematioai and* 
Plqirical Sections. The fbllowfng is a amamary of the mem- 
mf»daHoas s-(i) It is the ojfiinon of the Cokenrittee that In- 
strnctloa In physics may begin, edth profit, in what is gmmtly 
known aa the "grammaT school." At the same rime it i»- 
decidcdly opposed to any geeeml reoammendarion that it miut 
begin there or hi the priraary school. Here, perhaps more than 
anywhere ebe, nearly c^mytlrfqg depends upon the teacher. One 
who has a strong liking for and a good knwwle^ of physics 
will be tolerably certain to succeed, while another not thus 
equipped for the work is equafty oertain-to fail, (a) When 
tai^t in the grammar eehe^ and fay a competent teacher, it 
sbodld be done mainly by and through iUustrative experiments. 
These may be of the eharaOrer, invrihriug and exhibit- 

ing some of the fuhdamfantal priadpita Of sciehoc ; and ihey 
should generalty be mode by the teacher, the ^(^dls belo^ en- 
couraged to repeat, to vary, and to extend. <3) Inmi^ discai^ 
sion of the character of instruction la p^tystos in fke hl^ adlodi, 
one fact of the utm ost importaime mast nbt be lost oC It 
U that a large majority of die young people who am edwmted hi 
this pnbHc schools receive their final sdidasfk In the 

high school. Its course of study must fie in bvrtnoiqf 
fiscr, such provision os may be made for those whoepoihimtlfea^ 
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On the 85th ult. the amnt of Mount Elburz was aacoMsfully 
ma 4 e from the eirtern side by Baron Ungem Sternbeig. In 
notHyiDg the event to the Tiflis Geographical Society, the Baron 
•wrote “ We set out at n, and crossed the glaciers Iriktchat, 
Atrium, and Djelkacughenkest hitherto deemed impassable* 
At an altitude of 15,800 feet, 1 discovered an enormous crater. 
We passed three nights on the mountain at the different heights 
of 9000, 14,760, and 17,840 feet. At the last height we passed 
through a terrific snowstorm. Breathing was not attetuled with 
any great difficulty. The health of my men has been good. I 
descended by the southern side between Azaou ahd the Terek.' 

The last number of the Mitth^ilungcn of the Vienna Geo- 
graphical Society has an account by Dr. Svoboda, surgeon of 
the Austrian min-of-war Aurora, of a visit of that ship, in 1886, 
to the Nicobar Islands. This archipelago is usually divided 
into three groups; — (i) The northern islands, including Batti 
Malive and Kar Nicobar, which are thickly populated, tome of 
them being flat and some mountainous and covered with jungle. 
Kar Nicobar has an extensive trade with Ceylon, Burtnah, 
Singapore, and other places, os many as between forty and fifty 
vessels touching there annually ; in fact, its harbour is never 
without a number of ships. The sole industry of the inhabitants 
is the manufacture of a kind of earthenware vessels, which they 
export to the other islands. Other articles of trade are ‘‘birds'- 
nest soup” and ** sea* slug soup.” The two other groups of 
islands arc (2) the southern islands, including Great and Little 
Nicobar, and (3) the central islands, comprising Teressa, 
Chowra, Katchall, Bompoka, and many others. The inhabit- 
ants of these groups of islands are divided into classes by Dr. 
Svoboda — namely, the Shab-Dwa, the inhabitants of the coast, 
and the Shora-Pen, the inhabitants of the interior. The first 
class resemble the inhabitants of Siam and Burmah, but are, in 
general, lighter in colour than these latter. Both men and 
women are repulsive in appearance, though they are generally 
well formed. The men wear very long hair, and are, as a rule, 
weak and inactive. Visitors to the islands find it almost im- 
possiMe to see the young unmarried women, so closely are they 
kept from the eyes of strangers. Prior to the vi^t of Dr. 
Svoboda, nothing appears to have been known of the Shorn* Pen, 
or inhabitants of the interior. They are completely isolated 
from the outer world, and ore very simple in their habits. The 
men wear the ordinary loin-cloth, and the women a short skirt, 
usually their own manufacture, and the only personal ornaments 
they have ore small pieces of bamboo in their ears, and neck- 
lace of variously coloured gloss beads or ribbons many feet in 
lengrii. Malaria is very prevalent in all the islands, especially 
in October and November, when the weather is hot and dry. 
Dr. Svoboda gives a short historical and geographical sketch of 
the islands, which now have a population of almt 6000 souls. 
The Arabs appear to have been the earliest visitors, and Portu- 
guese vessels used to call there freqoendy ; indeed, many 
Portuguese words are in common use amoggst the natives. 

A PAPER was recently read before the French Academy of 
Sciences by IM. Emile Lavosseur on the “ Centenarians now 
living in France." The first reports collected gave the number 
of persons who had attained 100 years and upwards os 184, but 
on these being thoroughly sifted no less than 101 were struck out, 
leaving 83, but even of these there were no fewer than 67 who 


ilndio in edUege or university being merely incidental. It is 
impoitont that the student should be made acquainted, if only to 
4 Hmited eatent, with the methods of physical investigation, 
ifOd he should be able himself to plan and carry out an 
attack upon some of the simpler problems of the science. It is 
betieved that these two very desirable ends con be reached without 
giving on undue share of the time and energy of the pupil to 
the Subject. Assuming the high -school course to consist of four 
yenrs of three terms each, it is recommended that the study of 
physics should begin not earlier than the third year; that it 
should continue through one year, three hours a week being de- 
voted to it, not including the time necessary for the preparation 
of the lesson ; and that during the first two terms the work 
should be text-book work, accompanied by illustrative experi- 
ments performed by the instructor, and made as complete as his 
facilities krill allow, while the last term should be devoted to 
simple laboratory exerciaei. (4) As to the requirements in 
physics for admission to college, it is sufficient to say that the 
course indicated above should be required for admission to any 
and all courses in the coll^. (5) In reference to the mini- 
mum coarse in physics for undeigrmduate students in the college, 
it seems important to avoid the mistake of asking too much. 
In many institutions, and especially where the elective system 
largely prevails, it is possible at present for students to receive a 
degree and yet be almost absolutely ignorant of the principles of 
physica. It is the judgment of the Committee that a knowledge 
of this sufajeot constitutes one of the necessary and essential 
elements of a liberal education, and a minimum course of three 
hours per week for one year is recommended. What is usually 
known as the junior year is most deairatde for this work, os at 
that time the student is sufficiently mature and has acquired the 
necessary trainiag in mathematics to enable him to make the best 
bf what he does. It is recommended that this course consist 
entirely of text-book and recitation work, with lectures fully and 
completdy illustrated on the professor's table. The report is 
signed by T. C. Mendenhall, William A. Anthony, H. S. Corboit, 
and F. H. Smith. 

A coRRBSPoNti&NT of the TVWkj calls attention to the new 
light DOW shown from the St. Catherine's Point Lighthouse in^the 
Isle of Wight. Prior to May i of this year the light exhibited 
at this station was described in the Admiralty list Of lights as 
fixed, dioptric, of the first order. Tliat is, it was a steady tight 
produced by means of a six-wiek concentric oil -burner re- 
fracting lenses, the intensity of the naked flame being equal to 
about 730 oandles. At the present moment an CTectric lig^t is 
being shown at St. Catherine's, the fUlLpoWer intensity of Whiefa 
was recently stkted by CkptaSn Sydney Webb, the Deputy 
Muster of the Trinity House, to be equal in iHuiUinating power 
to rather more than 7,000,000 candles. Every half-nunute, in 
foot-— for the light now revolves— a mighty flash of fiVe seconds' 
duration sw^s around the sea, and is visible at distonOU tWat 
seem incredible. To effect this improvement a commodious 
engine-ropm has, been added to the establishment, containing 
three ^eam-engines of la horse-power each, and two magneto- 
electric machines of the De Meritens type. Two of the en^nes 
are intended to work for lighting purposes, the third being meaut 
to work the fog^ri^ol. As u precaution against break-down, 
everything is in duplicate at least, with on oU light in reserve at 
well Th«,only other lighthouaes on the coast of England as 
which the light is produced by means of .etectiicity are Souter 
Faint, on the coast of Puiham, Iretween the moutlis of the 
7 >i>e and the Wear ; the South Foreland, Uud at the Lizard, on 
the Cornish coast. But the St Catherine’s light is ten times 
more powerful than the best of them, the ; ope on Souier Point. 
It it, in foot, one of if not, os fo Mfovud, actually the most 
foteuMly brilliant li^t in exUtenoc, and erne wKieh the coun- 
try ,aa a maririme nation may certobfy feel proud to see on its 


could not furnish adequate proof of fteir reputed age. la^ 
cases, however, authentic records of birth or baptism werefo|^, 
including that of a man bom in Spain, and bUptued August^, 
X77a His life was spent almost wholly in France. All the 
other cenrenorians were reputed to be between 100 and 105 
years of age, with the ^exception of a widow claimme u> be 112 
years.oldi Of Che 83. persons said* to be centeuamps women 
formed a large majority, the proportion being 52 to 31 

men. There were but few married cotiples, 6 auie and 16 




502 


NATURE 


20, i989 


eelibates, 33 widow«mp and 41 widows. One of the latter 
was liCadame Ro«thawski» K<S5 years of age. She enjoys a pen< 
«ion of 60 francs a monHip allow^ her by the French Government 
in consideration of her late husband’s military services. More 
centeRarirms exist the south-western departments, than in the 
rest of the Republic, irhile the basin of the Garonne^from the 
Pyrenees to the Puy de DAme— contains as many as all the rest 
of France put together. M. Lavasseur tinds that the chances of 
a person in the nineteenth century reaching 100 years of age are 
one in i^.Soo. | 

In a recent number of La Nainre Colonel Hennebert, of the , 
Belgian army, describes underground forts which have come ! 
into use in Belgium, as one of the principal methods of national i 
defence. One of these underground forts is like an eal urged molp- 
hillt and is built of concrete. Measuring 50 metres in length by 
from 30 to 40 in width, it U about 13 metres below the surface 
of the- ground, and its greatest height above the earth Is no 
more than 3 or 4 metres. Jt presents the appearance of an 
elliptical cap placed on the ground, and is scarcely visible to the 
eye of an observer. At the centre of this artificial rock are 
three armoured lowers, each with two heavy guns. There are 
also four small '^orts, which are pulled in and run out at pleasurct 
each arfned with two rapid-firing guns. At three suitable 
places there are armoured jx>ints of observation, from two of 
which at night the electric light can l>e dashed to watch the 
operates of the enemy. Below this surface the earth is 
hollowed out in the form of a huge well with armoured sides, 
which is divide up into sections, each part protected with 
heavy armour, one part for provisions and ammunition, another 
for machinery, which includes the dynamos and accumulators 
for the lighting of the whole fon, hydraulic machines for working 
the movable turrets and tending them ammunition, pumps for 
supplying these machines with water, and a secies of ventilators 
to keep the air pure. Communication with the outer world is 
made by a subterranean gaUeiy, the length of which varies 
according to surrounding circumstances. The ceiling of this 
gadlery is from 8 to 10 metres below the surface. To gain 
access to the fort an hydraulic piston is worked, and this raises a 
ladder -which runs along the whole length of the fort, and 
lowers the door of the outlet, which is praiacted by armour 
^ centimetres in thickness, and is under the fire of two of the 
movable forts. All movements, such as changes of guard, 
arrivals of supplies, &g., are reported by telephone or telegraph. 
The guard does not work the hydraulic piston, except at com* 
mood, and when the sentries in one of the movable forts have 
reconnoitred the visitors. Finally, the gallery communicating 
with the outer world is strongly fortified by an armoured door 
defemled by two mitraUleuaes. One of the greatest objections 
by generals to forts, that they absorb numbers of men who are 
wanted in tlie fUUU cannot ht urged against these subterranean 
forts, for the garrison consists of thirty or forty mechanics and 
specialists only, whose absence would not appreciably weaken 
the regiment from which they are drawn. The cost of one of 
these forts is only about 100,000. 

A coKRKs VON DENI' of the TtrMs gives an interesting descrip- 
tion of ttie Briinig Railway, which has recently been opened 
between Lucerne and Bernese Oberland. The gradient is in 
pbtess very steep, being as much as 1 in 8 ; on this acodemt 
special precautions had to be taken both in the up and tbe 
down ^oiuneys. Generally speaking, the Rigi system hoe bees 
adopt^. The locomotive turns a cog-wheel whi^ runs on a 
toothed rack plaecd between the rails, and so the train slowly 
travels, or ouher ft dragged, up hill. The cog-wheel is stopped 
and the engine works in the ordinary way when a moderete 
gradient or a level piece is met with. To check the too rapid 
descent of the trvin, the engine is fitted with a pneutmtic 


counter-pressure action brake, which of itself is sufficient to stop 
the train. Besides this, <^h vehicle in the train is fitted up 
with a cog-wheM and rack similar to those used in the aeeent, 
with drams on the axle to which clip- brakes are applied By 
these af plianoes the speed can be regulated and the train stopped 
at any moment. There was another danger, iiowever, incident 
to all steep railways, to be encountered— namely, the risk to the 
coirplthgs during an ascent. Though the brakes on each 
vehicle would probably be sufficient in such a case, yet it wa^, 
thought fit to take further precautions. When the train is at 
rest, the brake is kept fully applied by heavy weights. These 
weights are lifted by steam-power, which is conveyed from the 
engine in flexible tubes. If a coupling breaks, the flexible tube 
conveying the ^team also breaks, and the weights fall down 
automatically and check the motion of the carriages. It only 
remains to say that the gauge is a very narrow one, being only 
I metre. 

The Atturkan Mdeorolagical j0untal for August contains 
(i) An article by C, C, McCauI, on the climatic effects of the 
Chinook wind in South AU>erta, the country of the great cattle 
ranges in Canada, extending from lat. 49'* to the Red Deer 
River to the northward?*, and from the Rocky Mountains, on the 
west, to about 140 miles east. The Chinook wind blows from 
west to south-west, in varying degrees of strength ; and the 
thermometer often rises in a few hours from 30“ below to 40" 
above zero, while the snow, w'hich may have been a foot deep 
in the morning, disappears before night. (2) A sketch of Prof. 
Abbe*8 work, with a portrait. He was appointed to the 
Weather Bureau at Washington in January 1871, and at once 
urged the desirability of establishing the State weather services 
which now form so important a part of the policy of the Signal 
Service, Among the many recommendations of Prof. Abbe we 
noay mention the establishment of a Scientific and Study 
Division," which was formed early in 1881, and the compilation 
of a Meteorological Bibliography which, although still unpub- 
lished, has grown to considerable dimensions, (3) Mr, A, L, 
Rotch continues his description of the meteorologimil service in 
Switxerland. 

We have received from Dr. G. Hellmann, of the German 
Meteorological Ofiice, an account of the torrential ralnfull of 
August a to 3 last, which caused disastrous inundations of some 
of the Silesian tributaries of the Oder. The Morm leated from 
15 to 18 hooTH, during which time nearly 8 inches of rain £cU 
over a large district, and more or less afi^ed Galicia, Bohemia, 
and • Polaoil. Th^ heavy rains do not seem to have heefii 
caua^ by the same storm which gave us inch of rain in 
London, on August 1 to hut by a distiiict subridiary 
depression which gradually formed over Germany on the and, 
and moved away towards the Baltic. 

Messrs. Swan Sonnekschein and Co. have the following 
works on natural history and science in the press:— "The 
Nature of Harmony and Metre," by Merits HsctpCmaan, trans- 
lated and edited by W. E. Heathcote, M. A. ; " Allas of Fossil 
Conchology," being the original steel plates in Brown's " Fossil 
Conchology," with descriptive letterpress ; " The NatuEaUst in 
Siluria,*'^ by Captain Mayne Rstd, illustrated ; " t4nd and 
Fresh- Water Shells," by Dr. J. W. Williami ; "An 
duction to Zoology," by B, Lindsay; "The Wapderings of 
Plants and Animals," by Pro£ Victor Hehn, edited by J. S. 
Stally brass. 

The additions to the Zoological SodetyS Oerdens dhrhsg th*e 
past week include two Central Ametken 
it/Amtcit), obtained by porchase ; a Large ltdl HpaA {Craem/m 
inttrmgf^kt) from Tndih, presented by lieut; -Col. R. Tltoiipeoli ; 
a White-backed Piping Crow ( Qymmthina frWis 
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AuvtmlUi pfieKoted by Mr. R. Hall ; two White fronted 
Ahmoom from Cuba, a Prince Albert's 

CvtrMMW \Cri^ Merii) from Columbia, a Mexican Guan 
{jPfM€/<»f^/Mrpurascem\ (Obtained by purchase ; a Herring Gull 
(Zarus ar^emtaUts\ British, presented by the Marchioness of 
ChoUnondoley ; a Tuberculated Iguana (^Iguana iuhmulaia) 
from Braail, presented by Mr. H. £. Blandford ; a Chameleon 
{ChamaU^n ruigaru)^ three Lacortine Snakes {CttlopeUis 
iaceriina^ and two Horseshoe Snakes [ZartMMiK kippocrcpis) 
from Morocco, presented by Mi. Herbert E. White. 


OUR ASTRONOMICAL COLUMN 

Comet 1888 c (Brooks). —Dr, H. Kreutz has more recently 
computed for thU comet more exact elements than those which 
he had obtained from the observations of August 9, to, and 
1 1. These later elements are based on observations made at 
Vienna on August 9, at Hamburg, August 14 and 24, and 
at Strasslnirg, August 19 ; absmtion and parallax being 
corrected for. 

T = 1888 July 31*25115, Berlin M.T, 

V cx 59 19 s $) 

jQ ffi loi 32 50*1 !> Moan £q. 1888*0. 

I 74 12 137 ) 

Jog f = 9 ’93 5456 

Error of middle places (O - C), 


August 14 

19 


AK COS' i3 = - 3'S ; Ad - 3*2 

3‘3 ; - 3*4 


Prof, A. Kni^cr {Attr, Nach.^ No. 2855) has computed the 
foliowing ephemeris for Berlin midnight from the foregoing : — 
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The brightness on Angust 9 is taken as unity. 

On August 1 1 the comet was observed at the Observatory of 
A^iers, and the mtcleos was estimated as being about equal in 
brightiM to a star of the loath magnitude ; the nebulosity was 
about 1' in diameter, aod there was a iakit tail in the direction 
of the diunial morensoBt, Prof. L. Boas, observing the comet 
at Albany, N.Y., estiiuatod it on August 10 as of mag, 9, and 
on August 1*9, in bright asooullght, as mag. xi. The tail on 
Auguet JO was estimated os 20' in kiagth, and was of the 
same breadth as the head. 

Duoovwtr OF A New Comet, i»88e.'-Mr. E, E. Baraard, 
fovmeriy of NashWUe, Testnessee, now at the lick Ohsorvatoay, 
discover a new comet on September 3 at oh. 33m. G.M.T., 
KA. 6h. sum. cds., Ded. 10” 59' N. The comet is deseribed 
as ciroular^ V ia diameter, of the eleventh magnitude, with 
tolerabhr enriMeiiaed JHidaaa, but with no tail. Dr. Kobold 
observed it at Sttmusbnig on September 5 at lyh. 44*110. 
O.M.T., R.A, 6h. 5M. Daei, 10® 49' 33" N. 

CoMST t888<f (Fav*).— P lnciog the perihelion passage of this 
comet as 2*6od. fatter than given in Dr. MdUer's elements, an 
akerariott acooidlnguwU with the ofaeervaUons at Nice, August 
9-17, Dr. H. Kreuu has oesnputtd {Astr. No. 0856) the 

following ephemcris for k for Mrlin toidaight 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 SEPTEMBER 23"29‘ 

/'POR the radkoBhkg of time the civil day, Gommeoeiag at 
' ^ Greenwich mean midnight, counting the honn on to 14, 
is here empJkiyud.) 

Ai Grttnntnch on September 33 

Sun cfaet, 5h. 50ns. ; souths, zxh. 5201. 6'7s. ; sets, i7h. 5am. : 
right asc. on meridian, izh. yim. ; decl. o* 20 S. 
Siaereal Time at Sunset, i8h. 6m. 

Mood (at T Quarter September 28, 9h.) rites, I9h. x8m.*^; 
souths, 3h. om. ; sets, 8h, 5401. : right anc. oa meridian, 
ah. 9'Sm. ; deck 7^ 44' S. 
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THE INTERNATIONAL GEOLOGICAL 
CONGRESS} 

T DEEPLY regi-et that, in consequence of his state of health, 
'*■ Prof. Huxley is unable to be present to-day to bid you 
welcome to EAgtand. But if one voice is here wanting, let me 
assu e you that the unanimous voice of English geologists unites 
in the same lentiment, and also thanks you, gentlemen, our 
foreign colleegues, for having responded in a manner so flatter- 
ing to the inritatiogi of English geologists to meet this year in 
Lonxkm. For fo this aisemb^ there are rejpresentative geologists 
from Germany, Austria, Barium, Dentnatk, Spem. France, 
Holland, Hnnfi^, Ita^, Norway, Portt^al, Roumania, Russia, 
Sweden, Swia^Mxid, as weU as from the United States, Canada, 
Mexioe, Che West Indies, the Argentine Republic, and Ana^ 
tfo^siA. From all these coiwtries eminent and illustrious men’ 
honour ua with their presence, and are here to aid us by their 

leauittml A dd m m e«ltv«nd by P.«t J. Pr«fttwioh, Pn^nt of dto 
Coig^min, oa Sajumfor t;, tdSA f^ndatod fron Fnuch.) 
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knowledge m the discussion of the questions brought before the 
Intemati^al Congress. The number of geologists present on 
this Us fourth meeting indicates the continued and deep interest 
that they take in it. 

Among the more p^ftnanent officers are the Secretaries of the 
Congress and of its Coihmittees to whose important and gratuitous 
servmes we are so deeply indebted. We nave unfortunately to 
deplore the untimely death of one amongst them— M. Charles 
Fontannes^and we lose on this occasion the benefit of his long 
experience and valuable aid. 

According to custom, our discussions are, as in the diplomatic 
worlds hoW in French ; but it is tf» be hoped that the tnUnfe 
£ardiaU viiWht belter maintained than it sometimes is in the 
other cose, where such councils have not always succeeded in 
avoiding strife. If I may be permitted to speak after an expe- 
rience of half a century, an entente of the most cordial chameter 
between us English geologists and our colleagues and friends 
abroad has been during these long years the normal condition. 
May these friendly and loyal relations prove a legacy to our 
science for all time. These friendly meetings were, however, 
only occasional, so that the opportunities for personal inter- 
change of ideas were few. But more lately, instead of discuss- 
ing unsettled questions, each nationality apart, the happy idea 
arose of submitting certain questions, which concern us all, to 
the arbitration of this General Council. In this manner the 
different national centres of our science, which have each their 
local colouring and their special experience, arc enabled to com- 
bine the results arrived at iu a wider and more uniform manner 
than if each apart worked out its ideas, based necessarily on 
more restricted observations. Nevertheless, in giving to our 
science, the uniformity of terms and of classification which is so 
necessary, care must be taken not to draw lines too tight, such 
as, instead of developing, might retard its progress. It is desir- | 
able that these lines should 1^ so elastic as to adjust themselves 
to the rapid development we have reason to expect in geological 
science. It is highly necessary that wc should agree upon the 
colours and symlwls to be used for the different strata, rocks, 
and disturbances that the terrestrial crust presents to us, but 
petrology is still far from being placed on firm foundations, and 
the synchronism of the beds, even between near countries, is 
not always easy to determine with exactitude, and sttil less 
betw^ distant countries. Let us then try to avoid that error 
of Congresses— of arrogating an infallibility which is little in 
accordance with the progress of science. 

Let me now say a few words upon what the Congress lias 
already accomplished, and on what remains to be done. 

At Bologna, Prof. Capellini gave the history of the Congress 
so fully that there is no need that 1 should speak of it unless it 
be to remind you that the idea of the Congress originated in 
America at the Exhibition of Philadelphia in 1876, and doubt- 
less this idea, as Well as that of the Exhibition itself, was only 
tte expression of a desire that had been very generally felt for 
some time, to treat certain questions of science and art, not only, 
so to speak, in a national family reunion, but in a cosmopolitan 
reunion— to treat the great (questions that concern all humanity, 
os belonging to the whole civilized world, and for the purposes 
of discussion, to make of the various nationaUtiesa brotherhood, 
established on their common interests and their common weal. 

The Paris Congress.— A t the first Congress, which met 
in Paris in 1878, the primary questions of nomenclature and 
of classification were sketched out, os well as the unification 
of geological works with regard to colours and figures, so 
that in all countries their si^ification should be the same. 
A proposal, whidi was at first well received, was to make 
use of the solar spectrum, and to adopt the three primary 
colours — red, blue, and yellow — for the three divisions of 
the first rank of Prlmarj’, Secondary, and Tertiary rocks ; 
that the subdivisions of the second order should be dts- 
by shades of these colours, and those of the third 
oztier by hatchings of these same colours. But subsequently this 
scale was found to be too restricted, and at Bologna and ^rUn 
several modifications and complementary colottrs were intro- 
dttocMl, although always retaining to a certain degree the original 
idea. As a corollary it has b^n suggested that the labels of 
fosuls should, as has already been done in several Museums, be 
of the same colour as that used for the strata from which they 
come, and tlutt thus one would at a glance see the horizon dhd 
age of the fossil. 

As to the question of unification of nomenclature for the gr^t 
divttions of the earth's crust, it was felt that it is in the tot 


place essential that there should be perfect agreement about the 
terms in use, and therefore that a dictionary of geology compris- 
ing the etymology or the origin of each geolo|iciu name, its 
synonym in other languages, a definition in French, and a 
demonstrative figure after the manner of technological diction- 
aries, would be of very great use. The publication of such a 
work, which ought to be in at least six languages, was stro^ly 
Bup|)orted, Finally, the consideration of the foregoing questions 
was referred to the international Commissions to report upon to 
the meeting of the Bologna Congress. 

With regard to the classification of the strata, memoirs were 
received upon the Pre-Cambrian rocks, and on the nomenclature 
of the Palaeozoic strata of North America ; on the limits of the 
Carboniferous and Permian in various parts of Europe and in 
America ; on the relations of the zones of extinct Vertebrates in 
North America and in Europe ; these two last memoirs being 
accompanied by valuable lists of Invertebrates, plants, and 
reptilqs of different countries. These memoirs raised very im- 
})ortaDt stratigraphical and palmontological questions with regard 
to the wide distribution of families and of genera. Each of the 
faunas of the primary divisions of geological periods has been in 
part recognized as occurring at the same time in the two 
continents — in Europe and in North America ; and Prof. Cope 
has been led to inquire v hether the organic types proceed from 
a special centre from which they have spread ; or whether the 
same types of generic structure have appeared independently at 
different points of the surface of the globe ; and if so, whether 
they are contemporary or of varying periods. These synchronous 
appearances form a subject full of mystery, from whatsoever side 
they may be viewed. The geologicatl record is at present too in- 
complete for the problem to be solved. In each country there 
are gaps that can only be filled by aid of continued observations 
in the other parts of the world. One of the most useful functions 
of the Congress ib to encourage these. 

The classification of Quaternary deposits was also discussed 
in relation to the remarkable history of the caves of Central 
France ; the glacial deposits and dunes of Holland ; the 
Tertiary beds of Portugal, which are limited to the Miocene and 
Pliocene ; the Tertiary eruptive rocks of Hungary, view^ as 
to whether there is not a certain relation between the minera- 
iogical constitution and the relative age of the various trachytic 
types. 

The Congress was also occupied with some high physical 
questions, such as those of the deformations and fractures of the 
earth's crust; the strike and dip of faults and of chains of 
mountains ; the origin of volcanoes, and the probable causes of 
^reat earthquakes ; the structure of the Alps, and the folds of the 

Less in connection with the fundamental objects of the Con- 
gress, but having nevertheless an interest of their own, were the 
memoirs on the feldspars, on the alteration of the superficial de- 
posits, on the use of the polarizing microscope, on the conductivity 
of heat in rocks, and other special subjects. 

The Bologna Congress. — In the handsome volume of thp. 
Proceedings of the Session at Bologna, will be found the Report 
of the International fury appointed to judge the compdiing 
memoirs on the unification of colours and geological signs, 
towards which the King of Italy generously gave 5000 francs to 
be awarded (o the best memoir considered practioany applicable. 
Six memoirs were received, of which the three selectM for the 
award are published with coloured illustrations whidu leave 
nothing to be desired. I'he authors of these papers were of t^lnfon 
that alniough the solar spectrum offers a veiy advantageous fiaed 
base, the sede of colours is insufficient, and that it would be 
necessary to introduce complementary colours, or those -having 
relation to the primary colours. The divisions, in short, of the 
sedimentary strata are so numeruus that it will be necessary, not 
only to em^oy those colours, but also several shades of the same, 
or different hatchings, in reserving rose colour for the orystalliae 
Archssan schists. For the eruptive rocks, they all ogreea to use 
dark and bright tints of red, green, and purple, the Intenrity of 
which will render them to be readily.distinguishable from the 
primary colours of the sedimentary rocks and from the clear 
colour of the schists. It was attempted to distinguish the 
and basic rocks, both with respect to their petrol<mical comr 
position and their age, by the use of different tints of the same 
colours in coloured ^ts, or by hatchings of various petUrpit mid 
with <the letters of the Greek alphabet. Thus ^ is propwed to 
show by signs the prinejipal varieties of granitic, potphyrilliei 
trachytic, andesitic, and oasaltfo toska, «c. ; but tott 'Vamtihs 
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are fo nameroua that one hardly knows where to draw the limits ; 
according to one plan* the use of seventy-six signs and hatchings 
would be required. You will be able to judge of the various 
methods proposed by the fine plates which illustrate the Reports. 
The secttons given of some of the mountains of Switzerland, 
and othm which serve as specimens, have an excellent effect. 
Conventional signs are also made use of to indicate the strike and 
dip of the strata, faults^, fossiliferou^ localities, sources of cold, 
thermal, and mineral springs, travertines, quarries, mines, &c. A 
geological map will thus be a veritable hieroglyphic chapter, with 
a universal signification. 

As a result of the discussions at Bologna, and with a 
view to a practical application, it was decided to publish a 
geological map of Europe on the scale of 1/1,500,000, in which 
the scale of colours used would be that definitely adopted by the 
Congress. This map, of wliich the execution is well advanced, 
is iindhr the direction of a Committee at Berlin. 


With respect to the unification of geological terms, Reports 
were received from nine National Committees, viz. from Austria, 
Belgium, Spain, Portugal, France, Great Britain, Hungary, 
Italy, Russia, and Switzerland. Besides these, eleven havebeen 
received from individual members. It can be well imagined 
that with so many opinions they were not alt in agreement, but 
with the good will shown by everyone, although there were 
differences on points of detail, they were almost unanimous on 
the essential and a ]>reliminary general agreement was 

arrived at for the atratigraphical terms, such a.s system, group, 
series, stage ; and for chronological terms, such as era, epoch, 
age, &c., leaving to future Congresses the consideration of certain 
subordinate points. This subject reminds me, gentlemen, of a 
difficult question which has yet to be faced. If your resolutions 
are carried by the votes of all the members of Congress, the 
result must be affected by the varying number of the nationalities 
in the changing places of meeting. For example, at Bologna 
there were 149 Italian members and 19 English ; at Berlin there 
were 163 Germans and ii English ; here, on the contrary, we 
are . . . English and . . . foreign geologists. Therefore, if 
all vote, the o.pinion of the seat of the Congress may too much 
preponderate unless }ou find means of placing some limits 
upon it. 

Thanks to the loyalty of the Bologna Council, the greater 
number of the resolutions were carried unanimously, a few 
only were referred to various Committees for future con- 
sideration. 

With respect to the stratigraphical divisions it was resolved : — 
(i)That the term ** groups* should be applied to each of the 
great^ divisions of ftimary, Secondary, and Tertiary rocks. 
(3) That the subdivisions of these groups should be named 
'‘wstems.'' You have thus a Primary or Palajozoic group, 
and the Silurian system, the Jurassic system. (3) As to the 
divisions of first order of the systems, the term ** senes ” was 
applied (the Oolitic series) ; to those of the second order, the 
term ‘"stage '' (the Bajocian stage) ; and to those of the third 
order the word “zone " (the zone of Ammomte^ humpkresianus). 
The unity of the stratified masses is the stratum or bed. With 
rejtard to a word much in use in England, and dating from the 
pnmary period of geotopr— the word “ formation,” the majority 
of the Congress decided not to employ it in the sense of terrain 
in F rench, os we do, but only in the sense of origin or mode of 
formtion, and so on. It is necessary, therefore, to seek some 
weyd to with lu the famUiar terms of ‘ » Chalk formation, ” 

''London Clay,'" &c. 

For the ehroaological divisions corresponding with the strati- 
graphl^ It vm proposed that (1) “era" should correspond 
with group, as the Primary era, the Secondary era ; (3) 


'pwioiT'; with “»y«em,” the SUurinn iieriod, the Creta. 

! (3) “ epoch " with “ »erie*,'’ u the Lower Oolitic 
epoe^ the Lower CnUceon* epoch : ‘‘ege" with “bed," os 
the Portludian tge, the Bubonien «ge, &c. 

Ou the eubject of coloun aDd iign$, ibe fiital decision wm 
K nitted to the Committee of the GMi^icel Mnp ; and with 
Kgatd to rulM to followed in the nomenclature of species, 
ft, was rosolved that the nansa attached to each genus and to 
e*6h •pedes should be thtt hy which they have been esrliest 
Vnown, dn the condition thet the Glmmeten of the genus and 
species hAK been published sad dearly defined. The priority 
not to dnte beyond Linnssus, twelfih edition, lydfi. 

Tbew WON o^yfeur spedsl and loenl nemoini presented to 
tbeCongrass nt Bolofinm, end then wera in stmpon of eolleotioni 
aaddOGumentt exhibited, 


The Berlin CoKGRESs.“The official Proceedings of this ses^ 
sion having only been issued during the last few days, were not 
available wneo this address was prepared. I have thcrefare had 
recourse for information to the independent notices of Messrs* 
Renevier, Klebs, Choffat, Frazer, Bianford, and Dewolque. 
At Berlin, special attention uas given 10 the construction of the 
geological map, of which the Committee, profiting by the liberty 
given to it by the Bologna Congiess, revised the colours for the 
1 sedimentary series in the following moaner ; — 


1. Recent deposits (Alluvium, &c.) 

2. Quaternary (Diluvium) 

3. Tertiary 

4. Cretaceous 

5. Jurassic 

6. Triassic 

7. Permian and Carboniferous ... 

8. Devonian 

9. Silurian 

10, Archaean 


Very pale cream colour. 
Naples yellow. 

Various shades of yellow. 
Green tints and hatchings* 
Blue tints. 

Violet tints and dots. 

Gray tints and hatchings. 
Brown tints. 

Grayish-green tints. 

Rose tints. 


And for the ten divisions of eruptive rocks, various brilliant and 
dark red tints and points. 

In the use of monograms to accentuate the tints, it was de- 
cided to employ Latin initials for the sedimentary deposits, and 
Greek initials for the eruptive rocks. 

It is on this plan that tne large and grand gcolot>ical map of 
Europe in cour.se of execution at Berlin is to be coloured, and of 
whicn the publication will realize one of the principal practical 
objects of the Congress— the unification of the colours employed 
in geology. 

As to stratigraphical unification, the Congress adopted, for the 
mosr part, the resolutions passed at Bologna. But the French 
and Portuguese Committee's proposed to substitute the term 
“series "for “group" in the first and third great divisions of 
sedimentary strata ; thus, instead of Primary group, Secondary 
group, &c., it will be Primary series, Secondaiy series, &c. 
The word “group” will then take the place of divisions of 
systems, such as Oolitic group instead of senes. This replacement 
will perhaps recommend itself to many of us. 

Further, the Committees were not unanimous on the proposi- 
tion to substitute, for the varir>us existing terminations of systems, 
homophone terminations in tV. Instead of speaking of the 
Eocene, Cretaceous, Carboniferous, Silurian, &c., system, it was 
proposed to use the terms Eocenic, Cretacic, Carbonic, Siluric, 
&c., system. Is it essential thus to change the ancient ensigns 
of our science ? Etymology is lost, and signification destroyed. 
It is well to have these terminations for things jxisitive, such as 
the crystalline and eruptive rocks— for example, granitic rocks, 
porphyritic rocks, basaltic rocks— for here it indicates their charac- 
ters ; but can we subject, or is it needful to subject, several 
series of dqxisits that have no character in common to the same 
rigid role, from the circumstance that they alt come under the 
same ideal classificatory name ? This question will be discussed, 
and it is for you, gentlemen, to judge what solution may be the 
most advisable. 

Among other subjects, gentlemen, that you will have to con- 
sider, U mat of the classification of the Cambrian and Silurian 
strata. According u these two great systems have been taken in 
descending or ascending order, the boundary between the two 
has been placed lower or higher, because the discordances 
between the series are rare* and the palseontological chain 
between the two systems is but little interrupted. In England, 
Sedgwick, who commenced fixim below* found himself stopped 
by no discordance until he reached the Mayhill Sandstone, 
whereas Murchison, who commenced from above, saw no reason 
to stop until Polseozoie life failed him ; he hesitated, therefore, 
where to place his base line. In the same way, in those 
countries where they followed Murchison, whose classification 
was better known^ the stratigraphical barriers were, according 
to the partisans of the one, passed over ; whilst, according to the 
partisans of the olber, there was an absence of palwontological 
proofs. In this country— their native stratigrapnical country— 
the Cambriah and Silunan occupy comparatively a small area ; 
and it is only since the death of their founders that the paleonto* 
logical prooB Have been increased to an extent sufficient to bring 
out clearly their distinctive characters. These two systems are 
found ebewhOre (especially in America, where it is a question 
whether they should be associated with a Tacooic system), either 
better developed, or with special characters which may help to 
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determine more precisely tiieir nrntnei relsUons. It is here, xHE CONSTITUTION AND STRUCTURE 

i^is, ^llensen, th*t tlie Itnowledje fhet you bring from many Qp -pffp CRYSTALLINE SCHISTS OF THE 
parts CH the world may aid iu in throwing light on this dimciut WESTERN ALPS^ 
sahjccts 

Amon^ the other OMtions which preceding Congresses have 'T^EK years have elapsed since I’rof. Lory drat fscnrttlated hla 
not decided, are j — ^ views on the crystalline schists of the Western Alps, at the 
(l) The relation between the Carboniferous and the Permian. Congr^ International de G^logie held in Paris in 1670. These 

(a) Between the ood the Jurassic. he subsequemly developed at the Reunion de la Soci^^G^* 

(3) Between the Tertiary and the Quaternary. logique de France at Grenoble in iSSi. Since then further 

When there is interniption in the continuity of the strata, work in the held has strikingly confirmed these views, and Prof, 
and ao discordant stratificaiion, the systems pass one into T.ory has taken alvanta^e uf the opportunity given by the 
another without apparent break, like the colours of the solar inviiation of the Organizing Committee of the Oeolo^cal 
spectmia; hot, aa you all know., if one link is wanting, the chain Congress to summarize briefly the more important facts, derived 
U bredeea, and the Jine of separation of the disunited beds be- from the study of the Western Alps, that nave a direct bearing 
comes sharply de&aed. If, for exa triple, the Caradoc should be on the general question of the crysialUne schists, 
absent in the Cambrian- Silurian, or the Pliocene should be want- The crystalline schists appear m the Alps in massifs of greater 
ing in the Tertiary, there would be between these systems a or less extent, protruding through the sedimentaiy formations, 
break which would give the necessary relief to the superimposed The-^e tnassi/s are distributed in twfj principal zones, arched in 
strata. The primary colours of the spectrum are not less dis- agrcttnenl with the general curvature of the Alps. These the 
tinctive because they pass one into the other with intermediate author proposes to designate the first Alpint or Mont-Bianc 
shades ; nor does it follow that, because there are passage-beds, aofUt and the fourth Alpine zorte, or A/ontePosa tone. The inter- 

the systems form one whole. There must be, somewhere, mediate zones {se and and third Alpmc zones) are of less im- 

passoge-beds between them, as there are between the colours. portance, the outcrops being rare and of small extent. As they 
Apart from these international questions, the Berlin Congress resemble the fourth tone in their principal characters, they are 
was occupied with several special memoirs, hut wc arc yet with- treated in its connection. 

out particulars, and besides, whatever may be their interest, (j) Ttrt fourth Alpine ton.\ ox zone of Monte‘Kps(t,\%\s^ 

Utey concern us less for the moment than international questions, largest. In it the crystalline schi>^ts are exposed over the greater 
Among others of the latter, a great palaeontological project ban part of the Italian slopes, and skirt the plain from Cuneo to 
been mooted, and the Congt^s has appointed a Commission of Lake Maggiore. Their stratifleatioo is often nearly horizontal, 
distingoished paleontologists to co-operate towards its realize- and always conformable with the sedimentary formations (Trias 
tion. A work is proposed, on the plan of the Enumerator et or Jura) resting upon them. 

Komoheiator ” of wown, and of the ‘‘Frodrome*' of Aldde It is subsequent to the deposition of these Secondary rocks 
d’OHiigay; but such is the progress that paheontology has made, and, very probably, even much later— in Tertiary times — that 
that at jnreseiit, for the enumeration of all the known fossils, of this part of the Alps has been fashioned into mountains by 
animati as well as pbsits, a publication of some fifteen large the lateral pressure resulting from the gradual subsidence of the 
volumes would be required. A work of this kind will make a vast regions represented by the plains of Italy and the basin of 
handsome pendant to the large polyglot dictionary of geological the Adriatic. The result of these i aportant dynamic processes 
tenxia» projected at Bologna. was the formation of a complex of great folds, a hich are often 

Such, gentlemen, are some of the questions and subjects that much complicated by faulting, 
you have to consider You have to revise and to settle, when The succession of the dificreni groups of crystalline schists in 
pouiUe, questions already discuaiied, and also to discuss new this zone is conformable to the order indicated, long since, by 
pToblenu. Amoi^ the latter there is especially the funda- Cordier, It is necessary to point out, however, that this upper 
mental question of the crystalUoe schists— a subject remarkable group— that of the ialeites (talc-schists) — contains talc only as 
for the great progress that it ha-i made during the last few years, an accessory constituent ; the unctuous (lalcoid) aspect being due, 
and the entirely new aspect that it is assuming ; for it is evident in reality, to the presence of certain indistinctly cleavnb.V and 
at present that it is not only a chemical question of meta- fibrous varieties of mica, especially sericitc. These schists may 
mo^hitm ^heat, but that it is a subject which entails ques- .be termed sericiie -schists or, abbreviated, serischiats. In the 
tions of pressure, and motion, which necessitate a wide purer varieties they are of a nacreous white or dear ^y colour ; 

co-operation, and the combined efforts of the physicist, llie but by the addition of chlorite thej^ assume greenish ttnfs and pass 
chemist, the petrologist, and the strat^raphist. into chforitic and quartzose schists — the cblorhoschists wnich 

Although the greater number of the subjects considered by attain so great a development in the whole of the Wertem Alps, 
the Congress are eminently practical and positive, they also in- Alternating frequently with these rocks arc homblendic schists, 
dude theoretical questions of the highest interest. The classi- of which the development is very variable. In certain parts of 
fication of the strata and their sya^^ronism over great areas, the Italiaa Alps, however, especially between Ivrea ana Domo 
which you have lo determine, rest both upon stratigraphy and d’Oasola, they become predominant. 

upon jialajontology. In order to adjust their precise relation, This upper division of the crystalline adrists is characteriBed 
you have to note the identitiefl as well as the di^erences of fossil by a more or less pronounced green tint, due to the presence of 
apectei, and to know if the order of the beds in distant countries chlorite or hornblende, which recalls the name pAeire verdi^ 
fmlowv a synchronoiis order or is homotaxial. In the one given to these and other schists by Gastaldi and several other 
case, wc can hardly eapect to find similar species ; in the other, Italian geologists. 

the identity of ^ecies may be taken as a proof to the contrary# Below the diloritic and homblendic .schists occurs a large 
unless it may be supposed, as Edward Forbes thought, that aeries of mlcR-scbUts, with which are Intercalated, fo conform' 
species have had move than one Qcfltre of origin. ^ able beddu^, cipolin-Hmestones {ealeaires eip^int)^ gratmUr 

To solve these rtrohlems you have to trace the dawn of life, dolomites, and pure saccharoidal limestonef, hhevnat^ with 
ibe appearance, the duration, and the disappearance of i^cies, mica-sebisu and evidently forming pari of the suae formmem, 
and the semree from which they come. Are we to behevc in The mica-schists become chavged with feUpar and pass thns 
the evolution of species, or are we to ve^d them as shoots of into gneiss, with which they allernate. Block and white micas 
^ort duration, and the geoera or families as the branches or are a soaiated in these rocks. In proportion as fhe set^ is 
permanent trunks ? If 1 have venluaed to touch upon these descended, orthoclase becomes more abundant, and the gneisMs 
probes of fact and theory, tt is not to express an opinion, but nredominate with a foUation Which decreases until peas 
tnevdy to point out how vast the field is, and how many ^ato granitoid gneiss, ip whlcti the fciliation disappws, but 
frilosrdahmtrera and how long is the time requleed to make all the broader' features of stratification remain vi 4 He. TIdS is 
the neeuRtary acudfos. well idiown in the section of the Sim|don massif f where 

It most not be thought that when the fondamental questiosa goqgfs of the Dlveria are hollowed out, to a depdi of 700 
of ittct are detemiwed the work of the Coagress approa^ nseteeSi in the horizontal beds of the granitoid gnehis known us 
completfoBs, Genceal agreemeat on these mteroadoBal questioos / the grtrisi of Ancigorio. 
wUl only emoerth the way, andnne isaa foresee in the cosmopplkan 
l>robl«ms of theory already cousiderad, and in many others ihat 
cauAOt latl to asfoe, wtiat wUI occm in a lotqc and umfiil future 
all tfhe elfocu of this Imernational ingress, 


* *'SurlaCtnetkutlonec la Simctaiwdn Hnrifrda Sdlfolis CrisuOiaB 
par M k PmfeMearCli. JU«y. 
toatfoa, iSibatmeiad Cmb the tesiidb hV JPe. 
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ProC Lory does not recognize in the Monie^J^osa zone any beds 
belonging to the Carboniferous ; and he believes that the crystal* 
line .^'chiats of this part of the Alps have been exposer! during 
the whole of Pal^cozafc time^, without having been disturbea 
from their primitive horizontal position. They have gradually 
subsidy during the Triaasic period. The lower stages of this 
formation are not much developed in this zone ; but the uj>per 
stage, represented by the schhUi lustres^ have acquired an 
enormous thickness. 

These Triassic beds are characterized liy a remarkably -ciystal- 
tine texture. The limestones and dolomites which form the 
middle stage are granular and saccharoidal, and inclose authigenic 
crystals of albite. The schisies are composed in great 

psrt of crystallized minerals (quartz, mien, tourmaline, garnets, 
&c. ), which arc also certain^ authigenic. This crystalline 
condition is uniform and constant, and independent of all 
dislocations and erntortions which the beds have subsequently 
undergone. 

The crystalline character of the sedimentary formations may 
be of assistance in understanding? the origin of the crystalline 
schists. The foliation is generally parallel to stratification, the 
latter being always very distinct. Characters so uniform cannot 
be explained by the phenonaerin of slaty cleavage and crystalliza- 
tion under the InHuence of local mechanical actions. It 13 rather 

genera!, universal, and original crystallization of the primitive 
ro^ks, which took place anterior to the deirosit of all sedimentary 
formations. 

, The most important element of Prof. Lory’s t/iird zone are 
anthracitic sandstones. These sandstones l)efong to the Upper 
Coal-measures {houilkr .^up^rieur). The boundary between them 
and the crystalline schists is usually marked by a fault. But 
sometimes, as at the bridge of St. .Vndic, near the railway 
station at Modane, the latter appear under the sandstones, and 
then the filiation of the crystalline schists is conformable with 
the bedding of the Carboniferous sandstones. At this and other 
localities there occur in the lower portions of these sandstones 
conglonaeiMtes forirCd of slightly rolled frc^ienta of crystalline 
schists, ideni^ical 'with those which crop out in the neighbourhood. 
It is thererorc evident that the foliation and cry lallizalion of the 
ciystftlUne schisU must be earlier than the CarlKiniferous period. 
Conglomerate**, composed of fragment.s of the most diversified 
rocks from the crystalf^ne schist^, occur in the Ui)pcr Trias, in the 
Lias [Col du Golet\ and in the Nummulitic Eocene [mai&if des 
ipneombfes). Each of these conglomerates contains fragments of 
all the preceding fo^atione. Since there rolled pebbles have 
the cbaractvii^tc structure, cry. stal line or foliated, of the rocks 
they are doriyed from, and ainqe the foliation of the iwbhics 
has no noifqrm djreciion in the conglomerates, it followb that 
the foliated. dr crystalline texture of the locks of these various 
formaiions i*, each for,e^ct, of earlier origin than the deposition 
of that which overlies it^^nd absolutely indei>eudent of the power- 
f}il mechanical actions which only fashioned these formations 
into motmtaina subsequently to the Eocene peiio<L 

Again, all the formations, from ihe Trias to the Eocene, 
contain microscopic crystals of silicates (felspiars, mica, quartz, 
tourmaline), which are of contemporaneous origin with the rocks 
containing them, and do not, tlierefore, oue ihetr existence (o 
any of the dynamic processes which have subsequently acted 
upon this part of the Alps. 

Since these silicates, which are identical with, or yery 
analogous to, those of the crystalline schists, were formed in. 
Mie Secondary' and t'eniary deposits independently of all 
eruptive actions ot_ special emanations, and anteriorly to all 
dynamic processes, it is unnecessary fur the exp^isnation of ‘he 
origin of the primitive crystalline schists to assume physical 
conditions absolutely dlfc-ent from those of the Secondary or 
Tertiary pwlods. 

In tli remote epoch in which these schists were formed there 
were no terrestrial features, and consequently no detrital forma- 
tions. The ex^^tence of organisms in a universal ocean, warmer 
and more heavily charged with saline matters than actual seas, was 
not yet possible ; and there resulted combinations of crystaUiaed 
nfiiperals, the formation of which in Inter times became more 
focal and restricte^L But even as late as Tertiary times we stUl 1 
frnd traces of analogons reactions in the deposits of'thoseremark-., 1 
of the Eocene period which extend over a part of the 
actiw site of our Alpine chains. 

, (a) Prof. Lory's first Alpim ztftte, pr UmkSlanc none, com- 
itt Switzerland, rh^ fndsi0 of the Bemeie Alps nod of Su 
Gnthard t ki Savoy, those of the Aiguilles Rouges and of Mont- 
Blanc ; the chain of Bclltedonne ; the sthail wawe/ of Rocheray, 


near St.-Jean^de^Maurienne ; the massif of Rousses, in Oisohs ; 
the massif of Pelyoax, between Drac and Durance ; finally, the 
massif Maritiines Alps, between the Col de I'Arg^ntitre 

and the Col de Tende.’ * 

llic characteristic feature common to all these massifs ooturUts 
in the crystalline scliistft composing them being nearly always 
highly inclined or almost vertical. They do not appear to pre- 
sent the regular structure — ^the great anticlinal folds of the Afonte- 
A*osa zone. This indicates that the Afont-Blanr zone is really the 
ancient port of ihe orogenic system of the Alps, and ihat its 
structure has resulted from the dislocations of different e|>ochs. 

Anthracitic sandstones occur also in this zone, but they are 
less developed and less continuous than in the third zone, and, 
as indicated by their plant remains,, are of more recent date, being 
intermediate between the Coal-measures of Uive-de-Gier and 
those of Saint- Etienne. 

On the vestern slope of this zone traces of dislocations, 
anterior to the dc^>osiiion of these Carboniferous sandstones, can 
be recognized. 1 hey are indic.ited by clear unconformities at 
various p ints in the Mure basin and other places. But on the 
eastern slore of the same zone the Carboniferous sandstones and' 
the crystalline schists are generally conformable. 

These Carboniferous sandstones of the first zopu, like those of 
the t/iird, arc accompanied by conglometates containing numerous 
fragments of foliated crystalline schist's, of which the petro- 
g aphical characters are identical with those of the underlying 
cry^tAlline rocks. 'I'hcse conglomerates are well known on both 
western and eastern {pottdinipirs of Valorsinc, Orandes- 

Rousses <Jirc. ) Since the Carboniferous sandstone on the eastern 
slope is conformable with the cr\'stnltine schi^tc, the existence of 
large fiagments of the schists in these conglomerates, clearly 
demonstrates that their foliation is anterior to all dislocations 
which have affected the massif. It was after the depoRiiioq of 
the anthracitic sandstone, between the Carboniferous and Triassic 
periods, that the principal dislocarions took place, which have 
upheaved and contorted the crystalline schists and the anthracitic 
sandstones of the first zone. Wherever the Triassic beds appear 
nearly horizontal they rest, in conformable stratification, on the 
upturned edges of tne older formations, whether anthracitic 
sandstones or crystalline schists. 

The horizontal position of numerous shreds of Secondary rocks 
to be found at very variable heights indicates the character of the 
dislocations which have taken place at more recent petiod? in this 
part of the Alps. The ancient formations, already upbeaved and 
contorted before the deposition of the Trias, have behaved like 
rigid masses, and have not lent themselves to the newer folding. 
They have been traversed by faults; and displacements have 
taken place a!on^ the planes of fracture, while at the same lime 
following the divisional planes of stratification. The Secondary 
rocks, on the other han<i, have behaved like flexible, and even, 
when argillaceous, like plastic bodies, Tliey have bnJy been com- 
pletely fractured by the more important major fault* i everywhere 
they have moulded themselves ny multi plex folding to the new 
forms of their dislocated base. Tnis flexible covering has slipped 
into the depressions formed by the subsidence, due to dislocation, 
of certain parts of Us base. In this way the Secondary rocks pre- 
sent themselves on tlie flanks of the Alpine valleys in beds which 
are inclined and contorted in repeated folds, contrasting thus with 
the uniform curvature of the ancient rocks. 

The powerful mtchanical actions resulting from these disloca- 
tions of the first Alpine zone have ofren superinduced, in the 
argillaceous limes t on e.^ of the Lias, phcnopiena of “ Si retching,” 
lamination^ and, above all, a slaty cleavage In a direction ditterent 
from that of stratification. As to the crystalline schist*, of which 
the plication took place at the end of tlie Carboniferous and , 
before the Triassic period, the more recent dislocations have 
destroyed the regularity of their anticlihal and synclinal fpids. 
Along the axes of the anticlinal ruptures, or following the bands 
of mica.-schi*Ts-“that part of the ctystalline schists which offers 
least resisuince^occurred the subsidences which have given rise 
to the actual Alpine valleys ; it is following these directions, and 
nearly always foUowing the old synclinal folds, that the ancient 
roekahuve been ewt up into massifs, feparated by the bands of 
depression, where the Seconda^ rocks, adapting themselves to 
tne new forms assumed by their base, have (fecendetl while 
unde%0tug pileatioa ; and' their beds, hr^y incUned and ofr«m 
curiously folded^ claAbe the lateBol walk of these depression^. 
The valley of Chumonii and I’Alfoe Blanche, the Combe d'Olle, 
the lower valley of the same stream, at Allemopt, and that of 
Bourg'd'Oisans, are examples of this type of longitudinal Alpine- 
valleys of the Mont-Blasu tone. 
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The wmstifi of crystalline schists re]M!eie|ited in this zone are 
Ui^ge remnants which have remained stanc^if in ruins^ the other 
parts of the prhhitive rocks havine sobMi^ either tn nwst, 
following great faults, or in detail, by a series of small slides, 
following the numerous joints, or the divisional planes of 
bedding. Not cnt of th^m represents a regular and complete 
anticlinal fold, 1 1 

The various types of crystalline schist comprised in the Mont- 
Blanc zone succeeded one another in the same order as in the 
Jktonte^Jlosa zone* They are also divided into two groups : the 
upper group-^-sericltic, chloritic, and homblendic schists \ and 
the lower |^oup^-mica-$chists and true gneisses. 

In the lower noup there is a tendency towards the granitoid 
structure, and the rocks appear more or less massive, but yet in 
the main stratiform. They become rich in white mica, and 
assume a granulitic texture. These phenomena are developed 
along the anticlinal axes. 

The crystalline schists of the upper group have a tendency to 
become richer in felspar the nearer one approaches the intra- 
Alpine limit of the zone. It seems that this corresponds with the 
direction in which alkaline emissions, accompanying the formation 
of these rocks, took place, the same direction afterwards becoming 
that of the great limiting fault of the zone. The schists pass 
Uius into chloritic gneisses similar to those occurring near the 
station at Modane Xthird zone)^ or to the gneiss (n AroDa {^fourth 
zone) : sometimes idso into granitoid gneisses, both chloritic and 
homblendic, as, for instance, at Cevins, in Tarrataise. 

The tenacity of the chloritic and homblendic schists, which 
is generally much superior to that of the mica-schists and true 
gausses, and their tendency to develop felspar, which gives them 
greater consistency, explain the important r^f/e play^ by these 
rocks in the constitution of the culminating ridges and steeper 
massifs of tht jSrst zone. In the Mont- Blanc massif and in the 
eastern portion of the Pelvoux massif there needles’* and 
abruptly culminating T^dges characterize the typ>e of rock known 
as protogine. Ibis name, the etymological sense of which must be 
foiffotten, has been created to designate the type of rocks which 


prwminates in the principal ridge of Mont-Bianc. The special 
character of these rocks consists in the mica being penetrated and 
partly replaced by chlorite. The granitoid protogine always 
contains two felspars-— orthoclase and oUgoclase, part of the 
orthoclase being usually replaced by microcline. 

Prof. Lory thinks the protwine belongs to the upper group— 
that of the chloritic schists. In that case Mont-Blanc cannot be 
regarded a< a central arch of devation, and its ** fan -structure” 
bmmes simply a very sharp synclinal fold of the crystalline 
acbisti of the upper group, isolated by two faults, along which 
they have subsided, while acquiring a U-shaped fold. 

In the Pelvoux-wojfi/ the protogine is even more largely 
developed than at Mont -Blanc. Here also it is 'stratiform, and 

alternates with chloritic gneisses like those of the western parts 
of the meusif, A series of anticlinal and synclinal folds can be 
made out. The anticlines correspond to the Vallon des Etagef, 
the Barre des Kscrinn (west slope), and the Combe d’AlefrouIc ; 
and the synclines to the Combe de la Pilatte, the eastern slope of | 
the Escrins (Glacier Noir), and the summits of Mont-Pelvoux. , 

From observations made near Bourg-d'Oisans, the author ' 
uriims at the conclusion that the protogine has originated by a 
modification of the chloritic schists. Lurii^ their formation, a 
considerable increase in their felspathic constuuent was produced 
hy granulitic emissions which took place through the gneiss and 
mica-schists. 

Like other important features in the structure of the Eastern 
Alps this replaoement of chloritic schists by protogine follows 
the intra- Alpine limit of the Mont-Bianc %one^ which limit it 
marked by the great fault-line which can be traced overdo lieues^ 
firom Vallonise to Airolo. This must have been the direction in 
which took place those granulitic emissions, which, without 
giving birth to true eruptive masses, have modified the character 
of the old peiss and mica-schists and developed in the chloritic 
and hombiwdic schists the felspathic chjuracter which dis- 
tinguishes the granitoid rock known as protogine. 


THE ELECTRIC TRANSMISSION OF ROIVER.^ 


powerful the power of the law \ we sing of the power 

of love ; we say knowledge is power, and so on, using the wcnrd 
in several different senses. Now, in spite of the met that a 
general audience feels a little anxious as to what gobies 'wmy 
be in store for It when a lecturer begins by being painfully exact, 
my telling you that by power an engineer understands the rate 
Of doi^ work will not, I hope, make you fear that my remarks 
will bristle with technicalities. 

When you walk upstairs you exert power — only, perhaps, the 
one-twentieth of a horse when you go up slowly, talking to other 
people. But when you run upstairs because you have forgotten 
something that you intended to bring down, then your exertions 
represent, perhaps, the one-tenth of a horse-power. You only 
get to the top of the stairs in either case, out the breathlesa 
sensation of running fast upstairs tells yon that the more quickly 
you go the harder you are working. A person exercises power 
in the engineer's sense when he exerts himself physically, and 
the greater the exertion the greater the power. The exercise of 
power by the ruling classes, however, is unfortunately not 
necessarily accompanied by any exertion, physic^ or mental. 

Probably the most familiar example of exerting power at a 
distance — that is, of transmitting power— is pulling a handle 
and ringing a bell in another room. I pull the handle, exerting, 
myself slightly, and as the result the bell at the other end of the 
platform rings. Were not this such a very familiar operation I 
would call it experiment No. i. You have doubtless all of you 
performed this experiment several times to-day, and — what is all 
important with an experiment -^performed it successfully. 

And yet it was not until just one hundred years ago that it 
dawned on people that if one person, A, wanted to attract the 
attention of another person, B, the place where the bell ought 
to sound was where B was, and not where A was. Indeed, in 
many English villages down to the present day the knocker 
principle of attracting attention is alone resort^ to, with the 
result which you may remember happened when Mr. Pickwick 
was staying in Bath at lodgings in the Royal CrcHcent, and Mr. 
Dowler ondertook to sit up for Mrs, Dowler, but " made up his 
mind that he would throw himself on the bed in the back room 
and tkink^not sleep, of course. . , . Just as the clock struck 
three there was blown into the crescent a sedan-chair with Mrs. 
Dowler inside, borne by one short fat chairman and one long 
thin one. . . . They gave a good round double knock at the 
street door. ... * Knock again, if you please,’ said Mrs. 
Dowler, from the chair, ^ Knock two or three times, if you 
please.’ The short man stood on the step and gave four or live 
most startling double knocks of eight or ten knocks a-ipiece, 
while the long man went into the road and looked up at the 
windows for a light. Nobody came — it was as silent and as 
dark as ever.” But the tall thin man, you may remember, 
“kept on perpetually knocking double knocks of two loud 
knocks each, like an insane postman," till Mr. Winkle, waking 
up from a dream ”thnt he was at a club where the chairman 
was obliged to hammer the table a good deal to preserve 
order," met with the catastrophe which the readers of Pickwick 
will remember. 

This episode shows what comes pf having plenty of power and 
no means of transmitting it. 

But if some houses can still dispense with mechanical or other 
methods of transmitting power, even to ring bells, factories c^not* 
The looms, the lathes, or whatever the machinery used in the 
factory may be, must either be worked by hand or foot in the 
old style, or it must be connected with the steam-, gas-, or water- 
engine in the new. On entering a large factory you see lines of 
ramdly-rotating shafting, and a net-work of rapidly-revolving 
belting, all employed in transmitting power. As a contrast to 
this, f now throw on the screen a photograph of Sir David 
Salomon’s workshop at Tunbridge Wells, in which every 
machine is worked by a separate electric motor, thus saving to a 
great extent the loss of power that usually accompanies the 
mechanical transmisiion. 

Tn America there are 6000 electromotors working macbiitery ; 
in Great Britain hardly 100. 

But it is not only in transmitting the power from the steam-, 
gas-, or water-engine of a factory to the various machines 
working in it, that electricity can be utilized. An incredible 


\^HAT is power, and why should' we wish to transmit it? j 
’’ Power has one very definite meaning in science, and 
several rather vague meanings in practice. We speak of U : 

‘ delivered by Prof. Ayrton, F.R.S., at the Dtiil Hall, Bath, on 

Friday, Scptvmbar 7, t&86. 


amount of power is dally running to waste In this and other 
countries b^nse many of the rapid streams of water are too for 
aw^ from towns for their power to have been hitherto utiifeed. 

The holiday toorlst, when admiring the spMthtt water 
dothiT^ over the stones, hardly realises that the money 1^ fo he 
I if the foam were compe^d of flakes of silver, 


l^AtURE 


509 


2C, i8ft8] 


Df we, Uke m a low estimate that a large well-made steam- 
eagl^ blinds ottiy 2 pounds of coal per horse*power per hour, 
die eoaf consumption which would be equivalent to the waste of 
power at Niagara would exceed 150,000,000 tons per annum, 
which at only 5 j. or 6;. per ton means some ^40, 000, 000 
sterling wasted. And descending from big things to small, the 
River Avon, flowing through Bath, which, so far from being a 
roaring cataract, especially in dry weather, pursues its course 
with only a respectable orderly swish, still represents a certain 
amount of lost power. It has been estimated that from 25 to 
130 horse-power runs to waste at the Bathwick Weir behind the 
Gnildhall. depending on the season. If we take as an all-round 
average that the fall of this weir represents 50 horse-power, and 
that a steam-engine producing this power fcfurns 150 pounds of 
coal per hour, it follows that with steam coal at per ton — 
the price at Bath — the waste at Bathwick Weir represents an 
income of ;£'45o per annum, not a princely fortune, it is true, 
but too large to be utterly thrown away as at present. 

This state of things will 1 hope, however, be shortly remedied, 
for, as you will see from the large map on the wall, it is proposed 
to put up eighty-one electric arc lamps throughout the streets of 
Bath, and to supply the 50 horse-power required for these lamps 
by the fall of the Bathwick Weir, supplementing the fall with a 
steam-engine at dry seasons. 

The next large diagram shows the use that Lord Salisbury 
has made of the River Lea to electrically light Hatfleld House, 
and to supply electric motive power to the various machines 
working on his estate. The following diagram shows the course 
of the Portrush electric railway, six and a half miles long, 
which is worked by the Bushmill Falls, situated at about one 
mile from the nearest )>omt of the railway. And lastly, this 
working model on the table, kindly lent me by Dr. £. Hopkin- 
son, as well as the diagram on the wall, represent the Bessbrook 
and Newry electric tramway, a little over three miles in length, 
which is also worked entirely by water power, the turbine and 
dynamo which convert the water power into electric power being 
at about three-quarters of a mile from the Bessbrook terminus. 
[Model electric railway shown in action.] 

The newspapers of last week contain^ a long account of the 
spiral electric mountain railway that has just been opened to 
carry people up the Bu^enstock, near Lucerne, and worked by 
the River Aar, three miles away, so that we see electric traction 
worked by distant water power is extending. But, splendid as 
are these most successful uses of water power to actuate distant 
electromotors, it is but a stray stream here and there that has 
yet been utilized, and countless wealth is still being squandered 
in all the torrents oil over the world. 

The familiarity of the fact makes it none the less striking, that, 
while we obtain in a laborious way from the depths of the 
earth the power we employ, we let run to waste every hour of 
our lives many many times as much os we use. 

It is also a well-established, time-honoured fact that large 
steam-engines can be worked much more economically than 
small ones, and that therefore if it were possible to tconomUalfy 
transmit the power from a few very large steam-engines to a 
great number of small workshops there would be a great saving 
of power, as well os a great saving of time from the workmen 
in these many small workshops having only to employ this 
power for various industrial purposes, inst^ of having to 
stoke, clean, repair, and generally attend to a great number of 
small, uneconomical steam-engines. 

When dellverlog the lecture which I had the honour to give 
at the meetup of the British Association at Sheffield nine years 
ago, I entered fully into Prof. Perry's and my own views on this 
subject, and therefore 1 will not enlarge on them now. You 
can all realize the diflerebce between the luxury of merely 
getting into a train instead of having to engage post-horses ; of 
being able to send a telegram instead of employing a special 
messenger ; or being able to turn on a gas tap and apply a match 
when you want a light, instead of having to purchase oil and a 
wick, and trim a lamp. Well, a general supply of power to 
workshops is to the manufacturer what a general supply of light 
or a gmeral supply of post-office fiscilities is to the householder : 
it is all port of the steady advance of civilization that leads the 
man of lo-da/ to go h> tbe taUor, Uw ehoemaker, the baker, 
the ^cher, instead of manufacturing his own mocassins and 
Idasoing a buffalo for dinuer. And ease any 6f you may be 
loolined to think that we have gone fhr enough in these new- 
fangled motions, and ire are dll perhaps prone to fall into this 
snktake as we grow older, let me temtndyou that while each 
age regards with justifiable pride the superiority of its ways to 


those of its ancestors, that very age will appear but semi- 
civilized to its gneat-^ndchildren. Let us accept as an 
undoubted fact tngit a general distribution of power would 
enable the wants of dnlized life to be better satisfled, and 
therefore would greatly benefit indus^. 

There are four methods of transmitiiag power to a distance : 
(1) by a moving rope t (2) by atr compressed or rarefied at one 
end of a pipe operating an air motor at the other end ; (3} by 
water forced tlirough a pipe working a water motor ; U) hy 
electricity. 

We have an example of the transmission of power through a 
short distance by an endless bdt or rope in the machine geared 
together by belts on this platform, and in the rotatory hair- 
brushes at Mr. Hatt's establishment in the Corridor, Bath. At 
Schaf^ausen, and elsewhere in Switzerland, the principle is 
employed on a Urge scale. Spain and other countries use it in 
connection with their mining operations ; and lastly, wire ropes 
replace horses on many hilly tramways. Do not look, however, 
for the wire rope of tne Bath cable tramways, for cable is only 
to be found painted on the sides of the cars. 

For short distances of a mile or so there is no system of 
transmitting power in a s^raiffAf line along the open country so 
cheap to erect, and so economical of power as a ro/tsi^-moying 
endless rope ; but the other systems give much greater facilities 
for distributing toe power along the line of route, are much less 
noisy, and far surpass wire rope transmission in economy when 
the rope must move somewhat slowly, as in tramway traction, or 
when the distance is considerable over which the power is 
transmitted, or when the line of route has many bends. 

In the same sense that an ordinary house-bell may be con- 
sidered as a crude example of the transmission of power by a 
movinurope, the pneumatic Ml at the other end of the mU 
which I now ring by sending a puff of air through the tube is a 
crude example of the transmission of power by compressed air, 
[Pneumatic bell rung.] Compressed air is employed to work 
from a distance the boring-machines used in tunnelling. The con- 
tinuous vacuum-brakes used on many of the railways are also 
probably familiar to you, and the pneumatic system of transmit- 
ting power to workshops is shortly to be tried on a fairly large 
scale at Birmingham. 

But distribution of power by water pressure is the plan that 
has hitherto found most favour in this country. That little water 
motor at the other end of the platform rapidly revolves when I 
work this garden syringe, and serves as a puny illustration of the 
transmission of water pressure. [Experiment shown.] Pressure 
water has been employed for years on a large scale at Hull for 
distributing power ; also by Mr. Tweddle, as a means of com- 
municating a very large amount of power through a flexible tube 
to tools that have to be moved about ; but the grandest illustration 
of this principle U the vast system of high-pressure mains that 
have been laid throughout London, as you will see from the 
photograph that 1 now project on the screen of the map kindly 
lent me by Mr. Ellington. 

The economy of this system is so mark^ and the success that 
has attended its use is so great that, did 1 not feel sure that 
electricity offers a grander system still, it would be with ffeor and 
trembling that I sWld approach the subject of this evening, 
the “Electric Transmission of Power.” Punch drew six years 
ago the giant Steam and the giant Coal looking aghast at the 
suckling h$.he Electricity in its cradle. That baby is a strong 
boy now ; let the giant Water look to its laurels ere that boy 
becomes a man. For the electric transmission of power even 
now bids fair to surpass idl other methods in (l) economy in 
consumption of fuel ; (a) more perfect control over each indi- 
vidual machine, for see how easily I can start this electric motor, 
and how easily I can vary its speed [experiment shown] ; (3) 
ability to bring the tooUo the work instead of the work to the 
tool — this ramdly-rotating polishing-bmsh, with !ts thin flexible 
I wires conveying the power, I can handle as easily as If it wore a 
simple nail-bnuh ; (4) in greater cleanliness, no small benefit in 
this dirty, smoky age ; (5) and lastly, there is still one more 
advantage possessed oy this electric method of transmitting power 
that no other method can lay claim to — the power which durii^ 
the day-time may be mainly used for driving mat^inery co^ in 
the eanest possible way, be used during the niglit for giving 
light. I turn this handle one way, and the electric current 
coming by one of these wires and returning by the other works 
this el^tromotor ; now I turn the handle the other way, and 
the current which comes and returns by the same wires as before 
keeps this electric lamp glowing. [Experiment shown.] 

It might be said that the transmission of power by ebal-gas, 




5*0 


NATUm, 


which 1 have excluded froxc wy Uet, ioihls tluK oonditioi^ hut «o 
alio does the tnu^miasioit of pow^r ^ loaded coal'W4|gon. 
In both these cases, howevec, it is fuel ftself that is transmitted, 
and not the power obtained by burning the fuel at a distant 
place. 

Let us ^tudy this electric transmission a little in detail. 1 pull 
this handle, and the bell at the other end of the room rings; but 
in this case there is no visible motion of anything between the 
handle and the betl. [Electric bell rung by an electric current 
produced by pulling the handle of a very small magnetorelectric 
machine.] whether 1 ring the by pulling a wire, or by 
sendittg on air puflf, or by generating,' an dectric current by the 
exerUon of my^and, the wor k necessaiy /or ringing the is 
done by my hand exactly as if I took up a hand-l^ll and rang it. 
In eadh of the three cases I pul in the poworii one end of the 
arrangement, and it produces its effect at tlie other. In the 
electric transmission how does this power travel ? Well, we do 
not know. It may go through the wires, or thro^h the apace 
outside them. But although we arc really quite in the dark as 
to the mechanism by means of which the electric j>ower is trans- 
mitted, one thing we do know from experience, and that U this ; 
given any arrangement of familiar electrical combinations, then 
we can foretell the result. 

Our knowledge of electrical action in this respect resembles 
our knowleilgc of gravitation action. The only thing quite 
certain about the reason why a body falls to the ground is that 
we do not know it ; and yet astronomical phenomena can be pre- 
dicted w’Uh marvellous accuracy. 1 mention the analogy, smee 
some people fancy Wcause the answer to that oft ^repeated 
question, “What is electricity?** not only cannot be given 
exactly, but can only be guessed at in the hardest way, even by 
the most able, that therefore all electric action is haphazard. As 
well might the determinations of a ship's latitude at sea be 
regarded as a mere game of chance because we have not even a 
mental picture of the ropes that pull the earth and sun together. 

This power of producing an action at a di tance of many yards, 
or it may many miles, by the aid of electricity without the 
visible motion of any substance in the intervening siutce is by no 
means new. It is the essence of the electric telegraph ; and 
electric transmission of power was employed by Gauss and 
Weber when they sent the first electric message, 1 am trans- 
mitting power electrically w'hether I now work tnis small model 
needle telegraph in'lrument, or whether I turn this handle and 
set in motion that little electric fan, [Experiment shown.] 

But until about ten years ago the faculty that electricity gave 
for producing signals almost instantaneously at a great cUsiance 
was the main thing thought of. The electric power consumed 
for sending the telegraph messages was so small, the amount of 
power lost in route comparatively so valueless, that the telegraph 
engineer had no need to trouble himself with those considerations 
that govern us to-day when we are transmitting power large 
enou^ to work a factory or an electric tramway. Although 
there are as many as 22,560 galvanic cells at the Central Tele- 
graph Office, London, which cost some thousands annually to 
keep in order, what is that compared with the salaries of all the 
30^ auperintendenU, assistants, telegraph- clerks, iaesaertger««, 
and the maintenance of the 1150 telegraph lines that start from 
the Central Office ? 

In all the last three systems in my list some form of power, 
such as flowing water, or the potential energy stored ^ in coal, 
wood, zinc, or other fuel, has inilially to be utilized. Tius power 
is given to some form of air, water, or electric pump, which iraus* 
fere the air power to the air, water, o? electneity, by which it is 
conveyed to the other end of the system. There it is re-con- 
verted into useful mechanical power by means of an air, water, 
or electric motor. 

You will observe that I class together air, water, and electricity ; 
by that I do not mean to imply that electricity is a fluid, although 
in many res}>ects it acts like a fluid— ’ike a fluid of very little 
mass, however ; or, odd as it may seem, like a fluid moving 
extremely slowly, for electricity goes round sharp corners with 
perfect esse, and without any of the phenomena of momentum pos- 
sessed by rushing water. But what I i>nrticuJarly wish to impress 
on you by classing air, water, and eleclricity together is that electri- 
city is not, as some people seem to think, a something that can be 
burnt or in scoae way used np and so work got out of it. Elec- 
tricity is no more a sonrcc of power than a bell -wire is, electricity 
is a marvellously convenient ^ent for conveying a jmsh ora puli 
to a great distance, but it is not by the using up of the electricity 
that electric lights burn or that electromotors revolve. It is by 




the electriictty losing pressune, exactly as wider toMS headhwlien 
turning the tiwler’s wheel as it flows down hiU, that svork^ is 
eiectri^ly. 

This ntodcl ahows, in a rough, aymbdUcal what takes 
place in tile traasmi»SLon of power whether -by oar, water, or 
electricity. [ Modal shown. ] The working atnff, whiohaverof the 
three it may be, is first raise d in pessure apnd endowe*^! with 
eneigy, symbolised by this ball being ntiaed upinihe model t 
it then gradually loses pressure as it ppoceeds along the tube or 
wire which conveys it to the other :ena of the aystem, the loss of 
pressure being accompanied by an increase of spe^ or by its 
giving up power to the tube or wire and beating it. This is 
shown in the model by the ball gradually falling in its course. 
At the other end there is a great drop of pressure correi^ponding 
with a great transference of power from the working stun to the 
motor, and finally it comes back along the return pipe or wire, 
la|icttt« as ,it returns, all that remains of the pressme given to k 
ini.ially by the pump. The ball has, in fact, come Mck to its 
original level. ' 

Thc pEpblem of economically transmitting power by air, 
water, or electricity is the problem of causing one or other of 
these working stuffs— air, water, or electriciry— to economically 
perform the cycle I have described. 

In each of the four stages of the process— (i) transference of 
power to the working substance at the pump ; (2) conveyance 
of power to the distant place ; (3) transference of power from 
the working substance to the motor at the distant plooe ; 
{4) bringing back the working substance — there is a loss of 
power, and the efficiency of the arrangement depends on the 
amount of these four losses. The losses may be shortly called 
(1) loss at the pump; (2 and 4) loss on the road; (3) loss at 
the motor. 

Until 1870 the pump most generally employed for pumping 
up electricity and giving it pressure was the .galvanic battery — 
scientifically an extremely efficient converter of the energy in 
fuel into electric energy, only unfortunately the only fuel a 
battery will bum is .^lo expensive. A very perfect fire- place, in 
which there was very complete combustion, and very little loss 
of heat, but which had the mtsforiune that it would only bnrn 
the very best wax candles, would be analogous w ith a battery. 
'l‘he impossitulity of using zinc as fuel to commercially work 
electromotors hos been knowm for the last half-century, and the 
matter was very clearly put in an extremely ini eres ting paper 
“On Electro-magnetism as a Motive Power,’* read in 1857 by 
Mr. Hunt before the Institution of Ciril Engineers, a copy of 
which has been kindly lent me by Dr. Silvanus Thompson. 
Prof. William Thomson (Glasgow)— I quote from the dis- 
cussion oji the ]iaper— put the matter very pithily by show- 
ing that, even if it .were possible to construct a theoretically 
perfect electromotor, the best that could he hoped for, if it 
worked with a Daniell’s battery, would be the production of 
a one horse- power by ll»e - combustion of 2 pounds of zinc 
per hour, whereas with a good actual ateam-enpne of even 
thirty years ago, one horse- power could be produced V)y the 
combustion of exactly the same weight of tlw much cheaper 
fuel coal. This argument against the commercial employment 
of zinc to produce electric currents is inesistible, unless— ^and 
this is a very important consideEation, wbicli is only beginning to 
receive the attention it deserves— unless, 1 say, the compound nf 
zinc formed by the action of the battery can be redut^ again 
to metallic zinc by a comparatively inexpensive process, and 
the zinc used over and over again in the battery. If the com- 
^Hiund of ziuc obtained from riie battery be regarded as a waste 
product, then it would be much too expensive to work oven 
theoretically perfect electromotors, if imsy were existent, by 
consuming zinc. Suppose, Itowe^'cr, a process be devised by 
means of - which burnt zinc can be un burnt with an expenditure 
coipparnble with the hurntttg of the same weight of coal, then it 
mignt be that, although coal would still form the basis of our 
Ripply of eiiergy, the consumption of zinc batteries might be an 
im]:Kirtant intermediary in transforming the energy of coal, 
economcally, into mechanical energy. 

While, tiien, some experimenters are aiming at possibly increase 
ing the working power of a Ion of coal to eight times iU present 
value by earnestly seeking for a method of converting the-enei^ 
it contains directly into electric energy without the intervention 
of a wasteful heat engine, it should jsot be forgettea that in the 
cb^p unhurning of oxidised metal may lie another sohitieh. 

The solmion of ihU latter probiem is quite oonsismt whh the 
principles of the conservation and dissipation of -eneigy, flqhe 
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tlw heat reqnired to theoretically unbum i pound of xinc u only 
one^^veHth of that giYen out by the burning of i pound of coal. 
Furtlier, h hii^«N«s no commercial absardHy like that 'feaad in 
the ctl^latkme given in the prospeetuaee of many peiocwry 
bcLl t e ry c om p t a i ca, whkh are baaed, on zinc oKid«f a maienataied 
in the nmufaetare of pehit, maintaining its present price even if 
tHtmiaads of tons were produced. Unless all those who we 
primary betteHes on this expectation intend to have the pointem 
aohig up their houses all the year round, they will find themsehes 
possessed of the stock-in-trade of an oil and cotourman on a 
sct^ emly justified by a roaring business in paint. 

Now about waste No. 3, the waste of power at the motor. 
That also » gone into fully in the discussion on Mr. Hunt's paper, 
and Mr. Robert Stephenson concluded that dncussion by 
remarking '*that there could be no doubt, from what had been 
said, that the application of voltaic electricity in what ever shape 
it might be developed was entirely out of the question com- 
mercially speaking. . . . The (x>wer exhibited by electro- 
magnets extended through so small a space as to lie practically 
useless. A powerfal electro-magnet mi^t be compared for the 
sake of illustration to a steam-engine with an enormous piston, 
but with an exceedingly short stroke. Such an arrangement was 
well known to be very undesirable. ” 

And this ot^ection made with perfect justice against the 
cVectromotors of thirty years ago might also have been made to all 
the machines then existing for the mechanical production of electric 
currents, I have two coils of wire at the two sides of the 
platform joined together with two wires. 1 move this magnet 
backwards and forwards in front of this coil, and you observe 
the magnet suspended near the coll begins to swing in time with 
my hand. [Experiment shown.] Here you hare in its most 
rudimentary form the convetsioa of mechauical power into 
electric power, and the re-conversion of electric power into 
mechanical power ; but the apparatus at both enas has the 
defects pointed out by Mr. Hunt and all the speakers in the 
discussion on his paper — the efiect diminishes very rapidly as 
the distance separating the coil from the moving tna^ec 
increases. j 

As long as electromotors as well as the machines for the pro- [ 
duction of electric currents had this defect, the electric transmis- j 
sion of power was like carrying coals to Newcastle in a leaky , 
waggon, You would pay at least a ton for your coals in Bath, ' 
lose most of them on the w'ay, and sell any small portion that < 
had not tumbled out of the waggtm fnfr, liay, a ton at Newcastle ! 
— a commercial speculation not to he recommended. j 

A veiy great improvement in electromotors was made by i 
Paclnotti in i860, but although his new form of electromotor 1 
was described in 1864 it attracted but little attention, probably 
because any form of electromotor, no matter how perfect, was , 
commercially .almost useless until some much more economical ! 
method of producing electric currents had been devised than the j 
consumption of zinc and acids. Pacinotti's invention removed j 
from motors that great defect that had been so fully emphasized 
by the various speakers at the reading of Mr. Hunt's paper in 
1857. When describing his motor in the Nuovo Cimento in 
i8fi^ he pointed out that his principle was reversible, aiid that it 
might be used in a mechanical current generator. This idea was 
utilized by Gramme in 1870, who constructed the well-known 
Gramme dynamo for converting mechanical into electric power — 
a machine far more efficient than even Pacinotti bad contemplated 
— and gave Uie whole subject of electrical engineering a vigorous 
fons'ard impulse. Every subsequent maker of direct -current 
dynamos, or motors, has followed Gramme's example in utilizing 
the principle* devised by Pacinotti, which was as follows. In all 
the early forms of dynamos or motors there were a number of 
m^nets and a numl^r of coils of wire, the magnets moving re- 
latively to the coils, 'or the coils relatively to the magnets, as you 
see in this rather old specimen of aUemate-current dynamo. To 
produce magnetism by a large number of little magnets is not 
economical, and Pacinotti's device consisted in arranging a 
number of coils round a ring in the way shown in the large 
wooden model [model shown], so that they could ^ acted on 
by one laige magnet. Instead of frittering away his magnetism, 
Pacinotti Aowed how it could be concentrated, and thus he led 
the way to dynamos and motors becoming commercial machine?!. 
Pacinotti's science, engineered by Gramme, not only made 
electric lighting commercially^ possible, but led to electricity 
being usca as a valhable motive poWer. ' Tt ‘ was in their work 
that the electric transmission of power in its modem sense xprang 
into eadstence. 


Quite recently an improvement in the same direction has been 
mtiodttcad into altematc^current dynamos by Mr. W. N. Mewdey, 
fi>r he has replsced the many magnets of the ordioftiy aUenwie- 
correot dynamos witii one luge magnet, and so with his alter* 
nator weighing 41 hnndbedwei^, which you see m this hall, 
he has succeeded in obtahriog at a Kpe^ of 630 renointiaas per 
mimtte an ootpot of 53*6 liorm-|y>wer with a hi^ efficient. 

It may be convenient to mention at this stage the ytty valoalrie 
work that has been done by the Drs. Mopkinson, Mr. Crompton, 
Mr. aod othefs, in the taaptroving of dynamos and rantors 

by applying scientific prhiciplea in the construction of these 
machines. Were I Icctpring on dynamos and motors instead of 
on the electric transmission of power, I would explain to you 
how, by putting more iron into the rotating anaature, as it is 
called, and less wire on it, by shortening the stationary magnet, 
and generally by concentrati^ the magnetic acrion, these con- 
structors have raised the commercial efficiency of these machines 
to actually as high as between 93 ^od 94 per cent. ; further, 
how, by recognizing the force of the general |ninciples laid down 
by Prof. Perry and myself, as to the dtfiercnce that should exist in 
the constmetioe of a motor and a dynamo, Messrs. Imraisch 
have wcueeded in constructing strong, durable electromotors 
weighing not more than 62 pounds per effective bone- power 
developed. 

The subject is so entrancing to me, the results commercially 
w important, that I am strongly tempted to branch off, but the 
inexorable clock warns me that I mu-t concentrate my remarks 
as they have concentrated the magnetic action. 

87 J per cent, of the power put into an Edison- Hopkinson 
dynamo has actually been given out by the motor spindle when 
50 horse-power was being transmitted. How does this compare 
with the comhimd efficiencies of an air-pump and an air- motor, 
or of a water-pump and a water-motor ? I understand that in 
either of these cases 60 |>er cent, is considered a very satis- 
factory result. As far, then, as ihc terminal losses are concerned, 
electric transmission of power is certainly superior to air or water 
transmission. 

{To be continued.) 


SCIENTIFIC SERIALS. 

The Proceedings of the American Academy of Arts and 
Sciences for the year May 1887-88 contains many important papers. 
Among them we may mention one on the relative values of the 
atomic weights of hydrogen and oxygen, by Prof. J. P. Cooke 
and Mr. Richards, and a catalogue of all recorded meteorites, by 
Prof. Huntington. The volume also contains papers on the 
existence of oxygen, carbon, and certain other elements in the 
sun ; the first tw'o of these pap>ers are chiefly remarkable for the 
absence of reference to the literature of the subjects, and it is 
charitable to suppose that this proceeds from the authors' 
ignorance. 

ButUtin dc PAeadlmie Royale de Belf^ique^ June 30.— On the 
physical aspect of Mars during the opposition of 1888# by L. 
Niesten, An image of the planet taken by the author on May 5 
shows that the so-called continent was again visible, which M. 
Perrotin had reported as having disappeared during the opposi- 
tion of 1886. Analogous though less marked mwifications in 
the form and colour of the spots seem to imply that these 
changes are periodical. The papCT is illustrated by two success- 
fill photographs of the planetary disk, showing its app>earance on 
Ayril 29 and May 5, 1888, — Fresh researches on the optic origin 
of the spectral rays in connection with the undulatory theory of 
light, by C. Fievez* A new interpretation of the spectral rays 
is here oflfered by the author, who regards spectral phenomena as 
a particular case of optical interferences. According to this view 
luminous rays would produce at a given point of the spectrum a 
vibratory movement, whose mtensity might be maximum or 
minimum according as one of the rays follows another by an even 
or uneven number of half wave-lengths. A spectrum presenting 
dark or bright rays would always proceed, not from a luminous 
source, but froth at least two different sources. It would thus 
indicate the nature of the rays, whose undulatory movement was 
disturbed by the simultaneous action of the various luminous 
sources. M. Fievez concludes that KirchhofPs absorption theory 
does not alone suffice to explain the observed facts, which may 
also be interpreted by means of the undulatory theory of Imht. 
His views are supported by a number of ingenious and skiltully 
executed experiments in spectral analysis. 
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JitndiconH dd Betde Istituto Lom^rdo^VAy* — Contribution 
t6 the study of unilnterut hnlluctnAtions, fay Prof. A. Kaggi. 
Reference is tnade to two casee of what may be called ** one'* 
aMed hallucinntion* in one of which the lei^ ear, in the other 
the left eye, was affected, the oorretponding omans on the 
eppoaite side remaining perfectly sound. The complex character 
of the phenomena described^ as well as their distinctly psyches 
lofidchl nature, left no doubt that these were cases of true 
hatiucination, although a subordinate influence in their production 
might possibly be attributed to the state of the organs themselves. 
^ the other hand, mention was made of a somewhat doubtful 
case ^ double hallucination as connected with the same order of 
menul phenomena. 

Bvdhiin deTAeadhnU Imph iaUdes Sciencts de St, Pitersbourg^ 
tome xaxii. No. 2. — On the r^ularity of the structure of conti- 
nents, by A. Karpinsky (in German).— On a journey to the 
Karaites of the western provinces of Russia, by W, Kadloff (in 
German). Those of Troki.in Lithuania, Lutsk, and Kovno, are 
speaking a Turkish dialect with a considerable admixture of 
PoUthf Lithuanian, and White- Russian words. — Supplementary 
notes with regard to the catalogue of stars published by the 
Pulkova Ubservatorj^, by O, Backlund. — Researches into the 
energy of chemical combination, by N. Beketoff (in French), 
being, a continuation of former researches, now extended to 
pQtasrium and lithium oxides. — On the polarization -photometer 
and its application to technical purposes, by H. Wild. — On the 
influence of iodoform and iodine on the isoburylate of natrium, 
by A. Gorboff and A. Kessler. — Notes on the new edition of the 
i Jamab,” published at Ka^an in 1887, byC- Salemann, 
with a plate showing the kinship of various Persian dialects (all 
in German)^ 


SOCIETIES AND ACADEMIES. 

Paris. 

Academy of Sciences, September 10. — M. Des Cloizeaux 
In the chair. — ^Remark on a point in the theory of secular 
irregularities, by M, F, Tissernnd. The reference is to Le 
Verricris statement regarding the -stability of the planetary 
system, in connection with a certain jiosition between Jupiter 
and the sun, determined at about double the distance of the 
ehrth from the sun. An attempt i*^ made to ascertain whether 
there exists an analogous position, in -v^hich the originally slight 
eccentricity of the orbit of a small mnss might gradually assume 
proportions calculated to disturb the generj equilibrium of the 
system. — The French vines, by M, A. Chatin. The treatment 
is described, by which a vineyard nt Meyzieux, Is^re, has been 
preserved, like a green oasis, in the midst of the wilderness 
created round about by the combined attacks of Phylloxera, 
mildew, and black rot. The treatment consists partly in a 
systematic process of nippings (PbofgncmeHts), ^rtly in the ap- 
plication of a strong manure, inclu<lirig granulated phosphorus 
and products, with a base of nitrogen, potassa, and lime. — 
Degree of oxidation in the fluorcscenf compounds of chromium 
and manganese (continued), by M. Lccoq de Boisbaudran. 
Several experiments are described tending to show that the 
jiink compound is the real cause of the fluorescence. — Observa- 
tions of Barnard’s new comet, made at the Paris Observatory 
(equatorial of the West Tower), by M. G. Bigonrdan. This 
comet, discovered on September 2 at the Lick Observatory, 
showed on September 5 a round nebulosity from I'to i'*5 m 
diameter, with somewhat stellar nucleus of ir^~i2 magnitude, 
not occupyingthe centre of the nebuh>sif3\— Positions of Brooks’s 
comet (August 7, 1888), measured at the Observatory of Be- 
sanfon, by M. Gruey. The obscrv'allons are for August 9-i3, 
when the magnitude varied from 7 to 9.-- On the planet Mars, 
by M. Perrotin. The^e remarks are made in connection with 
four new designs of Mars, forminc a sequel to those published 
in the C^mftis rendus of July to. They still show the two 
canals— one simple, one douDlc— running from the equatorial 
region nearly along the meridian towards the North Pole. A 
Slew canal is also revealed which present<^ the appearance of a 
straight dark band traversing the while Polar ice-cap.— On the 
chlorides of indium, by MM. L. Y. Nihun and Otto Pettersson* 
To (he previously-determined trichloride, InCI^ authors here 
add three distinct and stable chlorides. These are a trichloride, 
InCI|, a dichloride, InCV and a monochloride, InCi, showing 
that a metal of the third group in the natural system of th« 
eleineotB may act as a mono-, a di-, and a tri-valent in clearly- 
defined combinationg.— On the part played by symbiosis (n I 


certain luminous marine animals, by M. Raphael Dubols, ‘ In 
previous communications the authors showed that the funda- 
mental teaction necessary to produce animal li^noaity wai of 
the same order as those etfectea under the aotM Of the immenta« 
Their further studies of Badt/us pkola^ and BmsUrium 
the respective parasites of Phclas daefplm and P^le^pia noctUma^ 
enable them to reconcile their theory of photogenous fermeota- 
tion with the hypothesis of the oxidation of a phosphorated sab- 
stance, as proposed by some biologists. These researches also 
help to explain how marine phosphorescence may be caused by 
the disintegration of marine animals, and how this phenomenon 
may cease or reappear, and assume various degrees of intensity, 
according to circumstances.— On the myelocytes of the Inverte- 
brates, by M. Joannes Chatin. Hitherto spoken of as present 
in the organism of the Vertebrates alone, the author here shows 
that the myelocyte formation occurs also in the Invertebrates. 
He makes it evident that they cannot be assimilated to free 
nttc/dt but represent tnie cellules normally constructed, with all 
their essential parts. He further points out that the intimate 
structure and real nature of the myelocytes may be studied 
much more conveniently in the lower than in the higher 
organisms. — On Hetrrodera schitekiii. by M. Willot. In con- 
nection with his recent communication (Comptis rendus^ 
August 3), on the destruction of this micro-organism by sea- 
water, the author points out that Dr. Strubell, of the University 
of Erlangen, has independently, but subsequently, made the 
same discovery. 
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THE FAUNA OF BRITISH INDIA. 

The Fauna ef British India^ including Ceylon and Burma, 
“ Mammalia.” By W. T. Blanford, F.R.S. Part I. 
Published under the authority of the Secretary of 
State for India in Council. (London : Taylor and 
Francis, 1S88.) 

A mong the various methods which may be adopted 
in the composition of zoological monographs, the 
two most prevalent are those in which either the natural 
group or the geographical region is taken as the basis. 
A particular section of the animal kingdom may be 
selected, an4 the structure, history, affinities, varieties, 
and distribution of its members worked out, or a parti- 
cular region of the earth’s surface may be taken, and the 
whole of its varied inhabitants described. 

Monographs of groups and of fauna both have their 
value, and the success obtamed in undertaking one or 
the other will depend much upon the special facilities of 
the investigator. From a strictly scientific point of view 
the former generally produce the best result. There is 
more cohesion, or naturalness, so to speak, in such a 
group, whether genus, family, or order ; and anyone 
seriously endeavouring to trace the modifications of its 
members through all known forms, especially if the 
extinct can be united with the existing, has a better 
chance of getting a complete comprehension of the rela- 
tions of all the parts of his subject than one who has to 
deal with the disjointed fragments of a large number of 
groups, brought by various circumstances together upon ' 
one part of the earth’s surface — work, moreover, in many 
parts of which he^^must necessarily be largely dependent 
upon the labours of others. 

On the other hand, for practical convenience, faunistic 
works are in greater demand than monographs on groups, 
especially if they treat of regions so imporunt to the 
educated and civilized world as British India. We may 
even, in such a case, allow the weight of social and 
political rather than purely scientific boundaries in 
defining the range of the territory comprehended in the 
work. There is a very natural and laudable desire on 
the part of the large continually increasing number 
of residents and travellers in our Indian Empire to 
obtain some definite knowledge of the varied and inter- 
esting forms of animal life by which they are surrounded, 
and it is gratifying to see that the Government of that 
great dependency has recognized its responsibility in this 
matter, and has given its authority to the preparation 
of a series of descriptive manuals on Indian zoology. 
The limits adopted for the fauna arc those of the 
dependencies of India, with the addition of Ceylon, 
which, although British, is not under the Indian Govern- 
ment, Within the limits thus defined are comprised all 
Indin proper and the Himalayas, the Punjab, Sind, Balu- 
chl8t|in,>^ the Kashmir terntories, with Gilgit, Laddk, 
Sikhim, Bhutan, and other Cis- Himalayan 
BtiUes,;i|iuMm, the countries between Assam and Burma, 
«Sch ft! m Kbdsi and Naga Hills and Manipur, the 
Vbi; xaixviii.— NO. 987- 


whole o£' Burma, with Karennee and Tenasserim, and the 
Mergui Archipelago, and, lastly, the Andaman and the 
Nicobar Islands. Afghanistan, Kashgaria, Tibet, Yunnan, 
Siam, and the Malay Peninsula south of Tenasserim a;lre 
excluded. A few States, such as Nepal and Bhutan, at 
present not accessible .to Europeans, are comprised, 
because it would be difficult to leave them out ; ^arcely 
an animal occurs in either not found also in British 
territories or in protected States such as Sikhim. 

For the present it is proposed to restrict the publication 
to the Vertebrata, and to complete the work in seven 
volumes of about 500 pages each. One of these volumes 
will contain the Mammals, three will be required for the 
Birds, one for the Reptiles and Batrachians, and two for 
the Fishes. The authorship of the volumes on Fishes has 
been undertaken by Mr. F. Day, C.I.E. ; the Reptilia and 
Batrachia will be described by Mr. Bou longer ; 

whilst the Birds will, it is hoped, be taken in^hand by Mr. 
E. W. Oates, author of the “ Birds of British India.” The 
editorship of the whole has been intrusted to Mr. W. T, 
Bianford, F.R.S., than whom few men could be found 
better qualified for such an undertaking. Long-continued 
employment in connection with the Geological Survey of 
India has made him familiar with the natural features of 
every part of the country ; his qualifications as a field 
naturalist have been abundantly displayed in the published 
results of his scientific excursions to Persia and Abyssinia ; 
and he has had recently, during several years^ residence in 
London, ample opportunity of examining and comparing 
all that bears upon the subject, which is gathered together 
or recorded in our national collections and libraries at 
home. 

Mr. Blanford has himself undertaken the volume 
describing the Mammals, and has now given us the first 
part as an instalment, consisting of 250 pages, and con- 
taining the orders Primates, Carnivora, nn<J Insectivora. 
Notwithstanding the great advance that this work shows 
over that of Jerdon, published twenty- one years ago, 
especially in scientific method, critical discrimination of 
specific distinctions, and attention to the rules of nomen- 
clature, in all of which it leaves nothing to be desired, it 
is still interesting to observe how much remains to be 
done, even in such a comparatively well- worn field as the 
Mammals of India, and how insufficient even our largest 
collections still are for perfecting such a work. For 
instance, the materials for a critical and exhaustive 
examination of the interesting genus of monkeys, Semno- 
fi/thecust are obviously wanting at present. Fourteen 
species of the genus are assigned by the author to British 
India, but doubts are expressed as to the real distinction 
of several of them, the characters of which are taken from 
an extremely limited number of examples, and it is stated 
that very little is known of their breeding habits and life- 
history in general. The variations, habits, and geo- 
graphical distribution of the smaller Felidce and Viverridte 
offer an interesting field for future investigators, though 
Mr. Blanford has done much to clear away the confusion 
in which the synonymy of these groups had been 
involved by previous and less careful and conscientious 
workers. The account of the Insectivora has been 
derived lazgely from Mr. Dobson's excellent monograph 
of that order, the concluding still unpublished part of 



5^4 






pt. 27, 




j^hM^ conlsuning ^^pr^ttUe, has been plated by the 
iltitW at Mr. BlaUford’s dispoAal for the purpose. 

, 't!1»e tompltte the^h copde^d accounts of the habits 
ief ihe animats dbfl^bed«,i^ they are known on 

gOodjM»t^rity,#l8.kttake'^ wi5^ with not 

ttfeirtcBy ais^entidp } but aft padding made up of 

ili-authi^etic^ted, fancihil, or exaggerated storiesi or of 
pencmal narratives of sport and adventure, been 
c^efully mffcluded, as becomes the^aracter of ailich a 
#drk da this is intended to be. 

. the most difficult questions tl^t always arises 

. in editing a work cm natural history is that relating to 
the ntimber and nature of the illustrations most suitable 
for its purpose. Figures are, without doubt, a great hotp 
to all classes of readers, and, other things being equal, the 
more numerous and better they are the more useful the 
book. But then comes in the question of cost, the bear- 
ings of which have carefully to be considered from a 
business point of view. A book that is intended to have 
a fairly extensive distribution must not be overweighted 
in this respect, or much of its utility will be lost. Mr. 
Blanford has evidently considered it best to sacrifice 
something of artistic effect and uniformity of character 
in his illustrations, for the sake of increasing their num- 
ber and keeping the work within moderate compass as to 
price. With regard to the spirited little sketches of the 
external forms of animals, many of which are taken from 
the unpunished drawings of Colonel Tickell and Mr. 
Hodgson in the possession of the Zoological Society, the 
work of the Typographic Etching Company answers its 
purpose sufficiently well ; but we cannot say the same of 
the figures of the skulls, which compare badly with wood- 
of which a sufficient number (mostly, if not all, 
borrowed from other works) are introduced to make the 
contrast somewhat striking. These, however, are minor 
blemishes, which,. we trust, are compensated by economy 
in production, and consequent advantage to the purchaser 
of the work ; but the absence of scale to the figures, 
which is sometimes embarrassing, is an omission which 
might easily have been rectified. 

The general form and typography of the work are all 
that can be desired^ and we cordially welcome it as an 
instalment of what promises to be not only a most valu- 
able aid tb the knowledge of the natural history of one 
of the most important portions of our Empire, but also a 
standard contribution to zoological science in general. 

W. H. F, 


OC/J^ BOOK SHELF. 

FlPra of the North-Ea&t of Ireland. By S. A. Stewart 
and the late T. H. Corrv, Pp. 331. (Cambridge: 
Macmillan and Bowes, 1886). 

Local “ Floras ” have not been produced at the same 
rate in Ireland as in England, but Irish botanists are 
be^nning to exercise more activity in this direction. 
It >8 true that there previously existed a catalogue of th« 
plants of this region, together with localities of the rat!cr 
op6s, in Dickie's “ Flora of Ulster (1864) ; and the twelfth 
district of Moore and More's Contributions towards a 
Cybele Hibemica^ (i866) is conterminous with the area 
of the book under consideration ; btit both of these works 
are incomplete, and imperfect m regard to what ate lerm^ 
^ critical species,^ 


The present book, we are informed 
attempt to give a full ttustworthy the native- 

vegetation of the counties of Dowti, J||l||Kffad Derry ; 
an undertaking that was projected some ®pll® since by the* 
late T. H, Corry, M.A., and the siiiwrW 0 ||| edbor. The 
lamentable and premature death of Mr. Co^ rw drown- 
ing, together with his friend and companio n j^^^^ ckson,. 
in Lough Gill, on a botanizing excursion IttiPli&win be 
remembered by most botanists. This sad 
ably retarded the appearance of the work, as Mr. ^wart's 
duties as Curator of the Belfast Museum left him little- 
time for the task. 

A brief history of botanical discovery, and the biblio- 
graphy of what has been published, precede equally short 
paragraphs on the geography, geology, climate, 
of the country. Then follows the enumeration, which 
includes Soj flowering plants and ferns, 293 mosses, and 
73 liverworts. Babington's “ Manual of British Botany,” 
which contains 1 524 vascular plants in the entire British 
flora, has been taken as the standard of the " Flora of the- 
North-East of Ireland,” though deviations in nomenclature 
have been made — in accordance with the rules of priority,. 
Mr. Stewart explains. 

The volume is a small and handy one, not overladen 
with localities, which is a distinct advantage over many 
similar works ; but it has also certain defects, which, if 
pointed out, may possibly be remedied in a later edition. 
In the first place, there is no map of the country, a scriouS' 
curtailment of its possible usefulness. Another defect, 
only the initial letter of the generic name is carried 
forward from page to page, though there is invariably 
ample space to repeal the name in full ; therefore it fs 
necessary to turn back to the beginning of the genus to- 
ascertain what is intended. The same thing is noticeable 
in the index. 

With regard to the purely literary part of the work^ 
more particularly that relating to the priority and author- 
ship of names, it would obviously have been better had 
the author adhered strictly to the la^t edition of Babington's 
“ Manual ” or the last edition of the “ London Catalogue.”' 
for this part of the subject is just now in a transitional stage, 
and without a very complete botanical libjrar>Mt is impossible 
to do more than add to the existing confusion. We have 
no sympathy with those who adhere strictly to the ^Maw 
of priority,” because it entails endless changes of familiar 
names, and sacrifices convenience without any correspond- 
ing advantage. The fall of one genus often carries several 
others with it, and until the whole of the literature of 
binominal botany has been thoroughly examined there is 
no saying where the changes will stop. At the same time, 
if it is 10 be done, it should be done thoroughly, once 
for all. 

Having turned up at random about half-a-dozen nameiK 
concerning which there was some ambiguity, we found 
that the author was wrong in each instance. Thus, “ A'iz^- 
turtiuni palustre (WilldJ, D.C.,” should be A^. Urresire^. 
B. Br, ; Lrpidium Smitkii (Linn.), Hooker,” ** L, hefero* 
phyllum^ Benth. ; Hypericum tetrapterum^ Fries, » 
H. guadratum^ Stokes ; “ Lotus ptlosus, Beeke (Z. majors 
Sm),” L, uitffiHosus^ Schkuhr, and so on to the end- 
Whether the older names here cited arc the oldest of all 
for the plants in question under the accepted genera ia 
uncertain. Somebody some day may find names for wme' 
of these plants a week or two older, and then cotaes* 
another change ! 

More interesting are some of the local names cited by 
Stewart, such as Tormenting Root {Fotentitia Tormmtiiki)^ 
Mashcoms {Potentilla. Anserina), Kose^noble 
hria nodosa)^ and WelMnk {yerokica 
Britten and Holland have all these names, or BMtty ibfr 
same. Thus, mascoms, and other variations, for the sadik 
{dam in Scotland 

w.a. H* 
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V ^ EDITOR. 

(j^Jlr hold kimtilf rtip^mibtt for 0pi9UoHt 

^iATtsfondenU, Jhtik^ cam ho under- 
^ comepond iiiitk the vtriiirs of 
temim m^mtriple iniendtd for thU or any oihor part 
U takon of emomymous communi- 

s ' fiUctric Fiftbeq, 

Wlltl.it % WAS fishing for cod the other day off Walmer, I 
took AD in my band a ^mall whiting pout that was flop ping about 
in the oottom of the boat, when I received what appeared to me 
a slight though distinct electric shock in the palm of my hand, 
whhm . made me exclaim at once, ** That fish has given me an 
electric shock.” On asking the fisherman (seventy years of a^e) I 
if he had known of such a thing occurring before, he said that 
he had ** heard tell of it,” and on inquiring further I found that 
he was referring to whiting pout and not to any other fish. He 
had never, however, noticed anything of the kind himself. 

It will be interesting to know if any of your correspondents 
can confirm the observation. W. H. Corfikld. 

Savile Row, W., Scplcnibsr 22 . 


Sonorous Sands. 

The communication of Mr. Cecil Carus-Wilson in Nature 
of August 30 (p. 415), induces us to state that we are rapidly 
bringing to completion, and preparing for publication, an ex- 
haustive study of " Sea, Lake, River, and Desert Sands ” in their 
geological, physical, and chemical aspects. Our researches have 
•extended over a period ttf six years, and are based on studies 
made in the field, in the laboratory, and with the microscope, and 
will be found to embrace many novel facts and original views. 
We have collected in person^ by corresi>ondence, and with the 
nid of the Life Saving Service of the United States, and of the 
Smithsonian Institution, several hundred specimens of sands and 
-silts from localities in America, Europe, Africa, and Asia: 
•these we have subjected to systematic examination and have 
•tabulated the result*;. 

The interesting phenomena of ” musical sands,” so called, 
have also been made special objects of our investigations, result- 
ing in the discovery of many new localities, and of novel 
properties, as well as of the circumstances connected with the 
■origin, prixluction, and extinction of the sonorous qualities from 
which these sands receive their name. P'urlhermore, we have 
traced the history of musical sands through the literature of many j 
centuries, and nave brought together from widely scattered 
sources memoirs and notices of both scientific and popular ' 
interest. Througliout our work the bibliography of the subject 
has not been neglected, and we have availed ourselveR of the | 
jphotop-aphic art for the purposes of illustration. We beg leave ' 
to make this preliminary announcement because our researches ! 
have been lengthened far beyond our expectations, and their 
ipubUcation (save in a few abstracts in the Proceedings of the 
American AsRociHtion for the Advancement of Science) 
'ttnavoidably delayed. 

With regard to the occurrence of musical sand in Europe, the 
existence of which is unknown to Mr. Carus- Wilson, we may add 
that we have specimens from various localities, and the literature 
lOf the subject is accessible to everyone. 

H. Carkington Bolton. 

Alexis A. Julien, 

London and New York, September i. 


Youk correspondent in Nature of the 30th ult. (p. 415), 
fnentions a iea-beach in Dorsetshire as the only place in the 

M oth, bbsides the Island of Eigg, where " musical " sand 
to occur. This sumtocr I found the sand In Lunan 
Boy (Forfarshire) to be distinctly sdnnrous, The'sound occurred 
•Oh labridg foot across the sand, or thoving a walking-stick 

Or thh The sound was Httfe inferior to mat In Eigg. *nte 

4 Ht«Xiitioii of a fisherman having been directed to the circumstance, 
be Wormed hujfhey were quite aware of the occurrence, and that 
tibitnd was frequently much loudkr than on the day I was 
1 !helW^ dei^dUig, l presume, on the stotf of the sandf and of 
(Use He also mentidn^ thoi (he 'iound occurs in 

Bay. Z oMmd best result was 

pm mnd woe mom^f dry. 184 littlte or no 
lifa* a gmt^ of tnoistuire as 


gave a good result in Eigg. The form and composition of the 
sand -grains differ considerably in the two localities. It moM 
probable that sand of this character occurs in more localities 
hitherto supposed. * K. 

Torquay, September 8, ^ 


, THE LATE AETI/r/^ BUCHHEJM. 

I HaVe been reqnteted, and feel it a melancholy satis- 
faction, to notich in the columns of Nature tho 
premature decease onthe9th inst.,atthe age of twenty- nint^ 
of Mr. Arthur &ttchhd 2 Ai, for many years Mathematical 
Master at the Manchester Graimnar School. 

He was educated at the City of London School, whence 
he proceeded to Oxford, and gained an open Scholatship 
at New College there. He was a favourite pupil of the late 
Henry Smith, my distinguished predecessor in the Savilian 
Professorship of Geometry, who always spoke of him as the 
most promising young mathematician that had appeared in 
the University of Oxford for a long series of years. I 
am not able to speak of his earlier work as an original 
investigator, but know and value highly his contribution^ 
to the great subject which engaged the principal part of 
my own attention during the transition period between 
my residence in Baltimore and at Oxford, and to which I 
have given the name of Universal Algebra. He was 
a man of singular modesty and goodness of heart, which 
made him beloved by all who were brought into connec- 
tion with him. Had his life been spared, I think we may 
safely say of him what Newton said of Horrocks, that we 
should have known something of what may now probably 
remain long unknown. 

His life, it is to be feared, may have been shortened by 
his intense application to study, as after the arduous 
labour of the day he would sit up at night to study lan- 
guages such as Sanskrit, Persian, Chinese, and Russian, 
almost any one of which was sufficient in itself to occupy 
his undivided attention. 

After leaving Oxford he studied for some time under 
Prof. Klein at Leipzig. This episode in his life no doubt 
contributed to widening his intellectual horizon, but at 
the same time had the unfortunate effect of getting him 
out of the style of ordinary English University Examin- 
ations, in consequence of which he abstained, although 
strongly pressed by the authorities to do so, from offering 
himself as a candidate for a vacant Fellowship at the 
College of which he was a Scholar. 

He comes of an intellectual stock, his father being the 
well-known Prof. C. A. Buchheim, of King^s College, 
London. 

Up to the last, after he had been obliged from ill 
health to resign his appointment at Manchester, he con- 
tinued in harness, and made a communication to the 
London Mathematical Society at the monthly meeting 
in May or June last 

1 have been funushed with a list of his published 
papers, fourteen in number, up to the year 1885 (ex- 
clusive), of which four appeared in the Proceedings of 
the London Mathematical Society, eight in the Cambridge 
M^ssen^erof Mat/tematieSf one in the American Jaum^i 
of MatkemoMts^ and one (November 1884) in the Philo- 
sophical This last was entitled, “ On Prof. 

Sylvesters Third Law of Motion/' with which, I regret 
to s^, I was previously unacquainted. 

The three laws of motion ” of which it forms one were 
formulated by ine in one of the J'Ohns Hopkins Circulars, 
and It w a proof of the keenness of bis research, that the 
subject of this notice (probably the only mathematician in 
Europe) sbotild have made himself so well acquainted 
with them as to bO dlde to write an independent }^per on 
the subject. They hive no direct connection (exc^t iu 
a sepse) with mechanical principles) but are 

I wMcb I RWia that teiifc aeoording to which motton in {ipacc U 
to ha riswtiad m ooly a panicMlar (vltaaticed) iiutunce of chBUg* tW oetu* 



NATURE 


516 


\S0- * 7 . * 8^8 


three cardinal principles in my Theory of Universal 
Algebra, between which and Newton's Three Laws of 
Motion 1 considered that I had succeeded in establishing 
a One-to-one correspondence. J. J. Sylvester. 

Athenseum Club, September 23. 


THE BRITISH ASSOCIATION 

SECTION H. 

ANTHROPOLOGY. 

Opsnino Address by Lieutenant-Gknbral Pitt-Rivers, 
D.C.L-, F.U.S., F.G.S., F.S.A., President of the 
Sbction. 

I. 

Having been much occupied up to within the last week in 
my own special branch of anthropology, and in bringing out the 
second valume of my excavations in Dorsetshire, which 1 wished 
to have ready for those who are interested in the subject on the 
occasion of this meeting, 1 regret that I have been unable to 
prepare an address upon a general subject as 1 could have wished 
to do, and am compelled to limit my remarks to matters on 
which I have been recently engaged. Also, 1 wish to make a 
few observations on the means to be taken to promulgate anthro- 
pological knowledge and render it a^ a^lable for the education of 
the masses. 

Taking the last-mentioned subject 6rst, 1 will commence with 
anthropological mus^ms, to which 1 have given attention for 
many years. In my judgment, an institution that is dedicated to 
the Muses should be something more than a store, it should 
have some backbone in it. It should be in itself a means of 
conveying knowledge, and not a mere repository of objects from 
which knowledge can be culled by those who know where to 
look for it. A national museum, created and maintained at the 
public expense, should be available for public instruction, and 
not solely a place of reference for savants, 

I do not deny the necessity that exists for museum stores for 
the use of students, but I maintain that, side by side with such 
stores, there should in these days exist museums instructively 
arranged for the bent fit of those who have no time to study, 
and for whom the practical results of anthropological and other, 
scientific investigations are quite as important as for savants. 

The one ^reat feature which it is desirable to emphasize in 
connection with the exhibition of archaeological and ethnological 
specimens is evolution. To impress upon the mind the con- 
ttauity and historical sequence of the arts of life, is, without 
doubt, one of the most important lessons to be inculcated. It 
is only of late years that the development of social institutions 
has at all entered into the design of educational histories. And 
the arts of life, so far as I am aware, have never formed part of 
any educational series. Yet as a study of evolution they are the 
most important of all, because in them the connecting links 
between the various phases of development can be better 
displayed. 

The relative value of any subject for this purpose is not in 
proportion to the intercut which attaches to the subject in the 
abstract. I^iws, customs, and institutions may Mrhaps be 
regarded as of greater importance than the arts of life, but for 
anthropological purposes they are of less value, because in them, 
previously to the introduction of writing, the dilTerent phases of 
development, as soon as they are superseded by new ideas, arc 
entirely lost and cannot be reproduced except in imagination. 
Whereas in the arts of life, in which ideas fire embodied in 
material forms, the connecting links are in many eases preserved, 
and can be replaced in their proper sequence by means of 
antiquities. 

For this reason the studv of the arts of life ouf^t always to 
precede the study of social evolution, in order that the student 
mify learn to make allowance for mluing links, and to avoid 
sopninns and the supposition of laws and tendencies which have 
no existence in reality. 

To ascertain the true causes for oil the phenomena of human 
life is the mein object of anthropological research, and it is 
obvious the! this b octter done in those branches in which the 
continuity b best preserved. 

In the study of natural history, exbting animals are regarded , 
os present phases in the development of species, and their vhhie 


to the biological student depends, not so their being of 

the highest oiganism, as on the palseonOcwnpcsl sequence by 
which their history is capable of being establlMied* In the seme 
way exbting laws, institutions, and arts, ^erever they ore 
found in th»r respective stages of perfection, ere to he redded 
simply as existing strata in the development of human lifo, and 
their value from an anthropological point of Wew d^eods on 
the facilities they afford for studying their history. 

If 1 am right in this view of the matter, it is evident that the 
arts of life are of paramount importance, because they admit of 
being arranged in cases by means of antiquities in tne order in 
which they actually occurred, and by that means they serve to 
illustrate the development of other branches which cannot be so 
arranged, and the continuity of which is therefore not open to 
visual demonstration for the benefit of the unlearned. 

It b now considerably over thirty years since 2 first began to 
pay attention to this subject. Having been employed in experi- 
menting with new inventions in fire-arms, submitted to H.M. 
Government in 1852-53, I drew up in 1858 a paper which was 
published in the United Service Journal^ showing the continuity 
observable in the various ideas submitted for adoption in the 
army at that time. 

liter, in 1867-68 69, I published three papers, which, in 
order to adapt them to the institution at which they were read, I 
called “Lectures on Primitive Warfare,” but which, in reaUty, 
were treatises on the development of primitive weapons, in 
which it was shown how the earliest weapons of savages arose 
from the selection of natural forms of sticks and stones, and 
were developed gradually into the forms in which they are now 
used. 1 al'O traced the development of the forms of implements 
of the Bronze Age and their transition into those of the Iron Age, 
These natters were followed by others on the same subject read 
at the Royal Institution and elsewhere, relating to the develop- 
ment of special branches, such as early modes of navigation, 
forms of ornament, primitive lockif anti keys, the distribution of 
the Iww, and its development into what I termed the composite 
bow in Asia and America, and other subjects. 

Meanwhile I had formed a museum, in which the objects to 
which the papers related were arranged in developmental order. 
This was exhibited by the Science and Art Department at 
Bethnal Green from 1874 to 1878, and at South Kensington 
from that date to 1885 ; and a catalogue ratsonni publiAed 
by the Department, which went through two editions. After 
that, wishing to find a permanent home for it, where it would 
increase and multiply, i presented it to the University of Oxford, 
the University having granted £10,000 to build a museum to 
contain it. It is there known as the “ Pitt- Rivers Collection,’' 
and is arranged in the same order as at South Kensington. Profi 
Moseley has devoted much attention to the removal and re- 
arrangement of it up to the time of his recent, but I trust only 
temporary, lllnes.s, which has been so great a loss to the Univer- 
sity, and which has been felt by no one connected with it more 
than by myself, for whilst his great experience as a traveller and 
anthropologist enabled him to improve and add to it, he bos at 
the same time always shown every disposition to do justice to the 
original collection. Since Prof. Moseley’s illness it has been in 
the charge of Mr. H. Balfour, who, I am sure, will follow in the 
steps of his predecessor and former chief, and will do his best to 
enlaige and improve it. He has already added a new series in 
relation to the ornameotation of arrow stems, which has been 
published by the Anthropological Institute, It appears, how- 
ever, desirable that the same system should be established in 
other places, and with that view I have for some time post been 
collecting the materials for a new museum, which, if I live long 
enough to complete it, 1 shall firobably plant ebewhere. 

Before presentii^ tike collection to Oxford 1 hod ofiered it to 
the Government, in the hope that it might form the nucleuR of 4 
large educational museum arranged upon the 8y^tem of devefop- 
ment which I had adopted. A very competent Committee was 
impolnted to consider the offer, which recommended that it 
should be accepted, hut the Government declined to do so ; one 
of the reasons assigued being that some of the authorities of the 
British Museum thought it undesirable that two ethnognq>hlca) 
museums should exist 7 n London at the same titn6 ; tms, honVr 
ever, entirely waives the question of the totally different objects 
that the two museums (at Wst that part of them which relatei to 
ethnographical spedmens) are intended to serve. 

The British Museumt with its enomtous treasures of mt, ^ 
itself only in a moUuseotti and invertebrate condition ofde«e^>- 
ment For the education of the masses it is of no use wbntc^* 
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It produces but confusion in the minds of those who 

wander through Hs long (mlleries with but little knowledge of 
the periods to which the injects contained in them relate. The 
nepessity of stodng all that can be obtained, and all that is pre- 
tented to them in the way of specimens, precludes the possibility 
of a scientific or an educational arrangement. 

Bv the published returns of the Museum it appears that there 
has oeen a gradual falling in the number of visitors since 1882, 
when the number was 767,873, to 1887, when it bad declined to 
^01,256. This may be partly owing to the increased claims of 
bands and switchbacks upon public attention, but it cannot be 
owin^ to the removal of the Natural History Museum to South 
Kensington, as has been suggested, because the space formerly 
occupied ty those collections at Bloomsbury has been since 
fitlea with objects of greater general interest, and the galleries 
iiave been considerably enlarged. 

The Science and Art Department at South Kensington has 
done much for higher education, but for the education of the 
masses it is of no more use than the British Museum, for the 
same reason, that its collections are not arranged in sequence, 
and its galleries are not properly adapted for such an arrange- 
ment. Besides these establishments, annual exhibitions on a 
prodigious scale have been held in London for many years, at an 
enormous cost, but at the present time not the slightest trace of 
these remain, and I am not aware of any permanent good that 
has resulted from them. If one -tenth of the cost of these 
temporary exhibitions had been devoted to permanent collections, 
we should by this time have the finest industrial museum in the 
world. Throughout the whole series of these annual temporary 
collections, only one, viz. the American department of the 
Fisheries Exhibition, was arranged upon sclent i 6c principles, 
and that was arranged upon the plan adopted by ihc National 
Museum at Washington. It appears probable from the 
experience of the present year that these annual exhibitions are 
on the decline. Large iron buildings have been erected in 
different places, some of which would meet all the requirements 
of a permanent museum. The Olympia occupies 3I acres, the 
Italian Exhibition as much as 7 acres. There can be little 
doubt, I think, that the long avenues of potted meals and other 
articles of commonplace merchandise, which now constitute the 
chief part of the objects exhibited in these places, must before 
long oease to be attractive, and must be replaced by something 
else, and in view of such a change I venture to put in a plea for 
a Narionol Anthropological Museum upon a lai^e scale, using the 
term in its broadest sense, arranged stratigraphically in concentric 
rings. It is a large proposal, no doubt, but one which, 
considering the nuinber of years I have devoted to the sub- 
ject, I hope I shall not be thought presumptuous Jn submitting 
for the consideration of the Anthropological Section of this 
Association. 

The Palaeolithic period being the earliest, would occupy the 
antral ring, and having fewer varieties of form would require 
the smallest space. Next to it the Neolithic and Bronze Ages 
M^d be arranged in two concentric rings, and would contain, 
besides the relics of those periods, models of prehistoric monu- 
ments, l^e caves, and other places interesting on account of 
the prehistoric 6nds that have been made in them. After that, 
m expanding order, would come Egyptian, Greek, Assyrian, and 
RomM antiquities, to ^ followed by objects of the Anglo- Saxos, 
FranKish, and Merovingian periods ; these again in develop- 
mental outward expansion would \k surrounded mediecval 
antiquities, and the outer rings of all might then be devoted 
to showing the evolution of such modern arts as could be placed 
in continuity with those of antiquity. 

*i.^*j 2?**^ might be selected to represent 

the mnerent periods and keep up the succession of forms which 

o/the Museum, I would confine 
the exhibition chiefly to cants, reproductions, and models, the 
wter Ming, in my opinion, a means of representing primitive 
arts, whmh has not yet been sufficiently made use of, but which 
m mv own small looil museum at Famham, Dorsetshire, I have 
Wployed to a considerable extent, having as many as twenty- 
three wdels, similar to those now exhibited, of places in which 
fla»e been found within an area of two miles, 
m seven] sections and rings would be superintended by 
directors and assistants, whose function Jt would he to obtain re- 
peodootim and models of the objects best adapted to display 
% dotttinuity of their severai arts and periods; and the 
fele^edibr lepresentatitm should bo those in which ihie continuity 
emad be usost persistently adhered to. Amongst these the 


following might be named : pottery, architecture, house furniture, 
modes of navigation, tools, weapons, weaving apparatus, painting, 
sculpture, modes of land trans^rt and horse furniture, ornamen- 
tation, personal ornament, hunting and fishing apparatus, machin- 
ery, fortification, modes of burial, agriculture, ancient monuments, 
domestication of animals, toys, means gf heating and of providh^ 
light, the use of food, narcotics, and so forth. 

Miscellaneous collections calculated to confuse the several 
series, and having no bearing on development, should be avoided, 
but physical anthropology, relating to man as an animal, might 
find Us place in the several sections. 

1 have purposely avoided in my brief sketch of this scheme 
giving unnecessary details. Any cut-and-dried plan would have 
to be greatly altered, according to the possibilitt^ of the case, 
when the time for action arrived. My object is to ventilate the 
general idea of a large Anthropological Rotunda, which I have 
always thought would be the final outcome of the activity which 
has shown itself in this branch of science during the last few 
years, and which I have reason to believe is destined to come 
into being before long. In such an institution the position of 
each phase of art devdopment shows itself at once by its distance 
from the centre of the space, and the collateral branches would 
be arranged to merge into each other according to their 
ge^raphical positions. 

Tne advantages of such an institution would be appreciated, 
not by anthrojK)logisls and arclueologists only. It would adapt 
itself more esj^cially to the limited time for study at the disposal 
of the working classes, for whose education it is unnecessary to 
say that at the present time we arc all most deeply concerned. 
Although it is customary to speak of va orking men as uneducated, 
education is a relative term, and it is well to remember that in 
all that relates to the material arts they have, in the way of 
technical skill and handicraft, a belter groundwork for appre- 
ciating what is put before them than the upper classes. That 
they are able to educate themselves by means of a well-arranged 
Museum, my own experience, even with the imperfect arrange- 
ments that have been at my command, enables me to testify. 
Anything which tends to impress the mind with the slow growth 
and stability of human institutions and industries, and their 
dependence upon antiquity, must, I think, contribute to check 
rcvolutionaiy ideas, and the tendency which now exists, and 
which is encouraged by some who should know better, to break 
drastically with the past, and must help to inculcate Conservative 
principles, which arc urgently needed at the present time, if the 
civilization that we enjoy is to be maintained and to be permitted 
to develop it'ielf. 

The next subject to which I would draw your attention is the 
present working of the Act for the Preservation of Ancient 
Monuments, with the carrying out of which I have been 
intrusted during the last five years. 

It is unnecessary to speak of the measures that have been taken 
in other countries which have preceded 11$ in the work of pro- 
tecting ancient monuments. Their system of land tenure and 
division of property is different from ours, and the same measures 
are not equally applicable. 

In 1882 a Bill was passed through Parliament known as the 
Ancient Monuments Act, to enable those who desired to do so, 


to them under the pro- 
e it illegal for future 


to plane the ancient monuments 
tection of the Government, and to Tiial 
owners or others to destroy them : also to enable local magis- 
trates to punish summarily, with a fine of £$ of imprisonment 
for one month, offences committed under the Act. No power is 
taken to compel any owner to place his monument under the 
Act, but provision is made for a small annual expenditure in 
order to preserve the monuments offered voluntarily by their 
owners. A schedule of certain monuments was attached to the 
Act, without the consent of the owners, merely to indicate the 
monuments to which the Act applied, but these, like any others, 
liad to be veduntarily offered liefore the Government could 
accept them. Any other monuments not in the schedule could 
^ offer of them had been laid forty 

days before Parliament, in order, I presume, that the country 
might not become charged with the preservation of monuments 
that were unworthy of protection. 

In ^November 188a, I was asked by Lord Stnlbridge, in a 
complimentary letter, written by desire of the Prime Minister, 
to underiake the office of Inspector, intimating at the same time 
that my position as landowner would place me in a favourable 
position for dealing with other landon ners to whom the menu- 
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ments b«!oii|Eed, ttnd 1 ftcc^pted th« poat^ hoping to render a 
pebl^ service, considerkig the dlffieaUles 

Bwt ! ^onld hiifVe to «hoeunter, «ttd the amotht of time tiiat 
irOttld have to be devtned to k. 

A |>ermisaivc Act natnrally impliea that there is some one in 
the country who desites to make use of it ; whereas, as a (act, 
no owner has vdluntarily offered any monument to be put tinder 
the Act, except otie to whom 1 shaU refer again pretently : all 
hate had to be sought out and asked to accept the Act, and of 
the ownert of schooled monuments the larger number hate 
refused. 

Sir John LubbotJk was chiefly instrumental in passing the Bill 
throtim Parliament, although in the condition in which it 
actually passed it was not his Bill. He had proposed to make 
the Act compulsory in the case of Some of the more important 
monuments, mit the proposal had been overruled on the ground 
Of its being an improper interference with private ownership. 

Being a member of the Liberty and Property Defence League, 
I have lately received a list of fifty-five measures which have 
been bronght before Parliament in the session of i888, which 
that body have thought it desirable to oppose on account of their 
interference with private property, nearly every one of which 
would have dealt more hardly with the owners of property than 
the Ancient Monuments Act would have done hod it been made 
compulsory. But nil these measures have been proposed by 
members of Parliament with the view of catching the voles of 
|>articular constituencies, whereas tile ancient monuments have 
no votes to give and very few people to vote for them. Sir 
John LubbotSe, finding that the Act in its approved stage Was 
purely permissive, and not believing, as he loW me at the time, 
that anyone would voluntarily mal^ use of it, naturally being 
unwilling to put his own prop erty at a disadvantage, by being 
the only person to come under it, at first refused to include hi-» 
own monuments, and it was only after X had obtained others, 
and success appeared probable, that he consented to put Silbury 
Kill Under the Act. 

Finding myself involved in the matter, I have done what I 
could to work it out, and with some success. 

{Tc be contifiMtsl.) 


THE INTERJ^A TJONA L GEOLOGICAL 
CONGRESS. 

rPHE. fottrth session of the International Geological 
^ Congress began on Monday evening, September 
17, in the theatre of the University of tondon, Burling- 
ton Gardens ; meetings were held throughout the week, 
and the ^ssion was formally closed on Saturday, 
September 22. In another form and in diJffeent places 
the Congress may be regarded as continuing throughout 
this week, for five excursions have been organized to 
various pans of England ; those to North Wales and the 
Isle of wight are largely attended, whilst smaller numbers 
have gone to East Anglia, to East Yorkshire, and to West 
Yorkshire. 

At the opening meeting on Monday evening the Council 
was chosen as follows;- Hon. President; T. H. Huxley. 
President: J. Prestwich. Past Presidents : G. Capellini, 

E. Beyrich. Vice-Presidents ; Germany, K. von Zittel ; 
Australia, ^F. Liversidge ; Austria, M. N eumayr ; Belgium, 
G, Dewalque ; Canada, T, Starry Hunt ; Denmark, #M. 
^hnsitfup ; Spain, J. Vilanova-y-Picra ; United Stak^ P. 
Frazer ; France, A. dc Lapparemt ; Great Britain, W, T. 
Bianfopd, A. Geikie, *T. McK. Hughes j Hungary, J. von 
Szabd ; India, B. Medlicott ; Italy, F. Giordano ; 
Norway, H. Reusch; Holland, K. Martin; Portugal,!. 

F. N. Delgado; Roumania, G. Stefanescu ; RussTa, 4 * 
Inostranzcff ; Sweden, O. TorcH ; Switzerland, £. Rjime- 
vicr. General Secretaries : J. W. Huttce, W. 
Secretaries: C. Barrois, C. Fornasini. C. Le Neve Foster, 
C Gottsche, A. Renard, C. H. Williams. TreaffuWf : 
F. W, Rudter. Other Members of the Council ; T„ G. 
Bonney, A. Briart, E. Cohen, Credner, *£. Dupositf 


Evans, W. H. Flower, A. Gaudry, J* Goaselet, M. vOi» 
anefcen, W. Hauchecome, A. Heim, Hookw, A. 
Issel, J. W- Judd, Lwjsius, C Lory, *A. Mkbd-Ldvy, 
T. MWdfarlane, O. C. Marsb> vob Mms^ovics^ }. 
S. Newberry, S. Nildtin, *R. OwOh, A. Pilar, F, von 
Richthofen, T. Schmidt, D. Stur, T. Tschfti^ichefT, E. 
Van den Broeck, C. D. w^alcott. (Those tnalfked ♦ were 
noiM;>reBent at the meeting.) 

Tne President then delivered his addreSs in French. 
An English translation of this has already appeared in 
Nature. The meetings commenced each morning at 10.30, 
And lasted till about 1 o'clock. Meetings of the Council 
were held each morning at 9.30. The proch-v^rM of 
each meeting both of Council and Congress was printed, 
apd was placed in the hands of members at the opening 
of the succeeding meeting. At various times meetings 
of , the International Commissions on Nomenclature, and 
the Geological Map of Europe, and of various Committees 
appointed by the Council, were also held. 

In the afternoons* there were visits to the British 
Museum, in Bloomsbury, and to the Natural History 
Museum, South Kensington ; also to Kew, Windsor and 
Eton, Erith and Crayford. In the evenings there were 
three receptions : on Monday, by the President of the 
Congress, in the library of the University, tiued up as a 
temporary Geological Museum : on W^nesday, by the 
Director-General of the Geological Survey, in the 
Museum of Geology, Jerinyn Street ; on Friday, by the 
President of the Geological Society, in the rooms of that 
Society. 

Three invitations for the fifth meeting of the Congress 
in 1891 were received from America — from Philadelphia, 
New York, and Washington. Philadelphia was choacn. 
A Committee of American geologists was appointed to 
take such steps as it thought necessary to make the 
arrangements for this meeting. The CommUlee consistfed of 
Messrs. J. Hall, Dana, Newwrry, Frazer, Gilbert, Hunt, 
Marsh, and Walcott. 

The general cminion is that the Congress was a com- 
plete success. So far as members go, this is evidently 
the case, as it was more largely attended than any 
previous meeting, both by home and by foreign geologists. 
As regards the number of members inscribed from the 
country in which the Congress meets, it is not easy to 
make comparisons, because many join as members who 
have no claim to be considered geologists. No 
this was more large^ the case in London than at any 
previous meeting. But the numbers of foreign yisitiers 
may fairly be compared, and may be taken as affording a 
sufficient gauge of the relative importance of each nwet- 
ing. These stand as follows: Pans (1878), no; BologAa 
(1881), 75 ; Berlin (1885), 93 ; London (1888), 142. 

The success of such a gathering may, however, be 
reckoned on other lines, and here opinions on the subject 
may differ. Those who hold that tne first duty of suAta 
Congress is to formulate rules and to fix nomenclitture 
niay well feel some disappointment ; for although excellent 
discussions took place, and the general feeling was often 
evident, no formal vote on any such subject was taken. 
It was generally feH that votes from such mixifd .As- 
semblages have no value. They mn only carry weijghtwhdn 
takw on some fixed principle, not depend^ ttpott the 
accidents of placeand nationalities whidi vary from 
time as the Congress meets in different countries. A Com- 
mittee Was formed to consider this matter. To its Temirtt 
and to the ^eral results of the Congress, we affiafl SoSsr 
again next week. Btjt upon one prant there c^n hie 
dinerence of opinion : that is, the immense 
resulting froip tne meeting tagethef of men 
nations, engaged ip .similar purauiU, who can 
subjects upon w^J? they ^ at woifc 
ships thus formed bear fruit long after diedtcueikm aM 
vojes the, formal meetings iu« IbrgOttem 
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ON CRYSTAL! JNE SCHISTS} 

t 

4 V A ^ ^ prelimmAry to the study of the schistose or stratiform 

' ” crWtolline rocks, it is d^irable to consider the wider 

of tne origin of c^sUUine rocks in general, which ore 
iNMSifid Pnmafy or Primitivt to distinguish them 
IftUtt.tliim derived Uierefrom hy mechanical or chemical dis- 
iategratied. The designation of '* ci^stolUnc rocks ” is defective, 
iaasmuch os we find, associated with masses having a right to 
this title, and geologically confounded with them, other rocks, 
Stld^ as serpentine, obsidian, perlite, and others, which are not 
•c^stslline in character, but colloidal, or, to use the designation 
. of Breitbaupt, j>orodic. The primary rocks, then, including 
both eiystalline and porodic masses, may be divided geologically 
into tbfee categories 

(l) Masses m^re or less distinctly stratiform, including the 
fundamental granite, gneisses, micaceous and hornbtendic 
itchistf^ and all others formed, according to the views of the 
Wernerian school, by slow dep^^sition in an acjueous liquid 
At the earth's surface, These we call iMiiGENOtis Rocks. 
(a) Masses which have strong mineralogic resemblances with 
the last, but appear to have been formed by stow deposition 
among pre-exUting rocks, in which they occur ns veins or 
^econdaiy mat-ses, and which we have consequently designated 
Eni>ogenous Uqcks. (3) Masses which have resemblances, both 
mineralogic and geognostic, with the endogenous rocks, but are 
distinguished therefrom by the fact that they appear to have 
attained their present position not by slow deposition, hut the 
result of displacements which took place while they were in a 
more or less liquid or plastic state. These masses, which we 
designate Exotic Rocks, are, as we shall endeavour to show, 
to be regarded (whatever their geological age) eiiher more or 
less modified portions of the original pJu tonic material of the 
globe, or as displaced portions of inaigenous or endogenous 
rocks, and thus in either case Iwlong to the primary class. 

§ 3 . Without taking into account those who, like Lehmann 
in the last century, maintained that the indigenous crystalline 
masses, which he called primitive rocks, were created as we 
now jwe them, we may say that the geologists of our own lime 
are divided into two classes ; thoic who admit for the indigenous 
r(^s (i) an igneous or pluionic origin, (i) an aqueous or nepiu- 
oian origin. Among the plutoiiists properly so called there are, 
moreover, two schools, one of which regards the foliated struc- 
ture which characterises the crystalline schists as due to the 
lamination of an igneous mass exposed to strong pressure during 
its extrusion through the already solidified terrestrial crust. For 
this school, in fact, the crystalline schists, not less than the 
granites, the trachytes, and the basalts, are eruptive rocks. This 
manner of explaining the otigin of the crystalline schists, ad- 
vanced by Poulett Scropc in I025, and since frequently resusci- 
tated, we have named the exoplutonu or volcanic hypothesis. 
For the other plutonist school, these same crystalline schists are 
the products of the consolidation, beneath a crust already formed 
by superficial cooling, of the igneous matter of the globe ; the 
^chUtose siTuctu-e being the result either of currents established 
in the still liquid and heterogenous material, or of a segregation 
iheMiti during cry tnllizaiion. To the views of this second 
phitooist school we have given the name of tbs en^iaptniimis 
hypothesia 

i 3. The neptunids are alto divided into several schools. 
WernCT and hh disc'ples believed that the eryttalline rocks, both 
graskttic and sebbtose, hod been succewively desposited from a 
universal ocean, which they imagined to have teen a chaotic 
liqnkl boldiiv in soltaion tw dements of all the primitive rocks* 
We have called this derivation by slow crystamzatkm from a 
prinsordial liquid chaos, the €hu 9 ik hypothesis. In this purely 
hyp>thesis, the actiDD of a heated interior of the earth 
did hot enter, but certoih plutonirte, admitting this notion, have 
im«g^ a thtrmtNka^k hypUthedo. This was advoneed by 
Pottlett Scropc, in 1825, aa the complement of hW exoplutonic 
and sabsequently Buotained by Pe la Beche and 


^Mlbcher nepttmist school, whkh also hekl dntcmic views, 
Uf'dft ttsit of HtUton, who snppoied that Hkf.eryst&lne rooks now 
kniewii io na have twen by the conebUMton end crystal - 

the egen^ of bWetiHd} 1^ of oedinaBM 

by, ^ Immdoa*! iUoinkmi 
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arranged water at the bottom of the seas, these sediments 
being the wrUus either of endoplutonic or of exoplutonio rocksu 
The defiect of thU explanation, which we call the metamffrpkk 
hypothesis, is that it does not take into account the chemical 
changes sufiered by most siUcated mineral species during the 
: process of disintegration of the crystalline rocks and their eem* 

! version into sands and clays. The production of species sneh as 
the feldspars, the micas, hornblende, &c. , as the result of a re- 
cry stalUzat ion of sediments which do not contain the elements of 
these minerals, demands the additional supposition of chemical 
changes brought about either by substitution or by simple addi- 
tion. In this manner, attempts have been made to explain ^p 
posed transformations, often very surprising, among which may 
oe noted, not only the conversion of siliceous and aiglllaceous 
sediments into feldspathic and hornblendic rocks, but that of 
limestones into gneiss and other feldspathic and siliceous rocksy 
and also the conversion of these, as well as of diabases and 
diorites, into serpentine, or into crystalline limestone. This view, 
which we have called the mtfasomatic hypothesis, is, in the 
minds of many geologists, confounded witn the metamorphic 
hypothesis of Hutton, of which it is, to a certain extent, the 
indispensahle complement. 

8 4. Of all these hypotheses, that of Werner, which conddereo 
the primaeval chaos as a watery liquid holding in solution the 
materials necessary for the formation of all the crystalline rocks, 
appears to us the one nearest the truth. It is certain, however, 
that in the present state of our chemical knowledge we cannot 
admit the simultaneous existence of all these materials in solu- 
tion, even at the elevated temperature supposed by the thcr- 
mochaotic hypothesis. We have, however, endeavoured to 
reconcile with known facts the view that a great part of all 
the primary rocks, including both the granites ana the crys- 
talline schists, have at one time been in the state of aqueous 
solution, through the action of processes which have operated 
without cessation from the Primary period. This explanation, 
which we have elsewhere set forth in detail, after a critical 
examination of the other hypotheses already mentioned, we have 
named the cfmitic hypothe is, from the Greek fountain or 

spring. 

Starting from the conception of a liquid globe of igneous 
origin, the solidification of which commenced at the centre, we 
find in its exterior portion — the last to solidify—the source of all 
the known terrestrial rocks ; in other words, the veritable 
mineral protoplasm. This material we supjxise to have been, 
from the time of its superficial cooling, exposed to the action of 
water and the atmospheric gases, while it was at the same time 
heate<l from below by the internal warmth, and penetrated to a 
greater or less depth by watery solutions. These, under the 
infiuence of the existing thermal differences, must have estab- 
lished a circulation between the surface and the deeper portions 
of the protoplasmic mass, which, as the result of crystallization 
and cooling, had already become (wrous. From the abundant 
outffow of thermal waters thus produced is derived the name 
** crenitic," given alike to the mineral deposits formed by them 
and to the present hypothesis. The action of thc^c waters, 
removing from the protoplasmic material silica, alumina, and 
potash, and bringing to it at the same time lime, magnesia, and 
soda, must have necessarily altered by degrees the composition of 
this porous mass, heated from below, penetrated by aqueous 
solutions, and rendered more or less plastic in parts. In the 
changing mass, moreover, took place processes of crystaliization, 
followed by ip^ial .■leparations determined by differences in 
specific gravity between the species thus formw. In this way 
were produced various types of plutonic rocks, which may justly 
be called Primary, since they are more or less modified portions 
of the <^uial protoplasmic material. 

§ 5. The dissolviag action of the circulating waters continued 
wiifaoaC interruption from a very remote period in the lUstory of 
the globe, and# enttending eventually to depths equal to very 
many kikmetres, white giving rise to the immense thickness « 
crenitic nxks which cover the surface of the protoplasmic mass, 
must Decnasarily h^ve effected a great diminution therein. This 
deccease volume beneath the crenitic covering must have 
resulted is m&vemwls giving rise to the more or less marked 
ODittigaiUuta t^yesyyhe^e met with in the earlier layers of thd 
ctcdltlc fBvetepe^-r^mqvements which have cnntinifed, though 
with decreasing through oil geological periods. Moreover, 
the accumulated wd^t, alike of crenitic deposits and of 
mechanical sedhneniSt would bring about at length the dl^doce* 
otent, te a plastic atate» of portions of the primitive mass, at well 
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of parts of the creoitic layers themselves, in the form of erup- 
tive rocks, forming not only fiiutmic masses, but those which we 
have 4esiputed as ptfut^tfp/uionu is to say, masses of 
crenitic origin which present the geognostic characters of plutontc 
rocks. Such are apparently the trachytes and the truly eruptive 
granites. Eruptioin of these two classes of rocks seem to have 
been rare in the more ancient periods, but in later times they 
have played an important part in the transfer of mineral matters 
fVom the depths to theMuface of the globe, while at the same 
time the crenitic activity has progressively decreased. Without 
questioning the effect of tne slow contraction through the 
secular cewing of the heated anhydrous and solid nucleus of the 
^oIm, we bmieve that the diminution of volume of its more 
saperncial and hydrated portions by the cremtic process, well 
as by plutonic eruptions, hai played a very important part in 
geological dynamics.^ 

$ 6. According to the hypothesis just set forth, it follows that 
the production anke of the crenitic and the plutonic rocks, as the 
result of the transformo lions of a primitive material presumed to 
be of igneous origin, has been subjected to constant, regular, 
and denntte laws. It shows, in fact, a mineralogical evolution 
which has determined the order, the composition, and the suc- 
cession of the crenitic masses of the terrestrial crust, as well as 
the composition of the plutonic masses of the various geological 
periods. In the study of the successive groups of crenitic rocks 
we must take into account the intervention in the crenitic pro- ; 
cess alike of the soluble and the insoluble products of the aerial 
decomposition both of more ancient crenitic rocks and of plutontc 
mosses, as well as the effects, both direct and indirect, of the 
products of organized being<«. It results from the influence of 
all these secondary agencies which have intervened in the course 
of the crenitic process, that ihe fundamental granite, as the most 
ancient crenitic rjck, jircf^ents characters of uniformity and of 
universality which do not reappear in the less ancieiit crenitic 
terraces. These, in fact, already l>egin to show indications of 
a passage to the new order of things, and were thus, in the 
Unguage of the Wernerian school, called Transition rocks, 

As a farther result of this mineralogical evolution in the history 
of the crenitic rocks, we Bnd that certain aluminiferous silicates 
rarely met with at a given period, at length become more 
abundant and finally predominate. For this reason it follows 
that in the mineral kingdom, as in the organic kingdoms, 

f enerallzations which have for their object chronological classi- 
cations, should be founded upon the character of a group taken 
in its integrity, and not uptjn the characters of exceptional 
species. Fur the rest, ii is to be remarked that non-nluminiferous 
species, such as the pr 'loxyd silicates, quartz, carbonate of lime, 
and oxides of iron are found, with small variation in the crenitic 
masses, whether indigenous or endogenous, alike of earlier and 
of later periods. 

It is evident that the operations of solution and of aqueous 
deposition, as, well as those of decomposition and sub-aerial 
decay, went on in the Primary and Tiansition periods under 
geographical conditions which did not differ greatly from those 
of the Secomlary and I'ertiary periods. The marks of erosion, 
of contemporaneomt nmvements, and of deposition in discordant 
•tratideation are met with at different horizons in the indigenous 
terranes of the Primary as well as in those of the Secondary ages ; 
offering iu both cases local and accidental interruptions of the 
normal order of mineralo^pcal development. 

g 7. The various granitic, quartzose, and calcareous vein- 
stones, including metalliferous lodes, not less than the veins and 
geodes of zeoliac mintrals, are examples of endogenous masses 
formed by the crenitic process. The production of zeolites and 
of other silicates by the action of thermal waters, and the 
format iun of zeolitic species in the deep-sea ooze, are examples 
of the same crenitic action continued to our own time. As is 
shown by the studies of the action of our modern thermal 
spdnjp, the surrounding solid matters co-oj^erate with tho>e in 
solution in the production of new mineral species. We must 
not overlook the part which is often played by infiltrating waters 
in producing local transformations in sediments, thereby giving 
rise to the production of crystalline species in the midst of 
detriul rocks. Pres.'.ure alone appears in certain cases to pro- 
duce similar results, all of which cases are often insisted upon 
in support of the application of the metamorphic and metasomatic 
hypotheses to the origin of the primary rocks. 

‘ Btttidwi th« removal ell the illicit and elitmina round in (he creniclo 
trades mu«i be,ii44Sd the diminut.on pf eorasity iu the protoplai oic man and 
tbs 'probable f.irmxtion of more condensed specie* then those ongluUy ^ 
eonuuned therein. 


The granitic veins, composed essentially of orthoclate . and 
quartz, which are found not only among gneisses and mica- 
schists, but among bade plutonic rocks alike of PaUeozoic and 
of Mesozoic ag^ help us to understand the conditions which 
in times of greater crenitic activity gave rise to the production 
of the gneisses and the fundamental granite, both of wl^ich, 
according to our hypothesis, are essentially neptunian mid 
crenitic in their origin. These same indigenous and endo- 
genous crenitic rocks have furnished the greater part of the 
materials for the Secondary rocks. We have already indicated 
concisely, in § 4, our explanation of the origin of the true 
plutonic rocks, as the rc«tult of modificaiions which have taken 
place in the midst of the protoplasmic mass. 

§ 8. "We mu-t not love sight of the important part played by 
u ater in plutonic and volcanic phenomena, nor the fact that it can 
exist under strong pressuie, at nigh temperatures, in combination 
with silicated rocks. From this union there result hydrated 
compounds, which are more fusible than the anhydrous rocks, 
and which are decomposed in the transform at ions that take 
place during the cooling, with diminution of pressure, which 
accompanies the eruption of these materials. , The water thus 
set at liberty may be disengaged in the form of vapour, and vrith 
it certain other volatile matters which are met with in volcanic 
emanations. In other ca.ses, however, nt dcr a high pressure 
still maintained, and at a temperature above the critical point of 
vaporization, the water may be liberated in the state of a dense 
polymeric vapour, holding in sol lU ion, in accordance with late 
observations, mineral matters, which, through cooling, are at 
length deposited either from the vapour itself or fiom the liquid 
resulting from its condensation, in the form of crystalline species. 
Superheated aqueous vapours may thus play a part closely akin 
to that of theimal waters, and one which must be regarded as 
itself belonging to the crenitic process. 

The greater part of the questions here noticed have already been 
discussed in detail i*y the author in his volume entitled “Mineral 
Physiology and Physiogr^hy " (Boston, 1886). especially in the 
three chapters on the Origin, the Genetic History, and the 
Decay of Crystalline Rocks (pp. 68-277.) 


§ 9. In another chapter of the volume just mentioned the 
author treats of the History of Pre-Cambrian Rocks (pp, 
402-^25), and endeavours to resume in a few jwges the results 
of his attempts through a period of forty years to arrive at a 
subdivision and a nomenclature of these terranes, which com- 
prise both the Primary and the Transition systems of ^>mer. 
It must suffice for the present to indicate in a succinct manner 
the concluhions already reached. 

I. Lauren TUN.— Under this name, proposed and adopted 
by the author in 1854, is included the ancient gneissic terrune 
met with in the Laurentide and the Adirondack Mountains, as 
well as in parts of the great Atlantic belt, and in the Rocky 
Mountains in central North America. To this same series the 
author has aUo referred the similar gneisses of Great Britait* 
and of Scandinavia, as well as the ancient or central gneiss of 
the Alps. Beginning with our first studies in Canada in 1847, 
existence in this ancient gneissic system of two 
subdivisions, the lower being described as consisring of granitoid 
gneiss (to be confounded with the fundamental granite), to 
which succeeds (in discordant stratification) another gneiseic 
senes, also granitoid, and frequently hornblendic, with which 
are intercalaiM quartzites and crystalline limestones, often with 
semntine. 7 'hese two subdivisions, which we may provisionally 
call Lower Laurentian and Upper Laurentian, have been de- 
senbea respectively as the Ottawa gneiss and the Ovenville 
senes. To prevent any misconception, it should be noted that 
tne name of Upper Laurentian was for a time given by ixioitn 
to the terrane subsequently designated Labradorian, and after- 
wards Norian. It is therefore by a mistake that some have 
wished to retain as the designation of the upper division of ihe 
Laurentian terrane, the nomc of Middle Laureniian. 
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II. XoRiAN.— The terrone thus designated by the author in 
1870 IS composed in great part of those stratiform rocks having 
a base of anorthic feldspars, to which has ^en given the name 
of norite. This terrane, however, includes intercalated strata of 
gneiss, of quartzite, and of ciystalline limestone, all of which 
resemble closely those of the Upper Laurentian. These norite 
rocks, which are sometimes called gahbros, are not to be con- 
founded with the very distinct gables of the Huronian terrane. 
nor yet with certain plutonic rocks having with them certain 
mineralogical rcHemhlances. The facies of the norites serves to 
distinguish them. 

III. Arvonian. — T his terrane is ccmpoiied in great part of 
petrosiLiceous rocks, which pa^s into quartziferous porphyries. 
With them, however, are intercalated certain hornblendic rocks, 
sericitic scliists, quartzites, oxides of iron, and, more rarely, 
crystalline limestone. Th s terrane, indicated for the first time 
as distinct by Dr. Henry Hicks, in Wales, in 1878, and named 
by him, is regarded by Mr. Charles Hitchcock as constituting 
in North America the lower portion of the Huronian. 

IV. H LI RON t AN. — This name was given by the author in 

1855 ^ terrane already recognized in North America, where 

it rests in discordant stratification either upon the Laurentian 
gneiss or upon the Arvonian petrosilex. it includes, besides 
quaitzosc, epidotic, chloritic, and calcareous schists, masses of 
serpentine, and of Iherzolite, together with euphotides, which 
represent her.'in the norites of the Norian terrane, often con- 
founded with them under the common name of gabhro. This 
Huronian terrane is greatly developed in the Alps, where it 
constitutes the series of the greenstones or pietre verdi. 

V. Mon PAKHAN, — The studies of von Hauer in the Eastern 
Alps, published in 1868, and those of Gerlach on the Western 
Alps, published in the year following, agree in recognizing in 
these regions two gneissic terrancs — namely, an older or ancient 
centra] gneiss, and a younger or recent gneiss ; this last, which is 
pctrographically veiy distinct from the old gneias, being accom- 
panied by micaceous and hornblendic schists. The studies of 
Gastaldi, published in 1871, and those of Neri, in 1874, while 
confirming the results of von Hauer and of Gerlach, furnish us 
with further details respecting these terranes and their litho- 
logical characters. It should here be remarked that all of these 
oDMrvers appear to agree in placing the horizon of the pietre 
vet^di (Huronian) between the ancient gneiss (Laurentian) and 
the recent gneiss. 

Before becoming acquainted with the first results of these 
observers, the writer, from his own studies in North America, 
was led to precisely similar conclusions, and in 1870 announced 
the existence of a series of younger gneisses very distinct from 
the old T^aurentian gneisses, and accompanied by crystalline 
limestones and by micaceous and hornblendic schists. To this 
younger terrane, on account of its great development in the 
White Mountains of New Hampshire, he gave in 1871 the 
name of Montalban. This series appears to he identical with 
the younger gneiss of the Alps ; the so-callcd Hercynian gneisses 
and mica schists of Bavaria ; the jgranulites, with dichroite- 
gneiss, mica-schists, and iherzolite ofthe Erzgebirge in Saxony ; 
and similar rocks in the Scottish Highlands. The Mont- 
alban terrane in North America contains not only crystalline 
limestones, but beds of Iherzolite and of serpentine, resembling , 
in this respect the Huronian and the Laurentian. It is in this 
series, in North America at least, that are found the chief part 
of the veins or endogenous masses of granite, which carry 
benrl, tourmaline, and the ores of tin, of uranium, of tantalum, 
and of niobium. 

GosUldi. in an essay published in 1874, declares (hat “ the 
pitm v^rdi properly so called" U found between “ the ancient 
porphyroid and fundamental gneiss " and “the recent gneiss, 
which latter is finer-grained and more quartzosc than the other." 
Thisyoonger gneiss he also describes as a gneissic mica-schist, 
and as a very micaceous gneiss pat^ into nuearschist, and oflen 
hornblendic; the two gneinpic serks beings acording to him, 
easily distinguished the one from the other. To these two divi- 
sions, superior to the ancient gneiss*-ihat is to say, the true 
piHrfVirdi and the younger gneiss-- 4 :«asuldla(fab« third division, 
stUl more recent. This highest division oontaiQs conaidcrable 
masses of strata called by nim aigillacoons schists, and other' 
wise lustrous, taloose, micaceous, and serieltlc s^sis. ^Asso- 
ciated with these are also found quartsites, statuary and 
dpotin marbles, wHh dolomite, karsteatte^ and sometimes hern- 
bfendic rpeks . and serpentines, the presence of whi^ in this 
divybn, and also among the recent gneisses, as well as '* in Ae 


pietre verdi proper," was regarded by Gastaldi as justifying the 
name of “ the pietre verdt zone," often given by him to the 
whole of this triple group of crystalline schists, which be recog- 
nized as younger than the central < 

VI. Taconian. — This third division, to which Gastaldi did 
not give a distinctive name, has, as is well known, a very in- 
teresting history in Italian geology. A terrane having the same 
horizon and the same mineralogical characters is found developed 
on a grand scale in North America, where it includes quartzites, 
often schistose, and sometimes flexible and elastic, with crystal- 
line limestones yielding both statuary and cipolin marbles. It 
also contains deposits of magnetite and of hematite, as well as 
important masses of limonite, which is epigenic in some cases of 
pyrites, and in others of chalybite, two sj^ecies which form, by 
themselves, Urge masses in the undecay^ sttata. Thi^ same 
terrane contains, moreover, i-oofing-slates, as well as lustrous 
unctuous schists, ordinarily holding damourite, sericite, or pyro- 
phyllite, but including, occ:isionally, chlorite, steatite, and horn- 
olendic rocks with serpentine and ophicalcite. We also find 
among these schists, which are met with at several horizons in 
the terrane, layers which are visibly feldspathic, with others of 
ill-defined character, which, however, aie crjnverted into kaolin 
by sub-aerial decay. These same schists furnish remarkable 
crystals of rutile, and also tourmaline, cyanite, staurolite, garnet, 
and pyroxene. This terrane, which, moreover, appears to be 
diamond-bearing, was de8crit>ed in 1859 by the late Oscar 
Lieber, under the name of the Iiacolumitic group. Eaton 
already, in 1832, had pi icod the quartzites and the limestones, 
which form the lower members of this group, in the Primitive 
division. The argillites in the upper part of the group were 
regarded as the inferior member of his Transition division, and 
were, according to him, overlain unconformably by the fossili- 
ferous graywacke (First Graywacke), made the upper member of 
this same Transition division. In 1842, Ebenezer Emmons in- 
cluded in what he then named the Taconic system the whole 
of this crystalline series, to which he added the graywacke ; but 
in 1844 he separated this latter, in which he had meanwhile 
found a trilobitic fauna, and gave it the name of Upper Taconic j 
the inferior and crystalline portions being the Lowei Taconic. 
Many years of study have shown me that this upper division is 
entirely independent of the Lower Taconic, with which the 
fossiliferous graywacke series is found in contact only in certain 
localities, while in many others it rests directly upon more 
ancient crystalline terranes. Seeing, morever, that the Lower 
Taconic is found without this graywacke, in a great number of 
localities, from the Gulf of St. Lawrence as far as Alabama 
to the south, and as far as Lake Su^Mirior to the west ; and 
recognizing also the fact that the Upper Taconic is really a 
part of the Cambrian (as was avowed by Emmons himself in 
i86o), the author proposed in 1878 to limit the use of the term 
Taconic to the crystalline infra-Cambrian series which forms the 
Lower Taconic of Emmons and the Iiacolumitic group of Lieber, 
and to call it the Taconian terrane. 

The history of the various attempts made by the partisans of 
the met amorphic school to establish a more recent origin for the 
Taconian is a curious one. Various American geologists, adopt- 
ing for the most part stratigraphical arguments, have successively 
, referred It to the Cambrian, Ordovician, Silurian, Carboniferous, 
and Triossic horizons. It is, however, to be noted that these 
same geologists have also maintained the Palteozoic age of the 
greater part of the other crystalline terranes of North America, 
comprising the Montalban, the Huronian, the Arvonian, and a 
part of the Laurentian itself. The want of any conception ofthe 
principle of mineralogical development in the history of the 
crystalline schists, conjoined with the dilficulties arising from the 
stratigraphical complications met with at many points along the 
eastern rorder of the great North American Palscozoic basin, has 
helped to confirm the belief of many American geologists in the 
hyjtotheses of the metamorphic and metasomatic s:hools.^ 

§ la The minerolc^icol resemblances which exist between the 
various crystalline terranes above mentioned are easily recognized. 

* This question ii dfiscuMtd at length by the writer (“ Mineral Phyriology 
and Phyaiogmphy. " pp. 457-96) in a <)tuily of the geology of the Alps and 
tiM Apammws, and ef tnm •erpentlnes of Italy. See alsj his payer on 
Castsddt AMi Italian Oaotogy," coatainifU{ a hitherto unpublished letter 
from Qaattldl, In the Geehgiieti »r December 18B7 

^ The nader who vrlshas to follow this question will find it discussed srith 
much detail lathe volume alnady cited “Mineral Physiology and Physio- 
srayhy " (pp- 517-^6} under the tale of “ The Taconic QueHtion in Geolo^." 

It u also treatra, with some new facts, in the American NainraliH for 
FebrUS^," March, and April, 1687, in an article entitled “The Tacoaic 
Question Restaied,'* 
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Tile tyi>e of !'ocl<* characterized by^ ortbocUse, appearing in the 
fnndattiental granite and the granitoid gneisses of the Lauren- 
tiaik, i» again found in the quartziferous porphyries^ of the 
Arvoniani in the Montalhan gneisses^ and, ibough leas distinctly, 
in the feMspathiCirocks of the Taconian. The non-naagnesian 
micoa, rare in the fundamcntnl granite and the Laurentian 
gflcusea, appear alnindantly in the Montalban gneisses and mica- 
schiita, as well as in the lustrous schists which arc found in the 
Hueoniafi and the Taconian, and which predominate in the 
latter. It is further vo be remarked that the simple silicates of 
ahimina, such as andalusite, cyanite, fibrolitc, and pyrophylHle, 
u yet unknown in the more ancient terranc", are abundant in 
the Montalban, and are also found in the Taconian. At the 
same time, crystalline litnestones, oxides of iron, and calcareous 
nnd magnedan silicates, are met with in every terrane above the 
fundamental granite. 

The chemical and minernlogical differences between these 
various terrancs are more remarkable than the resemblances, a 
feet which, however, has not prevented some observers from 
confounding the younger with the older gneisses. Again, the 
resemblances between ihe Huron! an and Tamnian terranes led 
the late Prof. Kerr, in North Carolina tn refer the latter terrane 
to the Huron ian. Moreover, in the vicinity of the Lakes Superior 
and Huron, where we find alike l aurentian, N( nan, Huronian, 
Montalban, and Taconian, the outcrops of this last were con- 
founded with the Huronian by Murray and by other observers. 
In 1^73, however, the author, distinguishing between the two, 
gave to the Taconian in this region the provisional name of the 
Antmikie series. Il was not until later that he recognized the 
fact that this series, which is here found in certain localities 
resting unconformnhly upon the Huronian, is no other than the 
Taconian. Emmons, on the contrary, who had long known the 
existence in this region of what he called the Lou er Taconic, 
believed that the terrane to which the author gave, in 1855, the 
name of Huronian, was identical with this same Lower Taconic 
or Taconian. . The differences between these two terranes in the 
basin of Lake Superior, first noted by Logan and later by the 
author, are clearly brought out by the recent studies of 
Rominger. 

Upon all these different terranes, including the Taconian, 
there rests in discordant stratification in this region a vast series 
of sandstones and conglomerates, with contemporary basic plu- 
tooic rocks, the whole remarkable by the presence of metallic 
copper, This scries, which had been alternately confoundwl 
with the Huronian and the Taconian on the one hand, and with 
the trilobitic sandstones of the Cambiinn on the other, was for the 
first lime separated by the author in 1873, under the name of the 
Kea'eenaw group, a term changed by him in 1876 to that of the 
KeweenUn terrane. It still remain.? to be decided whether this 
aeries, upm which rest uncon formahly these same trilobitic sand- 
stones, snould form a part of the Cambrian, or should constitute 
a distinct terrane between the Taconian and I be Cambrian. 

8 II. In submitting to his colleagues of the International Geo- 
logical Congress this summary of his conclusions, based on over 
fort^ years of study, the author takes the liberty to state that the 
notions here advanced as to the origin, the chemical and minera- 
logical history, the subdivision, and the nomenclature of crystal- 
line rocks, are for the most ;>at1 the generalizations of a single 
observer. He now offers them as a first attempt at a classifica- 
tion of the indigenous rocks, and at the same time as an exposi- 
tion of bis crenitic hypothesis, and of the mineral ogical evolution of 
the globe, which he conceives to have determine the succession 
oad the chemical nature of the masses which he has named 
crenitic, as well as those <if plutonic ma4<ie<. He feels at the 
same time that his work is far from c unplete, and that to others 
must now be left the task of correcting and finishing it. 

Aa a large part of these results, so far as regards geognoatic 
cfeiaification, appeared for the first time in the Reports of the 
Geological Survey of Canada, the author may be permicted fa 
se^, in closing, that the first puldications made by that G^o- 
Icgical Survey on the crystalline rocks of Canada— that is to soy/ 
the reports of progress for the years 1845 and 184^ were pne* 
pared oy him, and published in 1847, from the notes and the 
oolloctim mode by Logan and by Murray in the two yeaea 
previous. Moreover, all the statements relating to the minera- 
the lithology, or the cbemicol compoftition of the rocks 
oT^nada, wldch are found in the ofedd reports feom 1847(10 
187V, when the author m^gned hfe posifiori m a meadier of thei 
G^logical Survey of Canada, were written by him or undef hl 4 
personal diiection. T. St^ry Hckt. * 


SOME QUESTIONS CONNECTED WITH THE 
PROBLEM PRESENTED BY THE CRYS* 
TALLJNE SCHISTS, TOGETHER WITH 
CONTRIBUTIONS TO THEIR SOLUTION 
FROM THE PALAEOZOIC FORMATIONS} 


'T'HE question of the ‘‘crystalline schists” still presenfe so 
^ many unsolved difficulties, and the views of coatfiovpo- 
raneous felloW'Workers diverge herein so widely, that 'On 
attempt at unanimous agreement on the points at issue must at 
present be regarded as premature. Tins assuredly does^ not 
prevent our taking counsel together, interchanging observations, 
and endeavouring to gain solid ground, whence a future solution 
can be aimed at. Each geologist w'ill approach such a ood" 
saltation in a way differing in accordance with his own 


experience. 

1 can only contribute exferience gained by the study of the 
mefamorphic crystalline schists, belonging to the Paio^soit 
formal ion«, that have been proved to have resultedl from the 
action of contact or dynamic metamor^^hism on eruptive or 
stratified rocks, the latter including the tuffs.’ The dirtet appli- 
cation of this experience to all Archecan crystalline schists 
appears to me jirematiire — I'.r. rather a thema frohandum than 
probatum. Doubtless there are cases — as, for instance, in the 
so-callcd fiasergabbros or zobtenites, which, apparently, must be 
regarded as quite analogous to the alteration of the diabases in 
the PnluMizolc formations. Indeed, the same essential features 
which Lehmann has described in the development of the Saxon 
“ flasergabbros ’’ have been demonstrated by 'J'eall in the Lizard 
gabbros, G. H. Williams in the Baltimore gabbro«, and Hans 
H. Reusch in Norway. But Hans H, Reuach olso mentions 
bedded ^bbros * as well as eruptive flasergabbros, differing thus 
from Lehmann ; while Credner and Roth appear by no means 
willing to concede all that is contained in Lehmann’s book. 
This fundamental difference must, liowever, Ije noticed ; Lehmann 
holds the Archxan schists half for metamorphosed sediments, 
half for interbeclded or injected eruptive rocks ; and although I 
cannot agree with or follow I^hmann in every detail (and, aljove 
all, lay more stress upon the altered tuffs), still on the whole I 
can but support him in this view. Roth, on the other hand, 
holds all the Archaean crystalline schists— limestones, quartzite,, 
gneiss, mica schist, amphibolite, &c.— for st:Aisfosef plutonic 
(only in form not eruptive) rocks {^Evstai'iningsk*uMc)\ finally, 
Credner holds the majority of the crystalline schists, including 
granite-pieiss and flascr-gabbro, for the normal itraiifiid sedl-- 
mentsofaprimx-val ocean, their crystalline nature being essentially 
not due to metamorphism. 

I have dwelt thus at length on this point in order to demon- 
strate that there exist numerous controversies even on Chose 


questions that admit of solution by reason of the most undoubted 
pseudomorphu' changes (hornblende after diallage, hypwathtne, 
augite ; zoisiie, epidote, actinolitc, quartz, albitc after lime-sodft 
feldspar), and by reason of the presence of the original eruptive 
structure. 


My stand-point U identical with that expressed by Carl 
Friedrich Naumann in the following words : My task above all 
else is to study the met amor pkhm, with respect both to substance 
and iostructure^ 0/ the fossiiijerous sediments and the eruptive rocks, 
together with J he tuffs intercalated therein. Much has alKCndy 
been done, e.speciaTly with respect to oontaot-metamoiphism, 
which is more sharply defined than regional or dynamic meta- 
morphUm. There remains, however, much to answer, es^ 
pecially as the primary structures of original schistose erttptivc 
rocks and the structure and substance of certain very common 
sedimentary rocks (as, for instance, the greywackes, the eo- 
called g'eywacke- schists, or the majority of the tuffa) ate 
still too little known to afford a firm basis for the study of 
metamorpUic processes, 

Still the detailed solution of the following question would be 
of no little value for the atttdy of the Archreati schists 
(I) What material agreement or dUforence exists between the 
1.11 det FroUeam det kryiaaUiiasclMntclitMWY 
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:TCMlU 'of 'metatnori^sin due to the Contact of ^nlte with 
fouiUlBrans sediments and the ernptive' rocks intercalated 
therehif on ths one hand, and the Arch^an schists on the other? 

For cuch a comparison useful data are furnished by the 
Hatix, These mountains, consisting of fossiliferous sediments 
and the most diversified eruptive rocks, already plicated at 
the Coal-measure period, represent a fairly average section 
of earth’s cru^t, t.r. although there is no axis of crystalline 
schists, the strata, together with diatMises, keraiophyres, and 
the acoompanying tu9s, are considerably depresse<l between 
highly elevated plutonic rocks (granite, gablwo, Set.). 

The avmmi the ^bbro and granite present the 

followiDg authigenic minerals ; quartz, orthoclase, alhite, 
plagioclose, Wotite, muscovite, hornblende, actinolite, augite, 
bronzite, chlorite, eptdote, garnet, vesuvian, tourmaline, axinite, 
wollasto'utc, cordierite, sphene, spinel, andalui+Ue, rutile, mag- 
netite, hematite, titanifeioua iron ore, magnetic pyrites (pyrro- 
thine), and other sulphur ores, caldtc, duorite, apatite ; and con- 
tinued investigations will easily add others to the list, as, for 
instance, anatase, zoisite, Uthionite, lepidoHte, coruTulum, silli- 
m^ite, cyanite, graphite — indeed, the four last'mcntioned 
minerals have already been detected in certain mineral aggrega- 
tions in post-granitic dykes of the Hnrtz, that probably are to be 
referred to metamorphic influence. Hut not only do these minerals 
shinv great resemblance to tho^e svhich are most frequently pre'^ent 
in ArchiTan crystalline schists ; their comhinaiion to definite 
mineral agi^regates and rod' i aliO makes the analogy cite n more 
eomplele. In the normal gtteisses^ which are derived, with great 
diversity of structure, from tlie culm greyivaekes and the ^rey- 
’ivacke schists of the Oberhartz^ in contact with granite and gabbro, 
are intercalated cordierite- and garnet •gneisses and augite- {or 
bronzite-) hearing gneisses^ which are produced by the alteration of 
schistose and calcareous sediments. Saccharoidal quartzites are 
clearly produced by the recrystallizntion of Carboniferous or 
I^ionian lydites (fCieselschiefer) ; and it is very difficult to dis- 
tinguish thc'C from rocks produced by the contact-metamorphism 
of nearly pure quartz-sandstone (Quafzitsandsteine). Horn- 
^toues {cornicnne\ which contain garnet, amphibole, augite (or 
bronzite), schorl, andniusitc, apatite, as well as orthoclase and 
. pl^ioclose, are found replacing mica-schists and phyllitcs. The 
thin Upmtone-seams in the Lower Dtmnian (//ercynian). Upper 
Devonian, and the Culm- measure?, are partly metamorphosed 
to compact or phanero-crystalline “ lime-silicate-hornstonesf 
contatning garnet or other allied silicates— vesuvian. epicloie, 
malacolite, a)rdieriie, amphit)Ole, sphene, Sec., in places also 
fluorite or axinite, and corresponding to the carnet -rocks, 
epidote-rocks, pyroxenites, ecklogito, &c., of the Archaean 
formation. 

In part, however, they have undercone marmarosis, while 
being impregnated with garnet or other silicates and locally 
with ores ; even anthraconite is not altogether absent from these 
marbles. Amphibolites are in part also derived from calcareous 
sedimeftis ; those, however, that contain felspar (plagioclase) 
in any essential quantity can be deinonptralerl to result from ! 
the contact -meta morphism of pre-g-uni/ic, Pa^OHian, and Car- j 
bomferous diabases that have been plicated and metamorphosed in \ 
common with the strata. Further, there are, in (he granite and 
gabbro contact-zones, alteration products 0^ the diabase that are 
rich in biotite ; and other prc-granitic eruptive masses, such as the* 
asigite-kemtophyres and the augite-orthophyres, show n great 
abundance of biotite, which is associated with a recrystallization 
of the orlhoclase and of a part of the augite. This biotite is 
certainly devoloiwd at the expense of tilorite derived from 
auaite or primary hornblende. 

Schistose rocks with more abundant biotite, that are locally 
present among the more dominant massive rocks, bear the 
stroi^est rc^mhlance to garnetiferous mica-schists. In the 
p>rphyroids of the Harts, which occur both within and withoiit 
the contact -zones, we mainly ftnd struck muscovite \ beyond 
the contact- tFone it occurs in sitch abuedanoe as to produce very 
schistose sericite rocks, which, on the other hand, are here also 
derfye4 directly from the porphyritic massive rocks, 'ntese 
porphyroids I regard, from my present stand-point, as the 
metamorphosed pre^ranitic tuffs pf qna«s-ker«topKyres and 
dum^-porphyrics. To these tuffis are pm^aps related certain 
.h0r»stppcjs^ very, tick in orthoclase^ which o^exur in the granite 
contnet-z^ with, Devonian and Carboniferons siliceous schists 
lOf AdSnoI® ?). 

!(|Mstic^ hm 1*^ 

What differences 'exist in the order of ciystaiHmiim of the 


minerals which compose gm Hite's, quart z-diorites, gabbtWyi 
diabase?, in short holo- and phaner^i- crystal line erupliVe ttreksy- 
and that of the secondary minerals produced in the contajct- 
metamorphism of these eruptive rocks ? 

This question must 1 c the more carefully answered, os, itf 
spite of the rich material so excellently collected and clevef^ 
arranged for the use of science by H. Rosenbuach, the ordet' 
of crystallization of the eruptive rocks is not yet firmly estab- 
lished. A certain degree of regularity is undeniable ; but, on 
the one hand, the chemical law is, as Lagorio has rtemonsttated, 
more intricate than that formulated by Rosenbusch ; and on the 
other, the order varies quite unaccountably with alterations m 
the physical conditions of consolidation (compare granite and 
pegiimtite). 

(3) Is the ophitic (diabase-) structure under all circumstances the 
structure of an eruptive rock, or are there undoubted sedimentary 
rocks possessing a similir structure? 

(4) It has been proved that graphic granite, as micro- and macro- 
pegmatite. forms an integral part of true eruptive rocks, espe- 
cially of granite and its porphyritic modification. Since graphic 
granite is very common among the gneisses, the question arises 
whether it is to be regarded as a true eiuptive rock, or whether 
such occurrences can be proved to have i>f'en produced by 
thermal action, or even lateral secretion, in the sense of a partial 
solution of the neighbouring rocks. 

Even if it !« admitted that all mincraU can be produced, by a 
suitable variation of the conditions, cither by consolidation, by 
separation from aqueous solutions, or by sublimation, still it 
does not follow, to my mind, that all the structures that com- 
bine minerals to regular aggregale‘', can be produced in like 
manner in these three modes of formation, li seems to me that 
such structures — as, for instance, the ophitic (diabasic) or the 
pegmatitic (to say nothing of the structures which are deve- 
loped in rocks containing glas.s or other base) — that have been 
demonstrated to be characteristic of %ocks of undoubted eruptive 
origin, must rather be regarded as indicating an origin by con- 
solidation from a magmatic condition, it? long as contrary proofs 
are not forthcoming No one, to my knowledge, has ever main- 
tained that the ophitic or diabasic structure can be of sedimratary 
origin ; but gabbros have been claimed — wrongly, as I believe — 
as sediments, in spite of the close relation of their structure to 
that of the diabases. 

As regards graphic granite (or macro- pegmatite), the case is 
somewhat different, 

The frequent occurrence of such masses in gneiss has created 
the notion that they are integral components of the sediment- 
ary gneisses. And this view is maintained, although a con- 
siderable portion of these pegmatitic masses can be clearly 
seen filling vein -like cavities, while another part make up lenti- 
cular patches that follow, more or less, the dip and strike of the 
schists. The occurrence of simple aggregates of quartz and 
feldspar, that are of thermal origin, mu t, then, in accordance 
with one’s experience of regional and contact-metamorphism, be 
unconditionally conceded ; while the absence of such aggregates 
in the grcywackcs appears to me to absolutely disprove a deve- 
lopment by lateral aecreiions. It is therefore not inconceivable 
that the pegmatitic aggregates represent, so to speak, the quint- 
essence of the gneiss, exuded into primary cracks. At the same 
lime, great caution is to be recommended ; for, since the intro- 
duction of the microscope, micropegmatite has, little by little, 
been recognized os an essential constituent of nu)r4erous acid and 
basic (with SiU^ per cent, as low as 48) rocks. The veins of 
graphic granite in the Hartzburg gabbro have been held by 
some for s^regation -veins. They arc, however, demonstrably 
apophyses of the eruptive granite ; indeed, the principal mass of 
granite ih the Brocken massif \^, in the main, micropegirtathlc. 
The banded sti future, with bilateral symmetry, of many peg- 
matites, which has been compared to that of many mineml 
veins, » no proof of their non- eruptive nature. 'I he augites, 
felspars and other minerals of lavas present banded structures 
with variable chemical composition : banded structure with a 
chemical composition varying from that of diabase to granite- 
porphyry, is shown by compound eruptive ^kes, as has 
lately Men well shown by Biicking, in the ThUringerweld 
(“Jahrb. d. fegl. preuas. GeoJ. Landesnnst. f. 1887,” p. 1 10, 
et seq, ). Even the drusy character and the richness in minerals 
presented by the central portion of many pegmatite-dykes finds its 
aoaloey in the external shells of true eruptive granites, which 
may, however, be cqmpliotted by the influence of thermal actions, 
accompanying, or auDsequent to, eruption. Giant spheruHtts, 
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of a decimetre diameter, c&mpastd of maeroptgfHaHti^t €nv$l 9 pin$^ 
a porphyritU Carlsbad hvin of potashfeldspar (otthoclase or 
microcVine)i that occur In the granite of the Riesengehirge, 
repeat, on the large scale, the microscopic characters of the 
micropegmatitc of certain quartz- and granite porphyries (the 
granoph^re of flosenbusch). Ail tJicst pkenonuna comptl the 
assumption that at least a part of the pejpnaiites are of indubit^ 
ably eruptive origin, and arouse in us the question whether this 
structure is not to be brought into connection with the origin of 
the gneisses. 

(5) What are the differences between the primary structures 
[due to consolidation) of the plutonic and volcanic rocks and the 
structures of (a) the crystalline sediments, (^) the metamorphic 
rocks in contact with granite, (r) the crystalline schists? 

(6) What reliable characters have we, to distinguish crystalline 
grains developed in situ from clastic grains, in cases where they 
occur, side by side, in one and the same rock ? 

The answer to this question has already frequently been 
attempted, among others in the most praiseworthy manner by 
A, Wichmann. . It requires, however, a fresh solution based 
on the latest experiences. The safest test of the authigenic, 
non-claslic nature of a grain is doubtless the presence in it of 
enclosures of minerals that are also present in the rock as 
authigenic constituents. External form and internal molecular 
relations, in consequence of pressure- phenomena, can, how- 
ever, be very misleading. Hard minerals, especially, occur 
in dastic sand in very sharp crystals (quartz, tourmaline, 
zircon, &c.). 

(7) Are the views of those authors justifiable, who conceive 
certain gneisses or porphyroid crystalline schists to have been 
produced by the injection of a granitic magma, in diseontinuo, 
between the schists {Schiefe^)} 

(S) If the vieus expressed in the preceding question are justi- 
fiable, how are the gneisses and porphyroids, produced by the 
addition of granite tn diseontinuo to slaty sediments, to be 
distinguished («) from true eruptive granite or its porphyritic 
modification, both having, under the influence of pressure, under- 
gone a "phyllitic” mo(lification ; {b) from slaty sediments in 
which aggregates or crystals of silicates have been deposited 
from water (quartz and feldspar)? 

(9) What differences can he established in mineral composition 
and structure between a true eruptive granite and an indubitably 
stratified (not simply jointed or cleaved) so-called ** Lagergrauir* 
or granite-gneiss ? 

An amalgamatioft of eruptive granite with the mineral 
aggregates of the rocks in contact has, according to my experience 
taken place in some cases ; but I have not yet observed an 
undoubted discontinuity in such granitic material. It is much to 
be desired that the French geologists (for instance, Michel- L<^vy 
and Charles Barrois), who defend the views formulated in Ques- 
tions 7 and S, would enrighten us by good drawings of macro- or 
microscopic sections, m to how far in this difficult (luestion an 
incontestable separation of injected ivuptwe granite from meta- 
morphic gneiss ts possible. This would, without doubt, facilitate 
the solution of Question 9. Unanimity on this point will scarcely 
be obtained without a careful structural diagnosis, which, of 
course, must be supported by servLceabU material, self-collected 
in the field. 

(to) Are there any absolute material and structtiral differences 
between metamorphic rocks of the granite contact-zone (horn- 
stones, com^nne, &c., cp. Question i) and rocks affected by 
r^ional or dynamic (Dislocations-) metamorphism ? or are such 
differences only relative, and what are they ? 

The exact solution of this question requires, above all, the 
assumption that only such occurrences shall be submitted to con- 
sideration that are unmistakably connected with visible eruptive 
rocks. It should also not be forgotten that rocks which have 
originally undergone contact- metamorphism have, in some cases, 
suh^uently lost their peculiar characteristics in consequence of 
the influence of regional metamorphism. With this qualification 
1 am personally inclined to concede only a relative and not 
absolute differences. I am guided in this, not only by my 
experience in the Hartz, whi^ has made me acquainted with 
the remat kable variation of the metamorphic rocks in contact 
with granite, according as they occur just outside (he contact- 
zone or in its outer, middle, or inner division ; nr again 
according as they belong to the unpenetrated hut eroded mantle 
of the eruptive cores, or to masses, of greater or smaller extent, 
that have sunk deep in between the eruptive masses and have 
been covered up by them. The rocks occurring thus differently 


vary between' a phyllitic ctay-slatc end gneiss, while the "main 
mass of the slate- and grauwacke-homslooes present little 
resemblance to the crystalline schists. In the classic region of 
the Erzgebirge, however, there occur, according to the careful 
investigation of our Saxon colleagues, compact hornstone^l^e 
or even conglomeratic grcywcuke gneisses (the mica-trap of older 
writers) that present this analogy in a complete degree. 
Hie same analog is presented by Gosselet’s Lower Devonian 
**cornPite*\ (to be distinguished from corndenne, the product 
of contact-metamorphism) from the regionally metamorphic 
Ardennes of Belgium, Again, the Leaver Devonian fossiliftrous 
sediments of the Ardennes, containing garnets, hornblende^ and 
graphite, that are so well known through A. Renard's admirable 
descriptions and drawings, remind one of hornstone, although 
no contact with eruptive rocUhas been observed affecting either 
them or the Cambrian garnetiferous iVei&schiefer^' of VieUalmc. 
The association of such hornston e-like rocks with those of the 
usual phyllitic type of regional metamorphism recalls the 
obcurrence of lime-silicate-hornstones in the outermost zone 
(beyond the zone of the “ Knotenschiefer ” around the granite 
of the Rammberg. Whatever explanation of these phenomena 
may be given— Gos^elet is decidedly in favour of dynamic 
metamorphism as opposed to a latent contact-metamorphism— 
at least this is evident, that important contributions to the 
question, here formulated, can be furnished by the Ardennes. 


ON THE CI^SS/F/CA TION OF THE 
CRYSTALLINE SCHISTS,^ 

'T'lIE most important constituent of the earth’s crust — the 
crystalline schists— has remained, with respect to their 
field-relations and their origin, the most shrouded in dark- 
ness. The difficulties that bar the way are quite excep- 

tional. We have frequently to deal with rocks that have 
undergone subsequent alteration, without being able to determine 
their otiginal constitution, and without being able to explain the 
nature of the change. We have, as it were, to deal with an 
equation with two unknowns — we cannot solve it. 

At the present time we meet with a number of attempts to 
classify the crystalline schists, mainly according to petrological 
characters, in stratigraphical groups. I regard these attempts 
as premature, for inis reason : mScroscopists are unfortunately 
very behindhand in the exact investigation of the crystalline 
schists, and of the half-clastic, half-crystalline sediments. The 
purpose of these lines is to direct attention to another difficulty 
which has not yet received sufficient consideration, but which 
bars the way to every attempt of that kind—rnamely, the 
mechanical metamorphism during mountainformation. 

That, by the plication of the Alps, the constitution of the rocks 
has been completely changed, is most directly proved by an ex- 
amination of the sedimentary rocks ; because the latter can be 
also 51 tidied in an nnaltercd condition in adjacent localities. The 
commonest changes met with here in connection with folding 
are ; — 

Deformation of fossils, pebbles, or crystals (compression in 
one direction, extension in another). 

Cleavage ( Transversalsckiefet nng). 

Cleavage with linear extension. 

Puckering. 

Internal formation of breccias and cementing of the same by 
secretions. 

Internal formation of innumerable slickensides, so as to 
change the whole structure. 

Scaly structure, produced by the compression of Oolitic 
structure. 

Alteration nf hematite and Hmonite into magnetite, in 
connection with cleavage. 

Marmorosis of the limestones. 

Formation of confusedly ** kneaded" structures (iCneUirttc- 
iuren), 

Developptent of new minerals (garnet, stauroUte^ mica) in 
places that have undergone crushing. 

Now, sedimentaiy rock», meumorphosed in the above way^ 
are frequently found in extremely narrow synclinal zones, nippM 
in between rocks belonging to the ciysUlline schisu. The 

* •* 2 orXla^fication d«r kry^tmlUnUclien Schiefiir,^ vmi Prot Dr. Alhtrt 
H«m. “Etudw ur ks iichUtn Cciituimirt.” Published by tho^iiiewr- 
by*Dr Londow, (TraoslaeM ten tkaOmu 
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AlpiM tones, which consist mainly of crystalline schists, are 
termed umtral massifs. Such intercalations of mechanically 
metamorphosed sediments with the crystalline schists are very 
iir^uenUy to be observed at the ends ol the strike of the central 
and between the central massifs ; they are not rare even 
in the interior of the central massifs. The crystalline schists 
and metamorphosed sediments not only present the Fame strati- 
mphical position, but also aimilar characters in other respects. 
The cleavage of the sedimentary rocks may be continued in the 
same direction into the crystalline schists ; and similar conlor- 
lions may traverse both : in the latter, as in the former, a marked 
linear extension in the same or but sMghtly deviating direction 
may be present : calcareous patches in the crystalline schists are 
crystalline and granular, and contain layers of mica-scales which 
have undergone extension, precisely as in the neighbouring 
Jurassic limestones, &c., ike. From these facts we see that 
tn these crystalline schists we have not to deal with rocks of 
original constitution, but that both these rocks and the 
sediments have undergone similar mechanical metamorphism. 
The only difficulty in dealing with the schists Ss contained in the 
fact that we are never in a position to describe the original ap- 
pearance of the rock before it underwent the mechanical 
metamorphism. 

Now it is in the crystalline schists that the plications of the 
earth's crust are most potently developed. The isoclinal and 
fan-shaped folds, the wedging and kneading together” at the 
contact with the sediments — in short, all these hign /orms of dis- 
location, which are the earliest to modify the inner structure of 
rocks, are to be found in the crystalline zones of the Alps. 'I'hey 
are most highly developed in the northern series of the central 
massifs (Mont Bianc, Aiguille Range, VinstcT^AT-massif 
GotihoLTd-massif Silvretta-«iar/^, Ucc.), 

At first sight it appears as if the crystalline schists and the 
true sediments, in the Alps, were separated by a constant un- 
conformity; but frequently even recent sediments are found 
folded in, parallel with the crystalline schists. Again the 
sediments often take the position of a central massif; indeed, it 
seems as if a great port of several of the central massifs consisted 
of Polseozoic sediments. On the other hand, in the southern 


central massi/s of the Central Alps, we see the crystalline schists 
lying in all respects like the sediments. 

Those who have worked in these parts of the Alps will 
have remarked how often the mechanical crushing under- 
gone by the rocks obliterates the limits of stratigraphical and 
petrographical char^ters, and how many rocks have become 
confused thereby in their development [AusMluns'^tt^^ise), 
Such changes can sometimes be directly proved to be the result 
of local crushing ; sometimes, however, they arc regional, and 
then paraages into the unaltered rock are difficult to trace. All 


degrees of change by earth- movements are to be found, from a 
sli^t alteration of the structure up to complete metamotphUm. 
In hundreds of places one does not know whether one has to 
deal with the residual traces of original bedding or with 
a cleavage {TyansversalscAieferun^t QssetsctMnffsschiefcrmng) 
that has completely obliterated the original structures. In 


many cases it is impossible to distinguish between a schistose 
structure {ScAieferun^), superinduced by earth-movements, and 
one that is original. Schistose structures which cross one 
another aie by no means rare. Whether the more pronouneed 
or the less definite one is then the original is often not to be 
decided. Even an exact microscopical examination will often 
not suffice to distinguish between structures resulting from crush- 
ing and lateral deformation, and the fluxion-structure of an 
eruptive rock. It is certain that a structural modification by 
earth-movements has everywhere taken place where linear ex- 
tension abounds. The latter is never original. In such 
crystalline schists with Imear-parnllel structure there are often 
eloimted, ragged mica-scales. The linear extension can go 
as far as the development of rod-like sepamion (stenrl^ 
Absanderunf^, 

Are (here any rocks left in the cehlral masnfs of the Alps 
which have undergone no change in structure during the 
Oroj^etic processes? 

•'Hie metamorphism can penetrate still deeper. 

Enormous cones, for instance* in the intor^r of the Finsteraar- 
mtusif, that were formerly held to be true crystalline schists, 
prove to be originally clastic rocks of the Carboniferous period 
ahat have bM squeeced into schists, and pervaded by 
aocondaiy mica, C^^on^eiiitic rocks of the Verrueano group, 
and nipped into the central mass^, have become 


crystalline, schistose, and even gneissose. They can scarcely be 
distinguished, m the Held and in the hand-specimen, trom 
crowed gneisses pervaded by sericite. Graniies can l>e proved, 
locally and perhaps also regionally, to have been compressed 
into gneisses. Gneisses, having a diftereni position relatively 
to the pressure, have locally become granitoid. Massive 
eruptive fclsite-porphyries have become leisite-sciusts. Mica- 
schists have been dragged out ; their quartz groins ground 
down ; and the whole cjnverted into a rocK tliat one would be 
inclined to describe as a sandy clay- slate. Even Liossic slates 
with fossils have been converted into gametiferous mica- schists, 
staurolite-schists, &c. 'I’he boundary oetween the old ciysiolline 
schists and real sediments in the Alps has, by such processes 
of dynamic metamorphism, been obliterated, and the proper 
character of the rock so altered as to render recognition impos- 
sible. When we sec, in true sediments, new minerals developed 
by the prepress of the mechanical metamorphism (magnetite in 
the crushed Oolitic ironstone of the Winagalle, garnet in the 
Belemnite- slates of Scopi), the question arises, lor the crystalline 
schists of thy» and neighbouring regions— Which minerals are 
original, and which have been produced subsequently, by 
orogenetic processes ? 

We arrive at this conclusion x^The constitution of the crystalline 
schists in the Alps has been much changed hy the orogenetic pro- 
cess (dynamic metamorphism). Ortgiftal material and meuerial 
nuchamcally produced at a later period ^ are oj ten not to be separated 
from one another. 

Besides these, the Alps present other difficulties that stand 
in the way of the recognition ol a stratigraphicol grouping of the 
crystalline schists. The Held-relatious are irequemly so imncate, 
that often it is very difficult to decide wliat originally iay under 
and what above ; and whether the enormous thickness, for 
instance, of many gneiss-complexes, is real, or merely produced 
by repetitions of ihe folding, the folds l)eing concealed by 
cleavage. 

It follows that, if, on the basis of petrographical relations, a gene- 
ral stratigraphy ot the crystalline schuis is to be attempted, this 
must never take place riJ the result of observations mcuU in piteated 
regions of the earth's crust : districts must rather be chosen vtkick 
are not inJiueHced by disturbances of the Alpine character, in the 
question of the stratigraphy ot true crystalline schists, the Alpine 
geologist is not in the [>05ition to turnish material of essential 
value ; he must rather wail for the re-iults ot the workers in 
other regions, in order to be able to apply them to his own 
district. The dislocations of fraclureil regions have, in the main, 
left unaltered the constitution of the rocns. I'here, then, the 
crystalline schists can be studied in their unaltered condition. 
There also they lie in flatter and more regular bedding ; and a 
stratigraphical sequence is sooner to be louad than in the Alps. 


ON THE ORIGIN OF THE PRIMITIVE 
CRYSTALLINE ROCRS.^ 

T N this paper the author briefly summarizes the ideas prevailing 
^ on the origin of the crystalline schists, and throws a douDc 
on the current opinion that the primitive rocks have been formed 
by the direct crystallization of their constituents, lie divides 
his treatise into two parts; (i) stratigraphical considerations; 
( 2 ) the mode of association of the component minerals. 

( 1 ) Stratigraphical Consideratiotis.-^The primitive crystalline 
rocks form the fundamental floor upon wmch Uq the earlier 
detrital deposits, their schistosity being often pafaHel to the 
stratiflcation of the latter. 

Although composed laninly of acid gneisses, the primitive 
rocks present countless variations in chemteal and mmeralogical 
composition ; they indude very basic representatives, such as 
the amphrbolitesi, pyroxenites, peridotites, ciiiolines, and dolo- 
mites, dtc. These intercalations are always parade! to the 
schistosity ; tb«y form elongated lenticular patches, of which 
the greater axis is in the direction of the general banding. 

At the sad» time, their relative homogeneity in compoaitioQ 
is shown by comparisoD of sequences established, not only in 
Europe* but also in the United States and the rest of the worl^, 
goeiases predominate at the base ; then come frequent 
intercaiaiioaa of nuca-schUts 4uid leptymtes, with which are 

* “ Sur rOdaine de» TerraiaR Cristallins Primitifii," by M. A. Miohel- 
L4vy, Bull. tiOft Fninee. je atfrie, t xvi. p. lofl. xSeS, PutrtUhed by 

th« Intcrfiiuianal Oeol^ldsl Congress in London, tSSB, (Abstracted from 
the FVeoch by Dr. F. H. Hatch.) 
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Mnoclatcd nmphiboUt^s «nd cipolines. Above this Ant diviftkm 
chloritic ami seridtic inica- schists are developed, alternating 
occasionally with amphibolitic layers. This second stage is 
succeeded by a series which also comprises hornblendic and 
augHic (cifrms •&trtes) schists, bnt includes, further, the Srst 
dettital deposits. At every horirtm there is a gradwl passage 
from the one staga to the other. The 6rst detrhal deposns 
alternate whh seridtic and chlontic schists ; and even as far up 
as in the Cambrian, large bands of felspathic schists, which can 
scarcely he distinguished from the more ancient gneisses, are 
developed in connection with the intrusion of granite. 

The primitive rocks are, as first pointed out by the author, 
injected and penetrated by ancient enquivc rocks. This 
phenomenon is al o to be observed in the earlier detrital schists. 

Rolled pebbles and flagmen is of gneiss, mica-schist, &c., 
have been repeatedly found in the granitic and granulitic gneisses 
of various localities. The author^ own observations lead him 
to compare these phenomena with those in which rounded balls 
have been inclosed in a truly eruptive granite. In numerous 
cases, m which fragments of gneisses have been enclosed in other 
gneisses, he has always been able to prove that the enclosing 
rock U much more fclspathic than the inclosed fragments. 

These facts cannot, therefore, be advanced in support of the 
detrital origin of true gneisses. 

(2) Mode of Association of (he Coinponent Minerals . — The 
mineralogical composition of the gneisses and of the schistose 
basic rocks associated with them, is nearly identical with that 
of the granular eruptive rocks ; and all the types of the older 
eruptive rocks have their representatives in the schistose series. 

A great analogy therefore exists between the natural forces 
instrumental in the production of the two scries. 

Speaking generally, tlx older eruptive rocks arc rigorously 
homogeneous over vast areas : fragments of these rocks are 
everywhere comparable to one another. This homogeneity is 
reproduced in theschistoi'e series ; but it is, so to speak, periodic, 
and one must first know the orientation before comparing 
fra^ents taken from a distance. 

The structure of the gneisses presents a series of successive 
cryilaUiaaiions, accompanied by mechanical phenomena and a 
cementing of the dislocated components. The author, while 
seeing in these phenomena the traces of a series of metamor- 
phic actions, followed by the injection of foreign material, does 
not wish to deny the additional intervention of secondary 
mechanical actions. But, whatever theoretic explanation be 
adofited, the facts are well established, and irreconcilable with 
the assumption of a preliminary mixing of the magma of the 
schistose rocks, and therefore with the hypothesis of a primordial 
orijrin. 

The author then proceeds to demonstrate nt some length that 
the intimate structure of the gneisses is idenitcal with that of 
sedimentary schists modified by coniaci metamorphism, and 
finally Injected by eruptive focks. 

Microscopic studies have disclosed the minute liquid inclusions 
contained by the quartz of the gneisses. Zirkcl and Kalkowsky 
have made the interesting oMei vation that the streams of in- 
cUtslons arc restricted to the central portions of the quarU-grains 
and are not prolonged to the periphery ; and Dc Lapparent 
adduces this fact as a proof that the grains have not been derived 
fK)in a pre-existing rock. But this argument is overthrown 
by the fact that the quartz-grains in the Cambrian micaceous 
schists, which are of inoisputably detrital origin, present exactly 
the same phenomenon. It admits, moreover, of a very simple ex- 
planation. These quartz^grains, of clastic origin, have undergone 
subsequent enlargement by the assimilation of secondary quarts, 
which tends also to give t^m an exterior crystalline form. This 
atcondary quartz is poor in liquid inclusions, and encloses scales 

black mica and other minerals. 

Considerations md Hypotheses on the Origin of the 
HritsdHve Rocks. — Among the hypotheses advanced to explain the 
origbi «lf gneiss, the author diecasaes the two that have found 
the moat tfaneral acceptance. The diet, which is now somewhat 
abamteed bat has Use merit of perfect deameas, makes the 
gnobacfi the. revolt of a kind of conflict between water and the 
primaiy molten magma of the earth. The other expUnadon, 
whu^ j$ more vague, accords to the gncisites a sedimentary 
ori^n* • TIm^. are the deposits of a kind of supeBiatttc«t«d vea, 
which precipitated on to its floor the successive crystalline bands 
which tdiamcteriae the gnekwes. Note that this hypothesis 
prevttpjMMcs a unknown substratum. 

(r) supposed that the first substratum was 


formed by the granites which are found Cropping but over such 
vast areas. Detailed studies have shown, however, that the* 
granites are younger than the gneisses which they ImveiW!, 
inject, and displace. Even the most ancient among them are at 
least younger than the first detriial rchists. 

It 1 % therefore to the gneisses, distinctly banded fmd (dternating 
in their lower beds with mica-schists, that this mixed origin— 
this rSic if Romes prifreordiales—mxat be attributed. 

Has this substratum of the teriestrialcruit ever been seen io 
the most disturbed regions? 

Cordier supposed that terrestrial refrigeration was constantly 
increasing, in the downward direction, tne thickness of the first 
solid crust. If we could descend through the earth^s ensty we 
should pass successively through rocks oMnereasing basicity until 
we should find, enveloping the still incandescent nudetts of 
impure iron, a rock analogous to Iherzolitc. 

A serious objection to this is the fact that a descending order 
of basicity is not home out by the stratigraphical relations of the 
gneisses. Lhcreolite is found erupted through the primitive 
rocks ; and the basic peridotiies are intercalated moderately high 
up in the gneissic series. 

From the purely speculative point of view . it is improbable 
that the first products of consolidation did not receive a tnorough 
mixing, rendering the rock homogeneous, and preventing the 
formation of those numwni.s micaceous membranes so charac- 
teristic of the primitive rocks. If these first products were acid, 
as there is reason to suppose, the first substratum must have 
constituted a massive and homogeneous granite. It is on a floor 
of this kind that the precipitation of the atmospheric waters 
must have prepared the elements of the first detrhal rocks — ^the 
first arkoaes. 

( 2 ) The second explanation — the successive crystallization of 
bands of gneiss from the waters of a universal sea —encounters 
similar difficulties. It ap{>ears to the author irreconcilable 
witft the .structure of the gneissic rocks. The continuous mem- 
branes of mica, and the almost vein- like appearance of the 
quartz and felspar, do not accord with the notion of con- 
cretionary deposits that this hypothesis requires, supposing the 
supersaturated liquid to have been in a state of perfect tran- 
quillity. If, on the other hand, we suppose that there existed 
local Citations due to the unequal distribution of high temper- 
atures, the remarkable periodic homogeneity of the gne&ses 
becomes inexplicable. 

From a considerarion of these facts and hypothese’, the author 
arrives at the conclusion that the veritable and primary sub- 
stratum of the terrestrial crust is not visible ; that this substratum 
has undergone much alteration ; finally, that the so-called p^l- 
tive rocks are a complex of eruptive rocks, later than the gneisses, 
and of rocks which are really detrital, bnt which have undergone 
excessive metamorphiam. 

The eruptive rocks, by which the primitive rocks hare been 
injec'.cd, arc later than the banning of the Cambrian. They 
were produced in extraordinary abundance in the later por- 
tion of this jreriod : granites, diabases, diorites, norites, and 
Iherzolues. 

In discussing the primary causes of the eruption of these 
rocks, the author mentions that Lehmann and others of the 
German school, are inclined to seek them in the partial trans- 
mutation into heat of the mechanical work performed during 
the intense periods of contortion undergone by the earth's cru^t 
The author himself refers them to manifestations of the internal 
heat of the globe, the great earth- movements having simply 
effected the ascension and injection of the eruptive magmas* 


MOTHS. 

By the death of Mr. Jameson on the Upper Congo, odetice 
has lost a most promising young naturaKst. The coU^otions 
made by him some years ago in Botnea ww never detcribed, 
but we believe that in that iskmcl Mr. Jameson .met with mni^y 
species of birds since obtained by other travcHert^ H» eopodi" 
tion to Mashoona Land retulted in the .disdomy of dome 
intetesfing new species of birds, and an elaborate paper was 
written on his collection by Captain SbeUcy ^il the /Hf for 
iBSy. A small number of birds has also been «wat Ity him foem 
the Arawiml River to his friend Mr. Bowdler Bhorpef isJie has 
been waiting for further ooUectfons before wrHiitg nn neooiiistt of 
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tbvBil We do ftot ki^ow whether «iiy further coMignmeiite ore 
oixjtttir yny &om the district where Mr. JasMson was stodctted. 
fermanf iDO&tht with the late Mi^or Baittelot. He described 
the country as a disappointing locality for the collector^ the 
few birds obtained hy him being merely the ordinary Congo 
apcci» 

Ws regret also to have to record the death of Mr. T, H. 
P^tv A well-known New Zealand oraitfaologiat. Mr. Potts’s 
naioe has been connected with the natural history of New 
ZedlAjnd ior a number of yearsj and his observations oU tlie 
nestmg and life-history of the birds of bis native country are 
among the most interesting contributions to the Transactions of 
the New Zealand Institute. 

We have received a communication from Herr Garnet, of 
Copenhagen, the cquipper of the Norwegian Expedition to 
Greenland, in which he informs us that if the undertaking has 
been successfully accomplished the members of the Expedition 
lihould be on board the sailing-ship /V», which was to leave 
Disco Bay on September i6, and is due in Copenhagen in the 
middle of October. If not on board this vessel, the Expedition 
will have to remain in Greenland until next spring, as this is the 
last ship leaving, aixl no news will l>e obtainable from Greenland 
till then. 

We learn from the Scotttnaa that the hshcry cruiser H.M.S. 
Jackal lately left Granton on a scientific expedition, which will 
include a cruise of several weeks in the North Sea and a visit to 
the Baltic. The chief object in view is to collect data likely to 
throw more light on various questions which, when solved, will 
admit of a better understanding of the movements of the edible 
fishes and of the myriads of minute organisms on which they 
feed. The Kxj>edition is under the direction of Dr. John Gibson, 
of the University of Edinburgh Chemical Laboratory, who is 
accompanied hy i)r. Hunter Stewart and Mr. Maitland Gibson, 
also from the University of Edinburgh. 

Many students of science will regret to learn that the 
Naturforschcr has ceased to appear. The last number is dated 
September 23. 

Preparations have been made for effecting the proposed 
connection between the Olwervatory of I*aris and Green widj. 
It is expected that this will lead in the end to the acceptance of 
the Greenwich meridian by French astronomers. 

The General Omnibus Company in Paris has introduced into 
its service the electricity supplied by the Electric Storage 
Company. The carriagen run from the Arc de Triomphe to 
Courbevoie^ a distance of about two miles. Each of the two 
fore* wheels is put into rotation by a separate dynamo, over 
wbtdi the driver exerts controL The velocity is somewhat 
greater than that obtained with horses. 

Three new sulpho* chlorides of mercury have been isolated 
by Drs. Poteck and Goercki, of Breslau. Every student of 
chemical analysis is familiar with the pem^r changes of colour 
which occur when a solution of mercuric chloride is precipitated 
by sulphuretted hydrogen gas ; how that the precipitate at first 
is. perfectly white, shortly puses to a yellow, and then rapidly 
darkens, becoming orange, bronfidili-redr and ^finally, when 
excess of the fu has been ted dsrqngh the aoludon, perfectly 
black. Tht. while compound first formed wis shown so loqg ago 
as ifiaS ht Rose to consist of a aitl^plib-Qhlodde of the coraposi- 
Uon 2Hg$ . HgClf ; bat the farther changetappear never to have 
been hUhertb (boroughly investiitSSe^. The drealau chemists, 
aAer. hilly ^nfirtmog the composKlen of the wMle snbelance, 
nam sboif darkeniiig is due to the Ibmuaiofi of sue- 

eessi^ b^her salpHo-chloHdeB, 3HgS . HgCf» 4Hg$ . HgCI,, 


5HgS . HgClf ; the final peoduct being, of course, the sulphide ' 
of meruuary, HgSi itself. This hu long been supposed' to he 
tbn case, and it is very satUfactory to have these vaeiuiis sulpho- 
chlorides at l«t isolated. It may readily be reen, howevet, that 
hy simply pusing the current of sulphuretted h) drogen until the 
precipitate becasne of any particular tint, one would never be 
able to isolate these high^ compounds, the mixture becoming 
more complicated every minute. The method adopted, after 
many fruitless attempts, consisted in completely precipitating in 
various experiments quaniities of mercuric chloride correspond- 
ing to three, four, and five molecules respectively ; the precipitates 
were in each case cr nstened 10 a ilnrk fitted with inverted 
condenser, and digested for some time with a fresh quantity of 
the chloride corresponding to another molecule. The first 
product, 3HgS . HgCIj, possessed a lu'ownish col ur, and the two 
higher ones more and more nearly approximated to the black of 
the pure sulphide of mercury. In each case the filtrate was 
found to be free from quicksilver and chlorine, proving that the 
extra molecule of the chloride had in each case combined, and 
analysis j»howed that the precipitates really possessed the com- 
positions above indicated. These sulpho- chlorides, moreover, 
are very stable ; they are almost perfectly insoluble in water, 
and may be digested with water in sealcil tubes at 200“ C. 
without undergoing any change. They are also insoluble in 
both hydrochloric and nitric acids, but dissolve in the mixture of 
the two known as aqua regia. They were finally shown to Le 
distinct chemical compounds, and no mere mechanical mixtures 
of sulphide and chloride, by the peculiar action of potassium 
iodide upon them. It may therefore be considered that the 
question of the action of sulphuretted hydrogen upon mercuric 
chloride has now' been definitely settled. 

Prof. H. A. Hazkn, of the Signal Service, Washington, has 
compiled a Hand-book of Meteorological Tables,” containing 
in a convenient form all the reductions needed for current work, 
omitting those not now generally used, such as Reaumur tem- 
peratures, &c. Several of the tables are new, or re-computed 
in their present form after some years’ experience of the author 
in their use. The table for reduction of barometrical observations 
to sea-level has been extended to 8000 feet. Among the useful 
additions we may mention formulae and tables for the determina- 
tion of mean wind direction, and for the conversion of wind 
velocities from miles per hour to metres per second, and vice 
versd. The latest determination of the metre is used in all 
linear tables. 

Ox the night of September 5 a brilliant meteor was seen at 
Bolmen, in Sm&land, in Sweden. It first w-ent in a straight 
line from cast to west, when it suddenly altered its course, falling 
to the earth uith a dull report. Ita colour was bluish-white. 

Snow and frost are reported from several parts of Sweden, 
whilst flocks of birds have been seen raigraiing southwards. 

The preservation of the eider on the south coast of Sweden 
has had the most beneficial results, considerable flocks of these 
birds being now often seen. 

Two runic stones have been discovered at Sorunda, in Sweden. 

The Swedish Consul at Eskefjord, in Iceland, writing at the 
end of August, states that although the fjord was free from ice 
there were siUl large masses of drift-ice along the east and north 
coasts, which were practically unapproachable for vessels. There 
was also much drift-ice in Denmark Sound. The cod and 
herring fisheries had been good. 

A NoRWisniAN imturaBit, Herr L. Udterman, draws atten- 
tion to the peculiarly green waters of certain rivers In Norway, 
emanating from those snow'- fields which never melt, and describes • 
the colotnr as due to cortoin green Alg« on old snow. In support 
of this he iD^tjons that, when walking acres* old snow in the. 
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highest parts of Norway this summer, he noticed that foot- 
prints a Burned a greenish hue, which was not the case with 
new snow. It has generally been assumed that the snow Algse, 
so well known in higher latitudes, did not as a rule flourish on 
^now in Norway, 

Tkk Society foj* Promoting Christiao Knowledge will publish 
shortly a ** Star Atlas/’ containing maps of all stars from I to 
6 '5 mag. between the North Pole and 3^° south declination, 
and of all nebulee and star clusters in the same region which are 
risible in telescopes of moderate powers. The explanatory text, 
by Dr. Hermann J. Klein, has been translated and adapted for 
EnglUh readers by Mr. Edmund McClure. 

Messrs. Crosby Lockwood and Son will publish during 
the ensuing season the following works bearing on science i — 
“ The Metallurgy of Gold,” a practical treatise on the metal* 
lurgical treatment of gold-bearing ores, including the processes 
of concentration and chlorination, and the assaying and rehntng 
of gold, by M. Etsslcr, formerly Assistant Assay er of the United 
States Mint, San Francisco ; with 90 illustrations. Practical 
Surveying,” a text-book for students prepa'ing for examinations 
or the colonies, by George W. Usill, A.M.I.C.E. ; with 
upwards of 330 illustrations. ^'Tables, Memoranda, and 
Calculated Results for Farmers, Agricultural Students, Graziers, 
Surveyors, Land Agents, Auctioneers, &c.,” with a new 
system of farm })ouk keeping, selected and arranged by Sidney 
Francis ; waistcoat pocket size. AUo the following; new volumes 
in Lockwood’s 5crie.s of ‘‘Handy-books for Handicrafts ” : — ^ 
*' The Mode] Engineer’s Handy-lwok,” a practical manual, 
embracing information on the tools, materials, appliances, and 
processes employed in constructing model steam-engines, by P. 
N. Hasluck ; with about one hundred illustrations and working 
drawings (in the press). “The Clock Jobber's Handy-book,” 
a practical manual, embracing information on the tools, 
materials, appHances* and processes employed in cleaning, 
adjusting, and repairing clocks, by P. N. Hasluck ; with a1>out 
one hundred illustrations. “The Cabinet Worker's Handy- 
book,” a practical manual embracing information on the tools, 
materials, appliances, and processes employed in cabinet work, 
by P. N. Hasluck ; with about one hundred illustrations. 

In an interes ing papier presenting n concise history of the 
acclimatization of the Salmonidsc in Tasmania, Mr. P. S. 
Seager claims that success has l^een secured in the thorough 
and unquestioned establishment of salmon trout and brown 
trout, both of which species are now abundant in Tasmania. 
The establishment of the true salmon is still to some extent a 
matter of uncertainty. “ It must, however, he borne in mind,” 
says Mr, Seager, “ that more than one specimen submitted for 
scientific examination to Dr. Gilnther and others have been pro- 
nounced S, sa/ar, aud that Sir Thomas Brady has publicly stated 
his belief that specimens shown to him are of the same species. 
In speaking of them commercially, Sir Thomas states tha^ such 
specimens in a salmon- producing country would be accepted as 
salmon without a doubt.” I’his being so, Mr, Seager is of 
opinion that the establishment of S, saiar in Tasmania may 
almost be regarded as an accomplished fact. 

Advices from the Philippine Islands, vi^ Hoi^ Kong and 
Yokohama, received at Queenstown from New York on Saturday 
morning last, state that over 300 lives wtre lost in those islands 
by the eruption of an old volcano, named Mayon, at the latter 
end of July. Several hundreds of houses were also destroyed 
by the lava and a^hes, and tlie natives were in a state of panic. 
Volcanoes in the islands of the Bissayar group wepe also in a 
violent state oif eruption, and it is thought there has been a 
terrible loss of life. 

The Artisans* Classes at the Royal Victoria Hall will reopen 
on Monday, October 1. Among the subjects taught will be 


arithmetic, physiology, physiography, thorlhand, cbeoilstry 
astronomy, mechanics, machine drawing, and electricity. 'Many 
of the classes are in connection with the Science and Art 
Department. 

The additions to the Zoological Society’s Gardens during 
the past week include two Vulpine Phalangers {Pkalangisia 
vulpina ^ g ) from Australia, presented by Mr. J. M. Kirby ; a 
Suricate {Surica^a Utradactyla) from South Africa, presented by 
Lieut. Lionel de Latour Wells, R.N. ; a Common Teal (Qv/r- 
quedula crecca 9 ), British, presented by Mr. Bergman ; an 
European Pond Tortoise {Emys furo/aa), European, presented 
by Master William Reed ; a Kobben Island Snake (Cotwu/la 
phocaintm) from South Africa, presented by the Rev. G. H. R. 
Fisk, C.M.Z.S. ; an Ourang-outang {Simia satyrm 9 ) from 
Borneo, a Ruffed Lemur {Lemur var^us) from Madagascar, a 
Larger Hill Mynah {Gtacala intermedia) from India, two - — 

Tree Ducks {Dmdroey^na ) from the Celebes? deposited 

a Capuchin {Cedus V ) from Brazil, two Brush-tailed 

Kangaroos {Pe/to^/e pcnicillata d C ) from Australia, pur- 
chased ; a Chinese Goose {Anser cy^oides 5^ ) from China, 
received in exchange. 

OUR ASTRONOMICAL COLUMN 

Comet 1888 (Barnard). — The cornel discovered by Bar- 
nard on September 2 is increasing in brightness, but is still a 
faint object. M. Bigourdan describes it on September 5 as 
showing a round nebulosity from 1' to i''5 in diameter, with a 
fairly stellar nucleus, of magnitude ii^ or 12. The nebulosity 
was not quite symmetrical with regard to the nucleus, but was 
most developed in the direction of position-angle 20“. The fol- 
lowing elements are by Dr, A. Berberich from observations 
madeatStrassburg, September 4 aud 8, and Dresden, September 13. 
{Astf\ Nath.f No. 2858) : — 

T = 1889 January 29*0959, Berlin M.T. 

» =: 341 43 2/9 ) 

= 358 6 20-8 [' Mean Eq. 1888*0. 

I = iW) 20 28*2 ) 
log (J = o 252291 

Error of middle place (O - C). AX =* - 2" ; AJ8 = o". 

Ep/u'ffieris for Berlin Midnight, 


1686. 

R A. 
h. m. 

Docl. 

5377N.. 

883-4 

Log r. 

Log A. 

BHght- 

oesi. 

Sept. 30 ... 
Oct. 2 ... 

6 40 I ... 

637 54 ... 

• 0'3694 

. 0 3326 . 

.. 2*27 

4 

6 ... 

! 35 33 ... 

6 32 56 ... 

8 8-4 . 

7 52-6 

• 0 3637 • 

. 0*3081 . 

.. 2-59 

8 ... 
10 ... 

6 30 2 ... 
62648 .. 

7 35 9 - 

7 18-2 

. 0-3580 .. 

.. 0*2822 . 

.. 3-00 

12 ... 

623 14... 

6 59-5 N. 

• o- 35'»3 

. 0 2550 . 

.. 3*51 


The brightness on September 2 has been taken as unity. 

Prof. Knteger has deduced very similar elements to the above, 
using an observation made at Hamburg on September 13 instead 
of that made at Dresden, 


Comets Brooks and Faye.— The following cphemeridei for 
these two comets are in continuation of those given in Nature 
for September 20 (p. 503), and are by Dr. H. KreuU : — 


Comet 1888 £ (Brooks). ! 

18BS. R A. Deck < 

^mee 

Sept. 30 . 

h. m. I. 

0 / 

h. m. B. 

0 ' 

■ >S 30 41 . 

. 14 47*4 N. 

7 6 24 ... 

14 3 ^^- 

Oct. 2 . 

• 15 37 *5 • 

. 13 28*2 

7 10 19 ... 

13 4 < 

4 . 

• «5 43 35 . 

. 12 11*6 

7 14 « ... 

13 *? 

6 , 

• 15 49 4 * - 

. 10 57*6 

7 17 $i ... 

12 56 

8 . 

'1 55 35 . 

. 946 3 

7 21 »9 ... 

IS 33 

10 . 

.16 I 16 , 

- ** 37 7 

7 as 0 ... 

IS 10 

12 . 

.16 6 46 . 

• 7 317 

7 38 H - 

II 47 

14 . 

. 16 12 6 . 

. 6 28*2 

7 3 * 43 ... 

II *3 „ 

16 . 

. 16 17 18 . 

S 271 N. 

7 34 5 S 

to-SSM. 


Comet Brooks is slowly decreoaitlg in btlghtneiB, bat GbaMt. 
Faye is brightening. 
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ASTRONOmCAL PHENOMENA FOR THE 
WEEK 1888 SEPTEMBER jp-OCTOBER 6 . 

/pOR the rwlioaiog of time the civil dejr, commeocing at 
' Greenwich mean midnight, counting the honn on to 24, 
i« here employed.) 


At GntnwkA Stfiember 30 

Sua rises. 6h. ifo. ; souths, iih. 49m. 46'2s. i sets. 17K. 38m. : 
^btasc. on meridian, ish. 28*401. ; dec!. 3‘*4'S. Sidereal 
Time at Sunset, i8h. tSm, 

Moon (New on Oc,tober 5, ijh.) riwes. 23h. 22m*; souths, 
7h. 30m. ; sets, ish. 32m. : right asc. on meridian. 8h. 8'om. : 
doch 20* 22" N. 

Planst, Rises. 

h. m, 

Mercury., 8 25 

Venus 8 5 

Mars 12 20 

Jupiter.... ri ii 
Saturn..., 1 10 
Uranus ... 6 53 
Neptune.. 19 37* 

* Indicates that the rislnK that of the preceding evening. 

Occuliaiton of Planet anil Star 6y the Moon (visible at Greenwich). 

Correap 


Souths. 

Sett. 

Right etc. and deeUnatlon 
on meridian. 

h. m. 

b. m. 

h. m. 

0 * 

13 *6 . 

. 18 7 . 

• ■ >3 55 2 • 

.14 2 s. 

13 *2 ■ 

. iS 10 . 

. 19 58 

. (3 50*4 . 

. 10 55 S. 

16 9 . 

. 16 47 *9 . 

.24 1 S. 

IS 25 .. 

• 19 39 - 

. 16 4'i .. 

. 20 It s. 

8 41 

. 16 12 

. 9 19*2 .. 

. 16 28 N. 

12 25 

• 17 57 

. *3 3’6 .. 

. 6 7S. 

3 24 .. 

II 11 .. 

. 4 17 .. 

. 18 56 N. 


Oct. 

Star 

Mag 



angles trom v«r. 

Diaap. 

Reap, 

tex to right foi 
inverted image. 

I .. 

. Saturn 

— 

h. m. 

• 15 59 ‘ 

h. m. 

. 16 49 

... no 288 

3 •• 
Oa. 

. / Leon is ... 

h. 

..V 5 .V 

.30.. 

. 3 52 

... 55 199 


I ... IS ... Saturn in conjunction with and o* 55' south 
of the Moon. 

Variabli Stars, 

Star. 

U Cephei ... 

S Arietis 

Algol 

K Persei ... 

COeminorum 
K Cancri ... 

S Urs£e Majoris 
U Ophiuchi... 

W Sagittarii 

8 Lyr« 

R Lyr» 

S Ss^ttse ... 

T Vul^culae 

Y Cygni ... 

9 Cephei 

M$ignifiA$ fflAJEtmnm ; m mlnimutn ; w, ucpndary imnimum. 

Mii0a9>SMow0rs. 

R*A* Dsd. 

75 •** 4^ N. ... Swift ; streaks. 

October 2 . 

225 ... 5»N, ... Bright; Blow. 

Outober 2. 


R.A. 
h. m. 

Deck 

.. si 16 N. 

h. 

ni. 

0 52-4 

... Oct. I, 4 

13 W 

1 58*6 . 

..II 59 N. , 

17 6, 3 52 « 

II 4* A/ 

3 0*9 . 

.. 40 3 « N. . 

n 2, 4 

20 m 

3 22*9 

.. 3 S 17 N. . 

»♦ 5 » I 

. , Sepl. 30, 

8 m 
M 

6 57*5 

.. 20 44 N. . 

.. Oct. 4. 4 

oM 

8 104 .. 

.. 12 4N. . 

» j 2, 

M 

12 391 „ 

.. 61 42 N. , 

II 

m 

(7 10*9 ,. 

. I 20 N, . 

.. Sept, 30, 21 

20 m 

17 57*9 .. 

. 89 35 S. . 

Oct. 5, 22 
.. Sept. 30, ig 

6 m 

0 m 

18 46*0 .. 

. 33 >4 N. . 

.. Oct, 3, 19 

0 e/j 

18 SI -9 .. 

. 43 48 N. . 

•• i» 3 » 

m 

19 So-9 ■■ 

. 16 20 N. 

. Sept. 30, 21 

0 M 

in 39-0 

. 35 n N. .. 

. Oct. 3, 5 

0 M 

20 467 .. 

. 2 j SO N, .. 

*11 3 i 5 

0 M 

20 47 *6 .. 

. 34 >4 N. 

• fi 2 i 3 

0 m 

22 25-0 .. 

. S7 S« N. .. 

fi 5* 3 

Sept. 30, 21 

0 m 

0 m 


Near 11 Aurigoe 


GEOGRAPHICAL NOTES. 

UWTa WifSHANK. who is to commaM thaGetman Emin 
P^a has already do^ muah amlletit work 10 

Alii^ whi^ he rwived one of the of the Royal 

Society a few months In hfe Hands the 
tefewis ef aoiance are sure to bo attended tOv The Exi^ition 
ol two contingents, which will pioceed through 




German East Africa by the south shore of Victoria Nyanra to 
the iwion between that lake and the Albert Nyanza. That the 
Expedition is sure to meet with difficulties U evident from the 
telegrams ybidi are almost daily appearing from Berlin and 
from Zanzibar. The whole coast region is rising against the 
Germans, and it is to be feared that Lieut. Wissmonn will have 
to proceed though a practically hostile country all the way to 
Wadelai. It is a pity that in the matter of Emin Pasha, which 
interests alt Europe, Germany and England could not work 
hand in hand. 

The new American Geographical Society recently founded at 
WashingtoD, and including tlie most eminent geologists and 
geographers of the United States, has already held several meet- 
ings. and begun work in earnest. It has been resolved that the 
Society will undertake the task of bringing out a new physical 
atlas of the United States, and for this purpose it has appointed 
a c immittec of specialists to proceed with the undertaking. 

It is to be regretted that Dr. Meyer’s Expedition to Kiliman- 
jaro has met with opposition in traversing Usambara, and has 
been compelled to return to the coast. Dr. Meyer, who was 
accompanied by Leoz’s former companion, Dr. Baumann, 
intended to make a thorough survey of the whole region around 
Kilimanjaro, which, it will he remembered, he recently scaled 
to within a few hundred feet of the summit. The Chief Semhoja, 
who is reported to have attacked the Expedition, has hitherto 
been on friendly terms with the whites. He is a great friend of 
the missionaries of the Church Missionary Society, and Mr. H. 
H. Johnston, in his book on Kilimanjaro, speaks in highly 
favourable terms of him, and was indeed indebted to him for 
many friendly services. It is to be feared, therefore, that the 
Germ ins have shown some want of tact in dealin<; with the 
Usambara peop’e. It is to be hoped that Dr. Meyer may be 
able to resume his journey, and carry out the objects of his 
expedition . 

The last number of the Isvestia of the Russian Geographical 
S .cicly will be welcome to geographers, as it contains a chapter 
from the work of Przevalsky, now in print, about his fourth 
journey to Central Asia. All discoveries made during that 
journey are summed up in this chapter, and the relations of the 
mountain ridges, mapped by the Russian traveller to other hilly 
tracts, formerly known, or explored by Mr. Carey, are shown. We 
hope that this cliapter, the chief one of the whole work, will 
soon be translated into English. After giving a general sketch of 
the Kuen lun Mountains, M. Przevalsky describes his journey 
along the Zaison-sahu River, the ridges of Tsaidam, “ Columbus” 
and “.Moscow," the Lake Unfreezing, Pizevalsky’s ridge, and the 
** Windy Valley,” which offers an advantageous route to China ; 
as also the return journey, the excursion to the Khatyn zin 
River, the pas- age across the Altyn-tagh, and the return lo^Lake 
Lob- nor. The forty pages covered by the article arc a' rich 
mine of geographical information. The same number of the 
/zzwtla contains an abstract from A. D. Carey’s “ Journey to 
East Turkisun," with a map. 

The remarkable facts communicated by M. Yadrintseff 
■H to the drying up of lakes in Siberia have induced the 
Russian Geograimical Society to take decisive steps for the 
exploration of the lakes of the Empire. A great number of 
'fcopies of an instruction by Dr. Forel, of Lausanne, have been 
sent out to correspondents of the Society, as also a programme 
for collecting data on the subject, and it is hoped that in a year 
or two most valuable data will thus be gathered. 

In the last number of Petirmann*s AfitteiluHften^ Herr J. 
Menges raiMs once more the question of the possibility of utiliz- 
ing ihe African elephant. Herr Menges points out that there 
is strong evidence that the elephant was made use of in ancient 
times in Africa, and asserts that no serious attempt has been 
made in modem rimes to subdue it to the uses of humanity. He 
maintains that it is quite as docile as the Indian elephant, and 
tnuch str<mger, and that if it could be really tamed and trained 
to work, if would be of immense utility in the opening up of 
Africa. But, unless some protection is accorded to the African 
elephant, Herr Manges believes that by the end of next century 
it will be <Wit« extinct. We are therefore glad to notice that 
the British East African Company will take special means for 
(he protection of the anzmal, and they might very well make 
some attempt to proee whether or not it is capable of being 
tamed. 
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NOTES ON METEOS/TESy^ 
tit 

ToBNTtTv or OjtiGiiir or MKTsaBiTK8« Ltrauxau^ 

MSTEORSt AND FALLING STARS. 

TT w wry fortunyte for tdentt that many of the mfiterrfici lo 
^ oare/hny pre w rcd in onr muaetmis Astk seen te fsU, 
This being so we po&sess full accounts of the oaceompanyhig 
phenomena and effects. 

The^ comprise the most vivid luminosity ; visible and aadible 
ex)^a«ionst in some cases heard over thousands of square 
fnii«a of country, and at times a long train in the sky indicating 
the meteor which sometimes remains visible for hours. 

Now precisely similar effects have been noted when nothing 
has Macned the earth^s surface ; and in the thousands of records 
of the phenomena presented by luminous meteors, fire-balls, 
bolides, or shooting or falling stars as the^ have been variously 
oalled, we have the links which connect in the most complete 
manner the falls of actual irons and stones from heaven with the 
tiniest trail of a shooting or falling star, une MU qui ftUy ^qui 
fihi et dUparaif. 

The heavy mas'es fall by virtue of their substance resisting the 
friction of the air, the grains are at once burnt up and fill the 
upper regions of the earth’s atmosphere with meteoric dust. 

As we have seen, the weights of meteorites which have actu- 
ally fallen vary between many tons and a few ounces, the latter 
being, in all probability, fragments shattered by the explosion. 
Jn the case of some shooting-stars, tlie acmal weight involved 
has been estimated by Prof. Herschcl as low os iwo f^vains^ not 
one out of twenty estimated by him exceeding a pound. 

ft may appear impossible that such atoms should produce the 
brilliant effects observed, but Prof. Herschcl has calculated that 
^ ringle grain iii">ving at the rale of 30 miles a second represents 
a dynamical energy of 55,675 foot-pounds. This energy is con- 
verted by the resistance of our grosser air into heaf, as the motion 
of a projectile i^ converted into heat by iis impact on the target ;* 
:and hence the combustion of the matter of the meteorite, and 
perhaps even the incandescence of the air throi^h which it 
rushes with such lightning velocity. This luminosity com- 
mences often at a height of 80 miles, and sometimes even 
higher, in regions where the atmosphere must be excessively 
rare. 

Could these little bodies pierce our envelope as readily as do 
their larger cousins, the meteoric stones and lne^eo^ic iron^, we 
should certainly have the advantage of placing them in our I 
nwiseums ; but, on the other hand, the bombardment — the fen- I 
tie del — might be one to which the fen-iVenfer of aH terrestrial 
artillery would J>e, in the gross total of results, as mere child’s 

^ut the identity of such phenomena as these is by no means 
the only line of evidence demonsiratrag the coooection now in 
question. 1 

yv^xj/ from the Chemishy of Fire-balls, 

The fipcctral appearances observed with meCeoci, fire-balls, 
and shoot in jj-stars, which explode and produce luminous effects, 
entirely in harmony with those observations on the spectra of 
meteorites to which I have referred. 

The observations, $0 for as they have gone, have given decsiled 
iodfeatfons of magnesium, sodium, Jirhium, potassintB, and of 
^hp carbon fiutfngs seen in comets. 

Prof. Merschor and Herr Kontrolyhave both noticed that In 
the generality of cases the lines of magnesium (one of the 
•constituents of the olivine) show themselves first in the or- 
-dinary meteor or falling star, and the beautiful green light which 
is so often as-QCuUed with these foiling bodt^ is ^ to the 
incandescence of the vapour of ma^esium* 

The following quoUUoQS from ^nkaly aod Prof. Herschcl 
Are among the authorities which may be cited for the above 
stalement : — 

** On August la, 13, and X4 1 observed a mimher of meteors 
wfoh thq spectroscope ; amongst others, on the tathi a yellow 
dfm-hiUl wtth « fine train, whii^ came directly from the Peneid 
redfonrt* la thf head of this mfZeor the lines of rithium were 
cfonrly seen by ude of the sodium line. Oq August ri, at 
loh, los., I observed in the nonh-cad a magnificem fire* 

** C oi h i usd Iraoi 4|A 

" pSftWw oJ erwia a tsege aftor inp^ wUth is 

lienUdbyafitwb of Ug^aietmUy^u^t to a dark Mae eelovr. wliich 
wauld oowpfttid to ab^f 555 bet tne raom^titory ham fmmMM fo 
•ceoainly errater than this. 
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ball of emerald^een colour, os bright as Jupiter, with a yeiy 
slow motion, The mieteus at the firat monie«it sbbimi 'a 
very bright continuous Kpeetnim with the aodium line 4 bdt a 
second after I perceived the magnesium Une, and I think I app 
not mistaken in saying those of eoj^r also. Besides that, the 
spectrum showed two eery feint red finefl.’* ^ 

“ A few of the green * Leonid ' streaks were notic ed in No 
vember (1886) to be, to all appearances, monochromatic, or quite 
undispersed by vision through the refracting prisms ; from which 
we may at least very probably iufer (by later discoveries with 
the meteor-spectroscope) that the prominent green line cd mag- 
nesium forms the principal constituent element of their greenish 
light.’** 

Again, later on in the same letter, Prof. Herschcl mentions 
Konkoly's observation of the bright b line of mamesium, in 
addition to the yellow sodium Une, in a meteor on July 26, 1873. 
I again quote from Prof. Herschcl : — 

“ On the morning of October 13 in the same year, Herr von 
Konkoly again observed with Browning’s meteor-spectroscope 
the long-enduring streak of a large fire-ball, which was visible to 
the north-east of O’Gyalla. It exhibited the yellow sodium line 
and the green Une of magnesium very finely, besides other 
spectral lines in the red and green. Examining these latter 
lines closely with a star-spectroscope attached to an equatorial 
telescope, Herr von Konkoly succeeded in identifying them 
by direct comparison with the lines in an electric Geissler-tube 
of marsh -gas. They were visible in the star-spectroscope for 
eleven minutes, after which the sodium and magnesium linets 
still continued to be very brightly observable thiough the 
meteor spectroscope. ’ * 

An ither scries of observations ■* gives continuous spectra for 
the nucleus, and two trains with sodium, and a third with 
sodium and a predominant green hand, which u as doubileas b of 
magnesium, ihe meteor itbclf being of emerald green colour. 

In cases where the temperature has been hi^mer, the bright 
line spectrum of iron has been associated with the bright lines 
of magnesium in the spectrum of the falling star, si that the 
two fiuostances which .ire among the chief constiiuenis of atones 
and irons— precisely the two auNianccs which we should expect 
to find— arc aclually those which have been observed. 

The two lines which Konkoly supposes are probably due to 
copper will, I expect, be found to be iron lines when other 
ubservatiups arc made of the spectra of meteors. 

These .sped raj appearances are naturally Bs«ociated' with 
colours, and again w'e find that the colours of the trail, when 
meteorites have fallen, closely resemble ih >se observed when no 
fall has been observed. 

Gteen is a tolerably common colour, especially in slow-moving 
fire-balls about equal to Venus in lustre, 'rhese generally leave 
a short trail of red sparks. 

About 10 per cent, of all ahooting-stars show a distinct 
colour, ihc most usual being orange or red, the slowly-moving 
ones generally being red. The larger ones, or those with the 
longest IraiU, often turn from orange to bluish while, like bunt- 
ing magnesium. Sometimes the change is very sudden and 
startling.* 

A purple or mauve tint, like that given by copper, is sonietimes 
seen. 

Proof from the Aurora. 


When we come to consider the number of meteorites which 
fall upon the earth daily we shall find that it is enormous t tad 
t^nis being so, if we Can trace this dust in the air, or after it has 
fallen, or both, if chemical examination shows it to be identical 
with that of meteorites, we shall be supplied with another 
argument which can be used in support of the fact that the 
Domes which produce the dust are meteoric in their origim 
One must suppose that these meteors in their passage tbmgh 
tlie aif break into numerous fragments, that incandescent 
particles of their constituents, inchidmg nickel, iron, mangmiese, 
and the various silicates of iron, ore thrown on, and that these or 
the prefects of their combustion eventually (all to the siuface as 
almost impalpable dust, among which most bemagnettc of 
irw more or ten completely fused. The luminous traiiU of 
fauiim stars are pcdbably due to combustioii of these ioow- 
tMrable prudes, resetnhling the sparks which fty froma taaboii 
of iron burnt in oatygen, or the parOeles ojt (he uxmj^ts^ j 

s “ATyaiL voL adit. JL 107. 

J ^e^My JVoftcee. vbl. xxiufi, ji. 575. 

S Oat^er^ Mentkiy xl. p. 1^3 ; , , , 
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tit rawfn off when ttrlktn^ a flint. It ii> known that such particles 
jA tipnlng iitke a iphencal form^ Ahd ate stintMinM by % Uycr 
m mck mii|^ettc oxids. 

How are we to trace this doitt im the »tr ? It is well known 
times the air is eleetric^ly ithnninatcd, not only by the 
RAChM of lightning which pass along Us lower levefa^ but by 
sofCailed ‘‘aurorar' disf^jiys in Ub hlg^r reaches. 

It is now many years since the idea was first thrown out that 
weaturota was in some way connected with ^aootitig-stars. 

*eMer has prepared a oatalogne of aurorae observed from 
iSoD to 1577 , in which he shows an apparent connection between 
the brightest displays and the appearance of large numbers of 
' uiootiitf^Btars. 

M4 J^za noted the same connection on November 27, 
1872, and remarked that he had noticed it before. 

, AVrangel, <}iiot«d by Humboldt, observed that in 

■ the auroras so comtantly seen tm me Siberian coast, the passage i 
of a meteor never failed to extend the liunioosity to parts of the i 
. sky previously dark. ’ 

It is clear that in such a case as this the spectroecope is the i 
only chemical aid applicable, and it baa long been recognized I 
that the spectrum observed is ttof the spectrum of the con- 
atiluents of the atmosphere, as we can study it in our 
laboratories. 

The spectrum, however, strictly resembles (hat seen in the [ 
"glows,” to which reference has been made ; if the factors 
present in both cases are meteor dust, low pressure, and feeble ] 
elecin'c currents, the resulting phenomena should not be dis^ ’ 
simUar. 1 

Ihe results of recent inquiries certainly justify us, therefore, j 
lu cone lulling that the upper reaches of the atmosphere contain j 


particles givbg u« the spectra of magnesium, manganese, iron;^ 
and carb^ 

The ttatnrid otMn is the dust of those bodies which are oon^ 
tinually entering those regions, and hence the proof afforded by the 
speetrosebpic observation of shooting-stars, that they ate ddentkal 
m chemical composition with meteorites, is strengthened by these- 
miroml observiHians, while, on the other hand, the origin of 
auroral s}>ectrum is placed ^yond all doubt. 

from ihe Faikn Dust. 

It is unlvers^ly recognized that the atmosphere holds in 
suspension an immense number of veiy minute particles of 
organic and inorganic origin. These must be diner dust taken 
up by aerial currents from the ground — the iciult of voicanic 
action— or extraterrestrial bodies, Ma^ scientinc men, among 
whom we may mention Khrenberg, Daubree, Reichenbach, 
Nordenskjdld, Tissanclicr, Murray, and Renard, have studied 
thin problem. Dust collected in various places at rliiferent times 
has been examined with a view of deteiminiDg wheiher its or^in 
vfOH meteoric. In many cases, in which chiefly definite iron 
chofldtoi have been ob^rved, the evidence has seemed very 
stronp; in favour of the view. 

It IS at once obvious that the detection of such dust which 
falls on the general surface of the land is hopeless, and (hot that 
which is collected on snow in inhabited countries coataining 
foundries and the like is doubtful. 

But a considerable advance of this question has recently been> 
made in studying the deep-sea deposits collected by the 
ChnthHger Rxf^ition. Messrs. Murray and Kcnard,' in giving 
the resuiu of theu: researches, point out that at the greatest 



Fici. 3.— S«ctlun of cccan showing red clays at depths of 3000 fathoms (x6,ooo feet). 


d|^ths of the ocean furthest from land, the sea bottom is very 
dineient from that nearer the coast lines. 

Under these necessary conditions of exceeding slow deposition 
and absence from ordinal y sources of coniamination, it is clear i 
that the problem can be attacked under the best conditions. j 
-We read : — " The considerable distance from land at which ■ 
we find cosmic parlicles in grcalcRl abundance in deep-sea ! 
deposits, eliminates at once objections which might be laised 
with respect to metallic particles found in the neighbourhood of 
iohabited countries. On the other hand, the form and character 
of the spherules of extra-terrestrial origin arc essentially difierent 
from those collected near nianu/acturing centres. These mag- 
rwtic spherules have never elungaled necks or a cracked surface, 
like tho?e derived from furnaces, with which we have carefully 
compared them. Neither are the magnetic spherules with a 
metallic centre comparable either in their form or structure to 
thbse particles of native iron which have been described in the 
eruptive rocks, especUHy in the basaltic rocks of the north of 
Irettnd, of Iceland, 8cc. ^ 

, Messrs. Muiray and Renard then state on what they rely in 
of their view that many of the particles thus obtained 
from great depths are of cosmic origia 

*Ir we plunge a magnet into an oceanic deposit, especially 


red eli^y from the central paits of the Racifi^ we extract par- 
Udtto, some of which are magneti e from vfdcanie rocks, and (o 
' lattera are often attached; others again wt 

d dilfer in moat of their pmperfies irom the 
■ are wnerally ronndt mwuihag haidly oa mm., 
I snudler, their surfime is qisUe covered with a 


wWeh vhrtotts mattera are often attached; others again wt 
auik isolated, and dlRer in most of their pmperfies irntn 

Thelatter are generally ronndt moaaiuhag haidly 

iy they are , „ 

niiUit black coating, havftig all the properties a/ mwoetic 
oalde oriron; often there ma. *^ — ' ' 

.dt^asions tslmly marked, . 

th eh tga^e mortar, the britliant 

and tevenb whhe or gray metallic malkoitdeeKiG^ erhidi may 
^ Cosmos '* (Ott^ vqI, L p. I u. 


he beaten out by the pestle into thin lamellui. This metallic 
centre, when treated with an acidulated solution of sulphate of 
copper, immediately assumes a coppery coat, thus showing that 
it consists of native iron. But there are some malleable metallic 
nuclei extracted from the spherules which do not give this 
reaction, they do not take the copper coating. Chemical' 





Fio. 4. Fio, 5, 

Fw. 4.'— W*ck spherule with metallic nudeusi (€0: i). Thi# spherule, 
ovvored with a. aoiuiu oif bUck shiiung magiwtjte, rcprnwnts tSe ntDst 
freqMUt ahap^- The aepniui.Qn here shown i* o&en toimd at ihe sUBhcc 
of theie enheoadet. Tram 3^75 futhomB, South Pacific. 

Fig. 5.-7bl«ck epkevule with metallic nudeue (60 : 1). The bUck exteroah 
ooadef of mapwtk oxide ha« been broken away to tirhow the men^ic 
cwwn^jeprHttratod by the dear part at the centre. From 3*i.o faihomv 

reaction sbosra ^at they oomain cobalt and nickel ; very prob- 
ably they ooiMtitwte an alloy of iron and these two metals, «*cb 
as is often fimnd in meteorites^ and whose presence in Iwgt 
qucmtifiira hWnrsrthiepvoducttoii of the coppery coating on the 
iron. (#. Rose has shown that this coating of black oxide of 

‘ Mlcraecfpic Characters of Vgkatiic Ashes and Cosaeic Dust 

rind tlMr -thStribotldU In Deepwra Depodti/* P«c, R.S.K., anJ KfATUiia,. 
vM* KxU. p, fSs* 
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iron found on the peripheiy of meteorites of native iron, and 
its presexice is readily understood when we admit their cosmic 
origin. Indeed these meteoric particles of native iron, in their 
transit through the air, must undergo combustion, and, like 
small portions of iron from a smith's anvil, be transformed 
either entirely or at the surface only into magnetic oxide, and 
in this latter case the nucleus U protected from further oxidation 
by the coating uftiich thus covers it.'* 

We are next shown that these metallic chondroi occur with stony 
chon^oi, 50 that if the interpretation of a cosmic origin for the 
mo^etic spherules with a metallic centre be not considered 
e$»lUbed in a manner absolutely beyond qucstiim, it almost 
becomes so when we take into account their association with the 
silicate spherules, never found in rocks of a terrestrial origin. 
These are thus described : — 

Among the fragments attracted by the mapiet in deep-sea 
deposits we distinguish gtanules slightly larger than the spherules 
with the shining olack coating sibove described. These arc 
yellowish- brown, with a bronze-like lustre, and under the micro- 
scope it is noticed that the surf&^Ct instead of being quite 
smooth, is grooved by thin lamellae. In size they never exceed 
a mUlimetre, generally they arc about 0*5 millimetre in diameter ; 
they are never perfect spheres, as in the case of the black 
spherules with a metallic centre ; and sometimes a depression 
more or less marked is to be observed in the periphery. When 
examined by the microscope, we observe that the lamellae which 
compose them are applied the one against the other, and have 
a radial eccentric disposition. It is the leafy rulial structure 
like that of the ekondres of bronzite, which pre- 
dominates in our preparations. We have observed much less 
rarely the serial structure of the chondns with olivine, and 
indeed there is some doubt about the indications of this lacit 
type of structure. Fig. 6 shows the characters and texture of 
one • of these spherules magnihed twenty- 6 ve diameters." 



Fig. 6. — Choadroa S()heruU of broniite (35 : i) from 3500 fathoms in the 
Central South Pacific, showing many of the peculiarities belonging to 
chondrts of bronxite or ensutlte. 

It is worthy of remark that, aasociated with these chondroi in 
the red muds at the greatest depths in the ocean, are found 
manganese nodules tn enormous numbers If a section be made 
of one of these, a number of concentric layers will be observed 
arranged around a central nucleus— the same as in a urinary 
cakulus. When the peroxide of manganese is removed by 
strtmg hydrochloric acid, there remains a clayey ^keleton which 
still more strongly resembles a urinary calculus, according to 
Mr. Murray. 

This skeleton contains crystals of olivine, quartz, augite, mag- 
netite, or any other materials which were contained in the clay 
from which the nodule was taken. In the process of Us deposi- 
tion around a nucleus, the peroxide of manganese has inclosed 
and incorporated in the nodule the clay and crystals and other 
materials in >iyhich the nucleus was embedd<d. The clayey 
skeleton thus varies with the clay or ooze in which it was formed. 
Those from a fine clay usually adhere well together { those from 
a globimrina ooze have an areolar appearance ; those from a 
clay with many fine sandy particles usually fall to pieces. Mr. 
Murray attributes the origin of these nodules entirely to the 
decomposition of volcanic rocks : — 

**' Wherever we have pumice containing much magnetite, 
olivine, augite, or hornblende, and these appatemly undergoing 
decumpoeiuon and alteration, or where we have evidence, of 
great showers of volcanic ash, there we find the manganese in 
greatest abundance. This correspondence between the distribu- 


tion of the manganese and volcanic dSns appeaia to me very 
significant of the origin of the former. 1 regoM the muiganese, 
as we find it, as one of the secondary producu arising from the 
decomposition of volcanic minerals. 

** Manganese is os frequent as iron in lavas, being usually asso- 
ciated with it, though in very much smaller amount. In mag- 
netite and in some varieties of augite and hornblende the protoxide 
of iron is at times partially replied by that of manganese. 

" In the manganese of these minerals and in the carbonic acid 
and oxygen of ocean waters we have the requisite conditions for 
the decomposition of the minerals, the solution of the manganese, 
and its subsequent deposition as a {^roxide.” ^ 

These nodules have been examined in the same way os the 
meteoric dust. Naturally the chief manganese fluting (the chief 
auroral line) has been seen. 

The question arises, therefore, whether the origin of these 
deep-sea concretionary deposits of iron and manganese, which are 
unrepresented in any deep-aea geological deMsit, may not be in 
part, even if in small part, meteontic, and represent, like the 
chondroi, another form of fallen dust. 


Pt\wf Similar V^hcUUs, 

Again, the meteorites, os we have seen, enter our atmosphere 
with very different velocities. The same thing happens with 
falling stars, which on this account have been divided into three 
classes as follows : — 

Class I. Swift, streak-leaving meteors. 

II. Slow, with trains of sparks. 

III. Small, quick, short-paihed, sometimes with streaks. 

It has also been determined that the luminous effect which is 
common to the fall of a meteorite or the appearance of a shooting- 
star begins at about the same height. In fact, we have in 
meteorites, Urge fire-balls, and shooting-star<t, a progression both 
with regard to the height at which they become visible and the 
nearness to the earth at whidi their luminosity is extinguished. 

The actual determination of these heights was commenced by 
two Gottingen students— Brandes and Benzenberg— in 1798, at 
the suggestion of Chiadni, with the result that the upper reaches 
of the earth’s atmosphere were found to be pierced by bodies 
entering it with planetary velocities. 

Profs. Herschel and Newton were the first to discuss the 
data accumulated on this subject,* while, as early as 1864, Father 
Secchi made use of the electric telegraph in securing simultaneous 
observations.^ The results of the»e combined inquiries maybe 
thus shown in the case of shoo ting- stars 



Bflfrianiiig. 

Knd. 



Height m 
mnet. 

Hri^ht in 
miles. 

Authority. 

Europe and America, ) 

... 701 

54-3 

.. H. 

1798-1863 { 

- 73'S 

S06 . 

.. N. 

Italy, 1864 ... 

... 746 .. 

. 497 • 

.. S. 

Average 

... 7*7 

. Si‘S 



In Herschel’s values fire-balls are excluded, and hence the 
limits are narrower.** Fire-balls often arrive within 20 mites 
of the earth |s surface, and then the concussion is of nearly the 
same intensity whether stones fall or not. 

Such determinations as these, when the observations can be 
depended upon, can be made with the greatest nicety and by 
graphical methods. One of the earliest employed— a description 
of which will give a fair idea of the investigation — is due to 
Colonel Laussedat.** 

The observations stating the path of each meteor among the 
stars having been obtained, a 1 2-inch celestial globe is ** recti- 
fied " in the usual manner for the place and time. Tn this 
we get first the azimuth and altitude of the beginning and end 
of each trail. This is done for each place at which the same 
meteor is observed. 

The results ore then plotted on a large-scale map, on which the 
altitudes and longitudes of the places of observation and the 
distances between them can be aetermined. The stutle of tl« 
map permits the height of the intersection of the lines of sight to 
beat once found, and the agreement or disagreement of the oh^er- 
yatiom can be noticed, thus allowing the worst observatioiis to 
be rejected. 


. wumv, « aturr^ voU XV. p. 340. 

3 Bull voUilli, £7 

* Mtttiikfy vt»i. XXV. p. |»t 

5 Compit* vol, tviii.j^ 1864: 
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By taking such obtetvationa aa these in different places St is 
possible not only to determine the height at which they enter but 
the velocity with which they pass through the upper regions of 
the sir, even sap^roaing they do not evemualty get to the Dottom. 
The lowest velocity determined up to the present time is some- 
thipg like 3 miles ner second ; the maicimum is someihing like 
50 miles a second ; but we may say that the average rate of 
movement is 30 miles a second, which is at>Ottt x$o times faster 
than a shell leaving one of our most powerful guns. 

J. Norman Lockyer. 

{To be confintied*) 


THE ELECTRIC TRANSMISSION OF POiVER.'^ 

11 . 

next point to consider is the loss of power on the road 
between tne dynamo at the one end and the motor at the other. 
This problem was perhaps seriously attacked for the first time in 
the discussion of a paper read by Messrs. Higgs and Brittle at 
the Institution of Civil Engineers in 1878, and that problem was 
considered in some detail theoretically and experimentally at the 
lecture 1 gave during the meeting of the British Association in 
Sheffield in the following year. It was then shown that, since 
the power developed by the generator and motor depended on 
the product of the current into the electric pressure, while the 
loss when power was transmitted through a given wire depended 
on the square of the current and was independent of the electric 
pessure, the economical transmission of power by electricity on a 
large scoJe depended on the use of a very large electric pressure and 
a small current, just as the economic transmission of much power 
by water depended on the use of a very large water pressure and a 
smalt flow of water. At lliat time it was not thought possible 
to construct a small dynamo to develop a very large electric 
pressure, or potential difference as it is technically called, and 
therefore it was proposed to Join up many dynamos in series at 
the one end and many lamps or electromotors in series at the 
other, and to transmit the power by a very small current, which 
passed through all the dynamos and alt the lamps in succession, 
one after the other. 

You have an example to-night of the realization of this 
principle in the fifteen arc lamps that are all in series outside 
this Drill Hall, and are worked with a small current of only 6‘8 
aro^res, as indicated in the wall diagram ; and a further example 
in the thirty arc lamps at the Bath Flower Show, which are also 
all worked in series with the small cuirent passing through 
them ; but it is known now how to produce a large potential 
difference with a single dynamo, so that a single Thomson- 
Houston dynamo belonging to Messrs. Laing, Wharton, and 
Down supplies the current for each of the two circuits. 

The electric pressure, or potential difference, between the 
terminals of any arc lamp is not high, but it is between the main 
wires near the dynamo as well as between these wires and the 
ground. How far does this lead to the risk of sparks or un- 
pleasant shocks ? That is a point that can be looked at in a 
variety of ways. First, there is the American view of the matter, 
which consists in pointing out to people exactly what the danger 
is, if there be any, and training them to look out for themselves : 
let ordinary railway trains, say the Americans, run through the 
streets, and let horses learn to respect the warning bell. Next, 
there is the semi-paternal English sy-tem, whiA, cripples all 
attempts at street mechanical locomotion, because we are con- 
servative in our use of horses, and horses are conservative in 
their way of looking at horseless tramcars. Lastly, there is the 
foreign ^teinal system, which, carried to its limit, would pro- 
hibit the eating of dinners because so ne people have at some 
time dmked themselves, and would render going to bed a penal 
offence because it is in l*ed that most people have died. 


We laugh a good deal at the rough-and-ready manner adopted 
on the other side of the Atlantic. The Americans, no doubt, 
are very ignorant of the difffoulties that pioperly-minded people 
would meet with, but it is a blissful ignorance where it is folly 
to be wise. Every Engli^ eiectrioian who has travelled in 
Ainerioa comes back fully impressed with their enterprise and 
their happy-go-lucky success. They have twenty-two electric 
tramways^ carrying aome 4,000,000 paaseogers annually, to our 
four dectric tramways at Portrush, Biaekpool, Brighton, and 
Bekdwook. Why, New York city afOOe, Mn Kechenxaua tells 
aBe> poweisea ^ miles of ordinary tramway track, and Phila- 
ddphia 4|o ndleit so there is more tramway Une m these two 


cities than in the whole of United Kingdom put together. 
Now there woutd be no difficulty in proving, to anyone un- 
familiar with railway travelling, that to go at 50 miles an hour 
round a curve with only a bit of iron between him and eternity 
would be far too risky to be even contemplated. And yet we 
do go in express trains, and even 80 miles an hour is beginning 
to be consuiered not to put too great a demand on the mnds of 
life insurance companies. The American plan of basing a con- 
clusion on experience rather than on anticipations is not a bad 
one ; and if we follow that plan, then, taking into account that 
there arc 7 ((,000 arc lights alight every night on the Thomson- 
Houston high-potential circuits throughout the world, and the 
comparatively small number of people that have suffered in con- 
sequence (not a single person, I am assured, outside the com- 
panies' staffs) we are compelled to conclude that high potential 
now is what 30 miles an hour was half a century ago — uncanny 
rather than dangerous. 

But it is possible to use a vety large potential difference 
between the main wires by means of which the electric power is 
economically conveyed a considerable distance, and transformed 
into a very small potential difference in the houses where it is 
utilized. An electric transformer is equivalent to a lever, or 
wheel and axle, or any other of the so-called mechanical powers. 
You know that a large weight moving through a small distance 
can raise a small weight through a large distance ; there is no 
gain in the amount of work, but only a transformation of the 
way in which the work is done. A large weight moving through 
a small distance is analogous with a high potential difference and 
a small current, while a small weixht moving through a large 
distance is analogous with a small potential difference, and a 
large current, and an electric transformer is for the purpose of 
effecting the transformation with as little loss as possible, so that 
what is lost in potential difference may, as far as possible, be all 
gained in current. 

Electrical transformation may be effected by (i) alternate 
current transformers, ( 3 ) motor-dynamos, (3) accumulators, or 
secondary batteries, (4) direct- current transformers, Of these 
apparatus, the eldest by far is the alternate- current transformer, 
as it is merely the development of the classical apparatus in- 
vented by Faraday in 1831, and familiar to many of you as the 
Kuhmkorff, or induction-coil. A combination of a motor and 
dynamo was suggested by Gramme in 1874. Accumulators are 
the outcome of Plante’s work, while direct-current transformers 
arc quite modem, and not yet out of the experimental stage. 

After studying the literature on this subject, it appears, as far 
as I have been able to judge, that the first definite proposal to 
use a high potential difference in the street mains, and transform 
down to a low potential difference in the houses, was made in 
the lecture given by me at the meeting of the British Associa- 
tion in Sheffield in 1879, on which occasion 1 explained and 
showed in action the motor- dynamo principle suggested by Prof. 
Perry and myself. The apparatus on the platform is not unlike 
that shown on the former occasion : an Immisch motor working at 
500 volts, and with a current of 6*8 amperes, is geared direct to a 
Victoria Brush dynamo giving five times that current, and we 
will now use this larger current to produce an electric fire. 
[Experiment shown.] Messrs. Paris and Scott have combined 
the motor and dynamo into one machine, which they have 
kindly lent me, and by means of which we are now transforming 
about 700 volts and 6 '8 amperes into loo volts and about 40 
amperes used to light that group of sunbeam incandescent lamps 
or work these motors. [Experiment shown. ] 

Lastly, here is a workingillustration of the double transform- 
ation proposed by MM. Deprez and Carpenlier in 1881, by 
means of which— while the potential difference between the 
mains may be lOQO or 10,000 volts, if you like— not merely is 
the potential difference In the house so low that you could hardly 
feel anything if you touched the wires, but, in addition, there 
is the same security against shocks in the dynamo-room. This 
altemate-ciiirrent ntacmiie is producing about 50 volts, which is 
transformed up to 3000 volts by means of this transformer. At 
the othet end of the platform, by means of a similar transformer, 
the 3000 volts is transformed down again to 50 volts, em- 

f tloyed to light that cluster of low-voltiwe incandescent lamps. 
Experiment shown/] For the use of this apparatus I am 
indebted to the kindness of the Anglo-American Bru^h Company. 

in this expmlment there is, os a matter of fact, still more trans- 
fontwefon thui that Z have yet mentioned, because, whereas in 
actual praetioe the alternate-current dynamo, as well as the small 
dymmio md to' prodace the current for magnetizing the electro- 
nUgaets in the alteriiate-curreat dynamo, would A worked by 
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« ateunx, gav, or water en^me, I am working them both by 
•eleetramotors, atnce a ateam>engiae or a water-wheel would be an 
nnsmtahle occupant of the Drill Halt. Practically, then, a 
eteam*engiae on the land belonjins to the Midland Railway 
'Company, on the other side of the Lower Bristol Road, Udriidn^ 
a Thomson' Houston dynamo; this is send ins a current 
working these high-voltage constaat^cun'cnt Immisch motors. 
The motors being^gearel with low -voltage dynamos the potential 
-difference is tranworm^d doivn, the first alternate-current troas- 
forjaer transforms it up again, and the second alternate-carrent 
transformer transforms it down again, so that there are in fact 
three transformations taking place in this expeninent on the 

F latibrm before you. For the benefit of the electricians present, 
may mention that the two motors are running in senes, and 
that their speed is kept constant by means of a centrifugal 
governor which automatically varies the number of the convoTu- 
tions of the field magnet that are being utilized at any moment. 

In fact, since the dynamo maintains the current constant that is 
assing through each motor, the function of the governor may 
e regarded as that of proportioning the potential difference 
■maintained at the terminals of either motor to the load on the 
motor at any moment. 

A va^t distri :t in London, extending from Regent’s Park on 
the north to the Thames on the south, from the Law Courts 
00 the east to Hyde Park on the we^t, has over 20,000 in- 
candescent lamps scattered over it all worked from the Grosvenor 
Gallery in Bond Street by meins of alternate-curreat trans- 
formers which convert the 20DO volts maintained between the 
■iitreet mains into loo volts in the houses, and this London 
lllectric Supply Company have arranged for a vast extension of 
this system to be worked from Deptford. 

In America, alternate-current transformers ore, due to the 
remarkable enterprise of Mr. Westinghouse, used to light 
120,000 incandescent lamps in sixty-eight towns. In fact the 
electric lighting of a whole town from a central station begins to 
excite less astonishment than the electric lighting of a single 
house did ten years ago. 

The efficiency of a well-made aUemate-current transformer is 
very high, being no less than 96*2 per cent, when the transformer 
Is doing its full work, and ^'5 per cent, when it is doing one- 
■quarter of its full work, according to the experiments made by 
our students. It cer.tainly does see n most remarkable, and it 
reflects the highest praise on the constructors of electrical 
machinery, that motive power can be converted into electrical 
■power, electrical power at low pressure into electrical power at 
high pressure, or electrical power at high pressure into electrical 
power at low > pressure, or, lastly, electrical power into motive 
power, in each case with an efficiency of not less than 94 per 
oent. 

As a farther illustration of the commercial importance of this 
electric transformation I will show yon some experiments on 
electric welding, one of the latest developments in electrical 
engineering. To weld a bar of iron one square inch in section 
requires a gigantic current of some 13,000 amperes. To convey 
this current even a few yards would b« attended with a great 
waste of power ; consequently, while an enormous current is 
pamd through the iron to be welded, only a comparatively small 
current is transmitted along the circuit from the dynamo to the 
welding apparatus. Mr. Fish, the representative of Prof, 
Elihu Thomson, of America, to whom this apparatus is duCf 
will be so kind as to first show us the welding together of two 
bars of square tool steel, the edge of each bar beinjj; ) of an inch, 
and the operation as you see, entirely completed in some 
fifteen seconds. For this experifnent an alternate current of 30 
amperes will be produced by the dynamo at the other side of , the 
Lower Bristol Road,. and this current will be converted by the 
transformer on the platform into one of 9000 amperesi large 
enough for 13,000 of these incandescent lamps if they were 
placid in parallel and the current divided among them- 
will next try welding some thicker bars, and lastly he propj9S^ ; 
welding together two pieces of aluminium which it is extremely 
•difficuU, if not impossiide, to weld in any other way, Tho bar4, 
as you see, are in each case pressed together end on, aa<L in 
consequence of the electric resistance o? the very smalt gafi< 
between the bars being mudi Higher than that of ths bars 
themselves, the current makes the ends of the bars plastic iotig 
before it even warms the whole bar, so that I con, as you see, 
hold the bar at a distance of three or four inches from where 
the weld has been made without experiencing any marked sense 
of warmth. The heat is, in fact, applied exactly where, we 
require It, the temperature cw he trusted with the greatest 


nicety so qs not to bum the steel, and the sofbening of the bar ht 
ejected throughout its entire erosa-seciion. Hence a very Mod 
weld indeed can be niede by end pmeseiie. We have to tnenh 
Mr. Fish, not raerelv for showi^ us these most inleresring 
experiments on electric welding, h^ for supplying the eketsfo 
power for many of the ex]>eriment3 I have be^ showing you, 
and for the electric lighting of the Drill Hall, < 

To Mr. Snell, thq repre.sentative of Mr. Immtich, oorbext 
thanks are due for his having devoted several days in arranging the 
tw6 high-voltage, constant-current motors, to drive the dynamos 
with that constancy of speed which you ohaerve. This ingenioiu 
telpher model, to which I shall refer presently, is the handi- 
work of Mr. Bourne, and considering that it has had to be 
hastily taken to pieces, and hastily put together again, it is 
surprising that it works as well ns it does. An ordinary watch 
is a very trust worihy, steady- going machine, but if one had to 
take it to pieces hastily, and as hastily to put it toMther amin, 
one might expect it to lose. Indeed, if you or I nad to do It, 
we should not be surprised if it did not go at all, and so was 
onW right twice every twenty-four hours. 

^nr the arrangements of the models and the smaller experi- 
ments, as well as for the admirable execution of many 01 the 
diagrams, our beit thanks are due to Mr. Raine. 

Did time allow I should like to describe to you to what per- 
fection the system of economical distribution with accumulators, 
originally proposed by Sir William Thomson in i88x and shown 
in Its very simplest form in the wall diagram, has been brought 
by Mr. King, the engineer to the Electrical Power Storage 
Company ; how the cells when they are fully charged are 
automatically disconnected from the charging circuit, and elec- 
trically connected with the discharging circuit ; hoW the electric 

ressure on the discharging or house mains is automatically 

epi constant, so that the brightness of the lamps is unaffected by 
the number turned on ; and how cells that are too energetic have 
their ardour automatically handicapped, and not allowed to give 
more current than is being supplied by the less active ones. 

During the last few months fierce has been the battle raging 
among the electricians, the war-cry being “ alternate-current 
tranblormers zwvhj accumulators,” while the lookers-on, with that 
Ijcttcr vie w of the contest that they are proverbially ^aid to possess, 
have decided ih.at the battle is a drawn one. Neither system is 
the better under all circumstance*! s if the district to be lighted be 
a very scattered one, u^e alternate-current transformers by all 
means ; but if the houses to be lighted are clustered together at a 
distance from the supply of power, then the storing property 
possessed by accumulators, which enables the supply of electric 
power to far exceed the capacity of the dynamos and engines in 
the busifi-it part of the twenty-four hours, will win the battle for 
accumulators. Any direct-current .system of distribution such as 
is furnished by acctimulators has also tl\e very great advantage 
that it lends itself to the use of the very efficient electromotors 
whicli I have been using this evening. Alternate-carrent motors 
do exihi, but they are still in the experimental stage, and are not 
yet articles of commerce. 

Secondary batteries have caused much heart-burning, for tbeir 
users, from the apparent fickleness of their complex chemical ac- 
tion, yet but imperfectly understood. But we have at length been 
taught what is good and what is bod treatment for them ; and 
after years of brave persevering application on the part of the 
Electrical Power Storage Company, that forlorn hope the 
secondary battery has become one of the most useful tools the 
electrical engineers ; and secondary cells, some of which, 'thanks 
to the kindness of that Company, I am using here to-night to 
supply power for lamps and motors, may now be trutfod; to 
have a vigorous long life. That Company, I learn, undseutko 
henceforth to keep their celts in order, when used for central 
station work, for 12^ per ceiit^ per annum, and 1 understand 
that they have such confidence in them that they antlclpatq 
making no little money by incurring this insurancd office ro- 
^nsibility. It is not, then, surprisine that the CbeUea 
Company have deci<^ to use secondary batteries on a^ 
scale for the economuial distribution of light and power in thetv 
diatrict. 

Mver (J^smlth said, more than a hundred yean ago, Ift hie 
" Life of Richard Nash^ ^uire ** People of fiuhion at Batlh 
. • . when so disposed, attend lectures on the arts end Mddacel# 
which are frequently taught in a paettif aa|MvfidaI manaer,^ mm 
not to tease the undemtandiag, white adfonl the liwi|iirii-* 
tion some amosesnent.'’ I want not to be anMs6Mrt«t ^ 
must nqt your uqdetitanding, and lo wo irlil 
selves in technical detaUs. ZfrhowMr» rmate 
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vda to A{>prec(ftte the^axt economical importance Cf uamg very 
large electric preasurea, and to ^aap that, by sut>stituting Aooo 
iroltaior 50 voU«, when tranamitting a certain amouoi of electric 
powar, the current can be reduced to the one>fortleth part, and 
the waste of power, when transmitted along a given length of a 
giirefi wire to the one- fortieth of the one -fortieth —that is, to the 
owe sixteenth- hundredth part — your imagination will have been 
kindled as well as atnused. 

With a loss on the road of only 1 1 per cent. , M. Deprez has, 
by using 6000 volts, transmitted 5^ horse-power over a distance 
of about 37 miles through a copper wire only one-fifth of an 
inch in diameter. A piece of the actual conductor he employed 
1 hold in my hand : the copper wire is coated with an insulated 
material; and then with a leaden tubing, so that the outside may 
be touched with perfect impunity, in spite of the high potential 
difference employed. M. t)epre**s dynamo and motor were not 
nearly as efficient as he could make them now, so that his ter- 
minal losses were unnecessarily great, and the efficiency of the 
whole arrangemeht, wonderful as it was, was not so startling as 
it would otherwise have been. I have told you that (he loss in 
dynamo and motor has actually been reduced to only 12^ per 
cent. ; so that, if a dynamo and motor of this efficiency liad 
been used by M. Deprez, the total loss in the whole transmission 
over 37 miles would have been under 25 per cent. Indeed, by 
using only 1250 volts, Mr. Brown has succeeded in transmitting 
JO horse-power supplied by falling water at Kriegstetten to 
Solothun, in Switzerland, five miles away, with an entire loss 
in the dynamo, motor, and the five miles of going and returning 
wire of only 25 per cent. ; so that three-quarters of the total 
power supplied by the water at Kriegstetten was actually 
delivered to machinery at Solothun, five miles away. 

In less than twenty years, then, from Gramme’s practical 
realization of Facinotti's invention, we have power transmitted 
over considerable distances by electricity with only a total loss of 
25 per cent., whereas the combined loss in an air-pump and air- 
motor or in a water-pump and water-motor is 40 per cent., irre- 
spective of the additional loss by friction or leakage that occurs 
cn route. We cannot help feeling that we are rapidly arriving 
at a new era, ,'\nd that it will not merely be for the inauguration 
of the quick transmission of our bodies by steam, or the quick 
transmis'-ion of our thought by telegraph, but for the economical 
transmission of power by electricity, that the Victorian age will be 
remembered. 

I showed you a little while ago an electric fire. Was that a 
mere toy, or had it any commercial importance ? To burn coal, 
to work dynamos, and (o use the electric current to light your 
houses and your streets is clean and commercial ; to use the 
current to warm yonr rooms clean but wasteful, on account of 
the inefficiency of the steam-engine. But when the dynamos are 
turned by water power which would otherwise l>e w^asted, the 
electric current may he economically used , not merely to give 
l]ght> but also to give heat. And when the electric transmission 
of power becomes still more perfect than at present, even to bum 
coal at the pit’s mouth where it is worth a shilling a ton may, in 
spite of the efficiency of the steam-engine being only one-tenth, 
be the most economical way of warming distant towns where 
coal would cost aor. a ton. Think what that would mean ! 
—no smoke, no dust, a reform effected commercially which 
the laws of the land on smoke prevention are powerless to bring 
about, a reform effected without the intervention of the State, 
and therefore dear to the hearts of Englishmen. 

I avn aware that this Mea of burning coat at the pit’s month 
and electrically transmitting its power has quite recently beeri" 
stated to be commercially Impracticable. But is that quite so 
Oertoln?— 'for in tffyS it was stated that, although telephones might 
do very well for America, they certately would never be intro- 
4 iiced into Great Britain, as we had pleit^ of boys who were 
wWing to act as messengers for a few ahllRngs a week. The 
phono^ph was ako declared to be wOrtted by a ventriloquist, 
awd 4fectrio lighting on a 4 arge scale was proved to be too 
expensive a luxury to be ever carried out* Putting a Cofisetva- 
tlWr drag on the wheels is a vetw good precaution to take when 
Cedp^down hill, but it is out ot place in ttbe up-hill work of 

^ ^o3ay the electric current ia used tbt bMtrdlesspthposes. Not 
duly kit used to weld, but by putting tlw Electric ate Snside a 
doM ertclble, tmeUifig can oe effoeM with k rkpidity and 
Wve quite mtobtainable with theWrdbitlTtiitflitifd of putting the 
omd« the erodble. If b«e hat |iWtttti«d tntt k fbw years 
dg^ that ik was as deprossiog adentificdly to piM a4re ocftsm a 
«iWciblt whoa you wanted to wana the 1tmdo« tk Joey I^tdle, the 


ceUahnan, found St depressing mentally 'Mo take in the wine^ 
through the pores of the skin, mstead of by the conwivial channel 
of the throttK,” who would have believed that in iSfifi, a 5C0 
horse- power dynamo would be actually employed to produce an 
electric arc inshile a closed crucible in the manufacture of 
aluminium bronae. 

But, of oil the many commercial uses to u hich (be electric 
current may be put, probably, after the electric light, electric 
traction has moiit public in tr rest. The Engibh are a commerciab 
people, but they are also a humane people; ami when, as in- 
this case, their pockets and their feelings arc alike touched, 
surely the? w ill be Radicals in welcoming electric traction, what- 
ever may be thiir political Fentiments on other burning topics of 
the day. It is not a nice thing to feel that joii are nelping to 
reduce the life of a pair of poor tramway hoisea to three or four 
years ; it would be a very nice thing to be carried in a tramcai 
for even a less fare than nt present. Now, ^hile n costs 6 d, or 
7if. to run a car one mile with horses, it only costs 3rt'. or 4rf. to 

} )ropel it electrically, li deed, from the veiy minute details that 
tave recently been published of the four months’ expenses 
of electrically propelling ihirty cars at 74 miles an hour along 
a 1 2-miles tramway line in Richmond, Virginia, it would 
appear that (he total cost —inclusive of coal, oi), water, engin- 
eers, firemen, electricians, mechonicions, dynamo end motor 
repairers, inspectors, lintnien, cleaners, lighting, depieciation 
on engine, boiler, cars, dynamos, and line -work — has Ircen only 
per car |)cr mile. This is indeed n low price ; let us- 
hope that it is true. The tranjway is, no doubt, particularly 
favourable for propelling cars on the paratUl system (that is, the 
system in which the current produced by the dynamo is the sum 
of the currents going through all the motors on the cars) without 
a great waste of power being produced by a very large current 
having to be sent a very long distance, becau-^c the tramway 
track is very curve<l, and the dynamo is placed at the centre of 
the curve, with feeding- wires to convey the ciuient from the 
dynamo to all parts of the track. But even in the case of a 
straight tramway line with a dynamo only at one end, it is 
quite possible to obtain the same high economy in w 01 king by 
employing a potential difference and by .sending a small 
current through all the trains in series ^ instead of running the 
trains in parallel^ as is done on the Poilrush, Blackpool, 
Brkhton, and Bessbrook tramways. 

This series system of propelling electric trains was oddly 
enough entirely ignored in all the discussions that have taken 
place this year at the Institution of Civil Engineers, and at the 
Institution of Mechanical Engineers, regarding the relative cost 
of working tramways by liorses, by a moving rope, and by 
electricity ; and yet this series system is actually at work in 
America, as you will see from an instantaneous photograph 
which I will now project on the screen, of a series electric tram- 
way in Denver, Colorado; and a series electric tramway 12 
miles long, on which forty cars are to be run, is in course of 
construction in Columbus, Ohio, The first ttack on which 
electric trams were run in series was the exi)eriuicnlnl ie/p/ter 
tine, erected in Glynde in 1883 under the superintendence of 
the late Prof. Eleeming Jenkin, Prof. Perry, and myself, for the 
automatic electric transport of goods. A photograph of this 
actual line is now projected on the screen. The large wall 
diagram shows symbolically, in (he crudest form, our plan of 
series working j the current follows a zigzag path through the 
contact pieces, and when a train enters any section the contact 
piece if avtomaticfilly removed, and the current now pasaes^ 
through the motor on that train, instead of through the contact 
piece. The Series ElectricarTraction Syndicate, whom we have 
to thank for the model jfn>j tramway on which the two cars ore 
now running, are now developing our idea, but it has received 
its greater devriopment in the States, where the Americans are 
employing h, instead of spending time proving, a priori^ that 
the automatic contact arrangements could never work. Mental 
inertia, like mechanical inertia, may be defined in two ways. 
Inenk ia riliev«rittiaaaftomotion----thatis the English defimtion : 
but inertia kalao the resistance to stopping--that is the American 
definition. 

In additktt to the small waste of power, and consequent 
dimiAklied ea^t of conttractlng the conductors that lead the 
current hrte mid oat of (he paasing trains, the sei-ieH ^ysMm has 
oarottier wy msriird advantage. Some years ago we pointet) 
out ihatwm an tiootric train was tunning down hill, or when it 
was deciMd to atop the train, there was no necessity to apply n 
bmke andwskte the energy of the moving (rain in fndku, 
because the ekctric motor c^d by turning a handie be con- 
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verted into a dynamo, and the trtb eould he slowed or 8tt{pp#d 
hy its eneito M>ng given tip to all the other trains runni^ on 
the same rauway, so that the traUn going down hill helpoef the 
tn^ns going up hill, the stopping trains helped the Starting 
trains. At that time we suggest detailed metnods for carrying 
out this economical mutual md arrangement whether the trains 


the series system has the advantage that, when a motor is 
temporarily converted into a dynamo by the reversal of the con- 
nections ot its stationary magnet, the slowing train can help all 
the other trains even to the veiy last rotation of its wheels. 
BraVes that save the power instead of wasting it are of purely 
English extraction, but their conception has recently come 
across the Atlantic with such a strong Yankee accent that it 
mi|^t pass for having been boro and br^ in the States. 

Economy is one feature that gives electric traction the right 
to claim your attention ; safety is another. This model telpher 
line worked on ** the post head contact ” system is so arranged 
that no two trains ever run into one another, for, in addition to 
each of the three trains being provided with an automatic 
governor which cuts off electric power from a train when that 
train is going too fast, the line is divided into five sections con- 
nected together electrically in such a way that as long as a train 
is on any section, A, no pouer is provided to the section B 
behind, so that if a train comes into section B, it cannot move on i 
as long as the train in front is cm section A. [Three trains shown | 
running on a model telpher line with four automatic locks.] 
Whenever a train — it may be even a runaway electric locomotive 
* enters a blocked section, it finds all motive pow er withdrawn 
from it quite independently of the action of signalmen, guard, or 
engine' driver, even if either of the latter two men accompanied 
the train, which they do not in the ca<ie of telpherage : no fog, 
nor colour'blindness, nor different codes of signals on different 
lln^, nor mistakes arising from the exhausted nervous condition 
of overworked signalmen, can wiih our system produce a col- 
lision. Human fallibility, in fact, is eliminated. While the 
ordinary system of blocking means merely giving an order to 
slop— and whether this is understood or intelligently carried out 
is only settled by the happening or non-happening of a sub- 
sequent collision— our automatic block acts as if the steam were 
automatically cut off ; nay, it does more than this : it acts as if 
the fires were put out in an ordinary locomotive and all the coal 
taken nway, since it Is quite out of the pow er of the engine- driver 
to re-start the electric train until the one in front is at a safe 
distance ahead. 

The photograph now seen on the screen shows the general ap- 
pearance of theGlynde telpher line, which has recently been much 
extended in length by its owners, the Sussex Portland Cement 
Company ; and a telpher line with automatic blocking on the 
broad principles I have described is about to be constructed 
between the Ea.rt Pool tin -mine in Cornwall and the stamps. 
There will be four trains running, each consisting of thirty-three 
skeps containing three hundredweight each, so that the load 
carried by each train will be about five tons. 

It may be interesting to mention that the last difficulty in 
telpherage, which consisted in getting a proper adhesion between 
the driving-wheels of the locomotive and the wire rope, has now 
been overcome. The history of telpher locpmotivts is the his- 
tory of steam locomotives over again, except that we never tried 
to fit the electric locomotives with legs, as was proposed in the 
early days for ■ team locomotives. It is a tedious discouraging 
history, but it is so easy to be wise when criticizing the past, so 
difficult to be wise when prospecting the future. Gripping- 
wheels of all kinds, even the inaia-rublwr tires used for the last 
three years, have all been abandoned in favour of simple, slightly 
loose, cheap iron tires, which w ear for a very long time, and 
give a very perfect grip when the bar supi>orting the electro- 
motor is so pivoted pendulum-wise. *\o the framework of the 
locomotive that the weight of the motor no longer makes the loco- 
motive jump in passing the posts, as it did until quite recently. 

After several years of experimenting, we have in telpherage, 

1 venture t6 think, at lost a perfectly trustworthy, and at the same 
time a most economical, method of utilizing distant steam- <ir 
water-power to automatically transport our goods, and in time 
it may even be our people, over hills and valleys, without 
or bridges, and without interfering with tlie crops or the catUe, 
or the uses to which the land may be put over which the telpher 
trains pursue their snakedike way : we have, in fact, the hixary 
of ballooning, without its dangers. 


soemttEs Am AcmsjiiTMS. 
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Acadstniy Of ftcfihces, September DeeClolztaux 

in the chair. — Complement to the theory of overfatU stretching 
right across the bed of a water-course (weirs, mill-races, and the 
like), by M, J. BottSsinesq. In supplement to the theory worked 
out in the Compies rendus of July 4, October 10 and 24, 1887, 
the author here deals with the discharge aa influenced by the 
velocities of the currents at the overfall. — On hf. Levy*s recent 
communication on the subject of Betti's theorem, by M« £. 
Cesaro. This theorem, which plays an essential part in Betti’s 
**Teoria dell’ Elasticity,” is practically that of Green, which is 
capable of such manifold applications. And which M. L^vy has 
shown to admit of so many interesting corollaries in grapho- 
statics. In the present paper M. Cesaro confines himself to 
proving that thp-iormtula of l^aplace, giving the velocity of sound 
in rectilinear elastic mediums, is itsdf a consequence of Betti's 
fruitful theorem. — Compressibility of the gases, by M. K. H. 
Amagat. — >On the chlorides nf gallium, and on the value of 
the elements of the aluminium group, by MM. NiUson and 
Quo Pettorsson. Here are ^udied the two diflerent chlorides 
GogCl^ (or GaClg) and GaClj, as determined by M. Lecoq 
de BoUbaudran, the discoverer of gallium. The combinations 
are also given that are formed with chlorine by the elements 
of the third group of the natural system, whose chlorides 
have so far been studied. It is pointed out that aluminium and 
gallium displace three atoms, indium two, and thallium one of 
hydrogen of the hydrochloric gas. In this group, with the increase 
of the atomic weight the elements show an evident tendency to 
form several combinations with chlorine. — On ferrous chloride 
and the chlorides of chromium, by MM. Nilsson and Otto 
Pettersson. The preparation and properties are described of 
ferrous chloride, and of the two known chromium chlorides— 
the trichloride, CrCU, and the bichloride. CrCIj. — Papers were 
communicated by M. Rene Chevrel on the great sympathetic 
nervous system of bony fishes ; by M. Alexandre Viizou on the 
incomplete intercrossing of the nerve- fibres in the optic chiasma 
of the dog ; and by MM. Raphael Oubois and Leo Vignon on 
the physiological action of para- and metaphenylene-diamine. 
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DE TERMINANTS, 

TiOfia Elemental de las Defermtnantes y sus principales 
aplicaciones al Algebra y la Geometria, Por Fdlix 
Amor^tti y Carlos M. Morales. (Buenos Ayres : 
Imprenta de M. Biedma, 1888.) 

“ O OME books/' says Bacon, “ may be read by deputy, 
and extracts made of them by others and, at any 
rate so far as English readers are concerned, the work 
now under review belongs to this category. A very con- 
siderable portion of it is taken up with translations of 
selected passages from Muir's “Treatise on the Theory of 
Determinants,'' of which the following is a sample ; — 

“ Teorema 11 1 . ^ Toda determinante centrosimdtrica del 
orden es igual d la diferencia de los cuadrados de 

das sufftas ■ de determinantes menores del orden 
formadas con las m primeras Jilas'^ 

“ En efccio ; el producto de las dos determinantes 
factores, por ejempio, D y D', en el caso del pdrrafo 37, 
es igual ^ 

i![D + DT~ 4 [D-DT}, 

y si D y D' se desarrollan en funcidn de determinantes de 
elementos monomios (22), las determinantes de una de las 
expresiones son iguales d las de la otra. Luego queda 
demostrado el teorema." 

The above is almost word for word the same as § 138 
of Muir's “ Treatise,” which we subjoin for the sake of 
comparing the translation with the original : — 

“ A centro‘ symmetric determinant of the order is 
expressible as the difference of the squares of two sums of 
minors of ike m'* order formed from the first m rows. 

“The product of the two factors, D and D' say, in 
the first case of § T37 is equal to 

(4(D-f DOP^ {4(D-D')P, 

and when D and D' are expanded (§ 29) in terms of 
determinants with monomial elements, the determinants 
in the one expansion are in magnitude the same as those 
in the other : hence the theorem.” 

We notice that Muir's formula is incorrectly printed in 
the translation ; but it is only fair to add that such 
inaccuracies are rarely met with in the volume before us, 
which is more free from misprints than the first editions of 
mathematical books usually are. The translators do not 
appear to have caught the exact meaning of the wofds 
“ arc in magnitude the same as,” which they have changed 
into “ son iguales d.” Quantities which are the same in 
magnitude (though differing, it may be, in sign) they call 
equal, and are consequently forced to translate the words 
“ are equal ” by “ son iguales y del mismo signo ” as they 
have done elsewhere in more than one place. But a much 
worse mistranslation (also from Muir) occurs on p. 85, 
where the single word “es" is used as the equivalent of 
“contains the term.” A worse mistake than this one 
could not have been committed, even by those who, 
according to Hodibras, " translate,— 

Though out of languages, in which 
They understand wo part of ^eech*” 

The above extract is taken diioin tecmid of the 
thiee dis^ct {Kirtions, or book«| into which the “ TeoHa 
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Elemental ” is divided. The first of these books has to 
do with determinants in general, the second (consist- 
ing mainly of translations from Muir) treats of deter- 
minants of special form, and the third is reserved for 
algebraical and geometrical applications. The nomen^ 
clature adopted m the second book differs in some par- 
ticulars from that employed by Muir, Thus our authors 
do not follow him in substituting “ adjugate " for the more 
euphonious and more familiar adjective “ reciprocal,” and 
they agree with Scott and others in calling those deter- 
minants “orthosymmetrical ” which Muir names “per- 
symmctric.” We think that their name “determinante 
hemisimiHrica ” is a distinct improvement on the old 

zero^axial skew determinant,” but we cannot see any 
special reason for speaking of determinants in which all 
the elements in one row are equal to unity as “deter- 
minantes multiples,” and we do not consider that the fact 
of the equality of all the elements in the principal diagonal 
of any skew determinant is of sufficient importance to 
necessitate the use of the distinctive appellation pseudo- 
simdtrica ” to denote such a skew determinant. 

The second book contains most of the principal 
properties of the various kinds of symmetrical deter- 
minants, and of Pfaffians, alternants, circulants, and 
continuants, but not of compound or functional deter- 
minants : these are mentioned, but their properties are 
not investigated. The short chapter devoted to them 
merely defines compound determinants, Jacobians, 
Hessians, and Wrouskians, and then concludes abruptly 
with these words : “ Por mds interesantes que scan estas 
formas, la fndole de esta obra no permite entrar en el 
estudio de ellas, para el cual se recomienda especialmente 
el notable tratado del profesor R. Scott, ‘ Determinants,' 
Cambridge, 1880.” 

Here our remarks on the second book (which finishes 
with this sentence) would come to a close if we did 
not wish to correct a mistake into which the authors 
have fallen as to the origin of the name continuants. 
These they say (see p. 1 12) “ se denominan continuantes, 
por sugestidn del profesor Sylvester.” The real facts of 
the case are these. Prof. Sylvester was the first to 
discover the forms called continuants^ to which he gave 
the name of cumulants. It was Muir who suggested the 
name continuant “ as an exceedingly suitable and 
euphonious abbreviation for continue^fraction deter- 
minantp and as a “short literal translation of the 
equivalent term Kettenbruch- Determinante^ which is the 
received name in Germany” (vide American Journal of 
Maikematicsj vol- i. p. 344; letter from Mr. Muir 
to Prof. Sylvester on the word continuant, September 4, 
1878). 

Of the third book we have very little to say. It is nice 
easy reading for young beginners, and teaches them how 
to solve systems of linear equations, how to perform 
eliminations by means of Euler’s, Bezont's as modified by 
Cauchy, or Sylvester's dialytic method, and how to cal- 
culate the roots common to two equations or the double 
n)ot8 of a single equation. There js a short chapter in 
which some of the most simple properties of the resultant 
of two equations are explained. The last chapter in the 
bdok is the only geometrical one ; its principal contents 
are determinant expressions for the area of a triangle, a 
qua^kteral, and a polygon, in terms of the co-ordinates 

A A ' 
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pt Chdr reB|tectivje vertices, and some simple trtgono- 
paetricH^ lormulai. On p. 175, in this chapter, we 
notice a curious misprint : in each of three successive 
formulas (the usual expressions for the sine, cosine, and 
tangent of half an angle of a triangle in terms of its 
sides) a capital ,V takes the place of the sign of the 
square root. 

The opening paragraph of the first book tells us of the 
odg^ of determinants, citing as evidence of their inven- 
tion by Leibnitz his celebrated letter to L’Hopital, dated 
April 28, 1693. Their re-discovery by Cramer in 1750, 
and the rule (for the solution of a system of linear equa- 
tions) whidi still bears his name, are next mentioned ; 
but authors of a more modern date are summarily 
dismissed with the following brief notice : — 

Desda el tiempo de Cramer la teorfa de las determin- 
antes ha hecho notables progresos debido <1 los trabajos 
de Vandermonde, Laplace, Gauss, Cauchy, Jacobi, 
Sylvester, Muir, Baltzer y otros, no habiendo rama de las 
matemdticas en que no haya si do apUcada con ventaja.** 

We are not, however, left entirely in the dark as to the 
contributions to the theory made by these writers ; for 
some theorems are called by the names of their respective 
authors, and a large number of others have these names 
indicated in brackets. For instance, the proposition 
which concludes the third chapter in the first book is 
thus Enunciated ; — 

“ Dcscomponer uxta determinante de orden ««^sirao en 
una suma de productos formados cada uno de una 
determinante de orden y de una determinante de 
orden [« Laplace 

This is immediately preceded by — 

“Teorema de Cauchy. — Si sc clige una fila y una 
coiumna de una determinante cualquiera, cl elcmento 
comdn de elias multi plicado por cl respective comple- 
mento algebraico, mds la suma de productos obtenidos 
multiplicando ei producto de un elemento de la fila y de 
la coiumna por $u respectivo com piemen to algebraico, es 
equivalente ^ la determinante dada.^’ 

The way in which these two propositions are treated in 
the present work will serve to exemplify the methods 
employed by its compilers for imparting knowledge to 
their readers. The proof of Laplace's theorem given by 
Scott, in § 5, chap, iii. of his “ Determinants/' is clearer 
than any other we are acquainted with j but it depends 
on some of the properties of alternate numbers. It is 
true that these properties are of the simplest kind, but 
then the notion of alternate numbers is a highly abstract 
one, quite as much so as the idea of a four-dimensional 
space. In order, therefore, to convey a clear conception 
of Laplace’s theorem to students of average capacity, 
our authors have turned it into a problem, and, by con- 
sidering what Prof, Sylvester calls a simple diagrammatic 
case, have shown how this problem can be solved, thereby 
bringing the theorem within the grasp of those whose 
minds are as yet unprepared to revel luxuriously in such 
abstractions as the alternate numbers. 

On the other hand, the proof of Cauchy’s .theorem 
and tlie illustrative example appended to it have been 
reproduced, with only some slight vertal alterations, from 
§ 62 of Muir's “ Determinants," where the theorem in 
question is presenticd in a form eminently adapted for 
elementary instruction* 


The first book ends with a rule for the division of 
determinants, which may be briefly stated thus: To 
divide |ai„| by assume the quotient to be and 
equate each clement of the determinant formed by 
multiplying and i^i^] to the corresponding element 
of 

The values of the elements of the 

assumed quotient will then be determined by solving 
a system of equations of the form 

‘**1q ^3n ^911 • • • • ^ ^au ^im ** 

The article containing this rule should be expunged 
from all future editions of the work. Its practical inutility 
becomes apparent when we remember that, on solving 
the system of equations to which it leads, each x is found 
in the form of the quotient of two determinants ; so that 
we have to perform many divisions instead of one. Those 
who are practically engaged in the work of mathematical 
tuition in the University of Buenos Ayres will doubtless 
be able to suggest other improvements, and if these 
suggestions are attended to, students in that University 
will possess in the second edition of the “Teorfa 
Elemental ” an introduction to the theory of determinants 
written in their own language and suited to their require- 
ments. 

In some respects we do not desire to see any im- 
provement. The appearance of the book is as attractive 
as good paper, wide margins, and a bold clear type can 
make it. The authors have chosen for their motto the 
appropriate quotation from Sylvester: “ For what is the 
theory of determinants ? It is an algebra upon algebra ; 
a calculus which enables us to combine and foretell the 
results of algebraical operations, in the same way as 
algebra enables us to dispense with the performance of 
the special operations of arithmetic." The table of 
contents is a model of completeness, and gives the 
enunciations of the theorems in full instead of merely 
indicating the pages and articles in which they occur. 
The volume ends with a selected list of treatises on 
determinants “que pueden servir de texto y que son 
dignas de especial mencidn." This will be of use to 
students who only want to be told what authors they 
should read, for the names mentioned are few and well 
chosen; while those whose object is to improve their 
acquaintance with the bibliography of determinants may 
fully satisfy their desire by consulting the two papers by 
Muir in the Qtiarierly Journal of Mathematics (one of 
them published in 1881, the other in 1886} to which 
reference is made. 

Responding to the invitation—*^ agradecerfamos las 
inclicaciones que se nos hicieran sobre omisiones 6 errores 
quenohubidramos advertido" — we call attention to a slight 
misprint in this reference, in which the word^ Quarterly" 
has been mis-spelt “ Quaterly." With the exception of 
those previously mentioned, no other erratum has come 
under our notice. 


OUR BOOK SHELF. 

The Geological History of Plants. By Sir J. W. DawsOn^ 
C.M.G., LL.D., F.R.S., 8:c. 8vo, pp. 290. With Illus- 
trations. “ International Scientific Series*" (London : 
Kegan Paul, Trench, and Co,, i888*) 

This bde^ gives, in a connected fiorm, a summary of the 
development of the vegetable kingdom in geologi^ time* 
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Tlioi^b likely to be of us^e to geologists and botanists, the 
treatment is seificiently fk^pular to be intelligible to the 
general reader. The floras of the successive geological 
formations are treated of ict turn, from the oldest rocks 
clown to comparatively rec^t times. The two longest 
chapters in the book are devoted to the vegetation of the 
Devonian and Carboniferous ages respectively) much of 
the matter here traversed having formed the subject of 
numerous scientific memoirs by the author. In the body 
of the work, accounts of the morphology and minute 
anatomy of the various plant -remains are given, with 
speculations as to their affinities, and in many cases 
restorations are attempted, illustrated by figures. The 
irore special details as to classification, &c., are wisely 
placed in small type as a series of notes at the end of each 
chapter. The last chapter in the book consists of an 
interesting essay on the general laws of origin and migra- 
tions of plants. Many of the woodcuts leave much to be 
desired, more especially those dealing with histological 
subjects. These are, for the most part, scrappy and 
insufficiently described, and convey little to the mind. 
Comparisons between fossil remains and recent plants 
arc often rendered valueless by strange inaccuracies as to 
the morphological value of the parts so compared. Thus 
the leaves of MarsiUa (pp. 6o and 67) arc described as 
being in whorls and cuneate in form, and in AsoHa and 
Salvinia the leaves are “ frondose and more or less pin- 
nate in their arrangement.” ^penophyUum^ which pos- 
sesses wedge-shaped leaves arranged in verticels on the 
stem, is set down as of probable Rhizocarpian affinity, on 
this mistaken comparison between its tea^fes and the 
leaflets of MarsUea / Much confusion also arises from a 
careless use of the terms sporocarp, sporangium, macro- 
and micro-spore, antheridium, &c., in connection with 
certain small bodies found in the Erian and Carboniferous 
beds, and conceived by the author to be the reproductive 
bodies of a rich, then-existing Rhizocarpian flora. Though 
there are many points in which palteobotanists may not 
be at one with the author — such as the reference of so 
many Palaeozoic forms to Rhizocarps — the volume will be 
of service, especially to those to whom the larger treatises 
are not available. 


LETTERS TO THE EDITOR, \ 

[The Editor dott not hold himself responsible for {opinions 
expressed by hU correspondents. Neither can he mnder- 
iaie to return^ or to correspond itnth the turi^ers of 
rejected manuscripts intended for this or any otki¥ fart 
of Nature, No mtice is tahen of aseonymous ctnumpm- 
cations,] 

Prophetic Germs. 

I HAVE but just returned from abroad, and have hastened to 
read the number of Nature for August 30 . I find that the 
Duke of Argyll in his letter of that dole makes some remarks 
which call for a few words from me. The Duke is not, 
it appears, prepared to defend the theory that the eleClric 
organ of Rata radiata is a ** i>rophetrc germ." He refers me 
to the paper of Prof, Ewart on this subject, whose opinion he 
quotes and accepts. 1 am not sure how far Prof. Ewart himself 
had coBsideretl the significance of the view which he put forward 
in regard to the nature of the rudimentary electric organs of 
^ates ; hat I do not hesitate to say that there arc no facts which 
have been made known at present, either by earlier ol>servers or 
^ by Prof. Ewart, with regard to the electric organ of akatts, which 
'‘necessitate such a theory of prophetic germs as that imagined hy 
the ][>uke of Arj^yll, or which can be shown to be inconsistent 
with the doetdne of progreaive developlaent by the natural 
selection of fortuitous eotigemtal variations. If the Duke of 
Argyll will point out such facts, he will have made a contribu- 
tioo of some value towards the undcrtlanding of the Uws of 
organic evolution. 

In a saluwquent portion of his letter the Duke of Argyll 
states; ”If Prof. Ray Lankester will explain how ‘natural 
aelectioii * can act upon ‘ congenital variations/ which he calls 


* Uon-eifinificant * — i.e. which are not yet of any actual as<f‘— and 
if he wul explain how this action can oflbrd ‘ the sipiEle asid 
sufficient theory of the origin’ of (as yet) useless ^^ations, 
he will have accomplished a great triumph in logic and 
philosophy.” 

I am unwilling to entertain the notion that the Duke of AzgyU 
has intentionally constructed the above sentence by garbled quota- 
tions from my previous letter in order to produce the fake 
impression that I have maintained such a view as to the acltoa 
of natural selection. At the same time, 1 will observe that the 
method of discussion adopted by the Duke — namely, that of 
half quoting the opinion which he attributes to an opponent and 
desires to render illogical in the judgment of otlet«— is, to say 
the least of it, objectionable. It becomes easy when this method 
of partial re-statement is adopted for the disputant to insert 
words of his own mixed with the words of hU opponent, and 
thus to misrepresent the latter’s statement by unconsciously 
fabricating what the poet has condemned as the worst of 
fabrications^namely, one which is half a truth. 

The point of the sentence which I have above quoted from 
the Duke of Argyll's letter depends upon the unwarrantable 
introduction on his part after the quotation of the word “non- 
significant ” of certain words in explanation of that word. The 
Duk^ky^d enough to say that by “non-significant” 1 mean 
“ whhnt^l^, not yet of any actual use.” 1 have not had any 
private communications with the Duke of Argyll upon this 
matter, and am at a loss to understand how he should have come 
to think that he knows that this was what 1 meant by the word 
** non>significant.” By whatever process he arrived at that 
conclusion 1 regret to have to say tliat it is absolutely erroneous. 
My meaning was nothing of the kind, and I was utuler the 
impression that I had stated with sufficient clearness what 
my meaning was. It appears that 1 did not state it clearly 
enough for all readers. I called the congenital variation 
which survives in the struggle for existence “ ntm*significam” in 
regard to its origin and not in regard to its survival. It was, I 
think, clear to most renders tliat I was distinguishing lielween 
the Lamarckian theory of variation as lUie to the transmission of 
parental acquired characters and the Darwinian theory of varia- 
tion as due to a “shaking up ” of the germ-piasma at the union 
of egg* cell and sperm-cell. The variation^ that is, the departure 
of a young animal or plant from the normal character of the 
species — would be, if it could be traced to the transmission 
from a parent of a character acquired by that parent in atUp- 
lation to the environment, signihcani ; that is to say, it would 
have significance for the adjustment of the species in its very 
origin in the parent. On the other hand, the thousand and ono 
slight or con.siderable departures from the mean specific form 
which occur in every possible direction in a brood of young fish 
or other organisms arc “non-significant.” They are due to a 
long-precedent disturbance of the germ-plasma when the form of 
the organism was undcvclo|)ed, No possible reaction of adjust- 
ment can be imagined which could produce adaptation in the 
structure of an animal or plant developetl from a germ, if it 
he a proviso that such adaptation is to have relation to a physical 
cause of disturbance which once acted upon the getm whiUt the 
adapt at ional results are to come into effective existence in the 
develop>ed product of the germ. Hence I am led to 8 f)eak of 
eongenhai variations as “non-significant” in relation to the 
disturbing causes which produce them. 

The proposition that congenital variations are selected when 
they ibe not yet of any actual use is an absurdity which the 
Duke of Argyll had no justification whatever for suggesting as 
likely to be defended by me, and one which he arrives at by 
misrepresenting the meaning of the adjective “non-significant.” 
As a matter of course, some one combinatioti of congenital 
variations is “ significant "in the sense which live Duke of Argyll 
chooses to give to that word— a sense in which I do not employ 
it ; some one combination of congenital variations in each gener- 
ation survives because it is “ significant ” in the sense of being 
useful. It is a common fallacy to suppose tJiat natural selection 
is only oi^erative in nrodneing new species ; on the contrary, it is 
never in abeyance, but U equally os active in maintaining an 
existing form as in producing a new one. 

With regard to the origin of useless variations and the genwal 
question of uselessness, it is not to be expected that your colamns 
should be given over to an expoftition of the common-places of 
Dai^vinbm. It is to be noted, firstly, that we have no right to 
conclude that a structure is useless to the organism in which it 
occurs because the Duke of Argyll is unable to see in what way 
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It it nMfttl y ftficondly, we have established the great priadple of 
^ doA^r^Mion ofgrowth/' which is a brief way of stating that In 
orgaiiitels there is such an intricate binding together of the 
IMllHiwninni thnf when one part varies other parts vary con- 
^taiituitly^so that a useful variation of the beak or eyelid of a 
examine) may n^asitaU a concomitant and perfectly 
oSili vmnatlan in the toe-nails or the tail-feathers ; thirdly, 
4lpSISss structures undoubtedly exist owing to the potency of 
flMiUty, which is of such strength that long after a structure has 
osaeed to he a matter of selection it is transmitted from genera- 
tim to generation, though dwindled in size and more or less 
impe^ect in structure. 

I think there will be no difficulty by reference to one or other 
of the three considerations above stated in disposing of cases of 
so-called “uselessness," or “prophetic" functionless organs 
on the way to use," which the Duke of Argyll may find to be 
stumbUng-blocks in the way of his faith in Darwin, if he will 
submit them one by one for pulverization, though 1 am afraid 
the process will not interest your readers. 

September 21. E. Ray Lankester. 


A Shadow and Halo. 

' A FEW evenings ago, whilst walking down a sloping pa.sture, 
with the moon shining br^htly at an altitude of atout 20*" 
behind me, and with no visible dew nor fog, yet with heavy 
dew on the grass, 1 noticed that the shadow of my head and 
shoulders was very sharply defined, but that it was surrounded 
by a halo of light, and that this halo or nimbus increascil in 
brightness as my shadow was lengthened out because of the 
increasing slope; and not only was the l)rightness increased, 
but it extended now to my hips. That this was due to the 
greater depth of moist air through which the moon's light passed, 
by reason of the increase of the slope, I think was proved by 
the fact that in the neighbourhood of a high hedge, which 
would to some extent alter the conditions, this halo nearly 
wholly disappeared. At one time I thought that my eyes were 
tleceiving me concerning this appearance, the contrast of the 
dark shadow with the surrounding brightly illuminated grass 
giving rise to the ap{)earance above mentioned, but, by holding 
up my hand so as to cut off the view of the shadow, T still saw 
the brighter light which surrounded it, and this brightness still 
increased or decreased in intensity as the slope on which 1 took 
up my position was greater or less. There was no casting of a 
shadow on a fog-bank, as there was no fog at all, but rather 
the air was particularly clear. I noticed this phenomenon three 
nights in succession. I shall be glad to know if any other 
amongst your readers has noticed this occurrence, and wdll 
explain it. E, W. P. 

Tamworth, September 29, 


Sonorous Sands. 

Referring to Mr. Caros- Wilson’s letter recording the sup- 
posed discovery of musical sand in Dorsetshire, 1 may mention 
that about two years ago the late Admiral £. J. Bedford sent 
me three boxes of musical sand, one of them being labelled, 
“ Musical sand ; Studland Bav, Dorset, 1885 ; sonorous when 
collected." 1 am not aware whether Admiral Bedford himself 
discovered the sonorous properties of this sand, but it is dear 
that he was well acquainted with both the sand and its character 
in 1885. A. R. Hunt. 

Torquay, September 27. 


THE REPORT OF THE KRAKATAb 
COMMITTEE OF THE ROYAL SOCIETY. 

I. 

A fter an interval which has been prolonged partly 
by the unexpected continuance of the subsequent 
atmospheric phenomena, and partly through other circum- 
stances incidental to publishing, the Report an the great 
eruption of the volcanic island of Krakati^b in August 
1883 is now before the world. 

Every Committee is bound to issue a Report of some 
kind, but it rarely falls to the lot of a Committee to deal 
with anything at once so stupendous in its character and 


far-reaching in its consequences as the eruption which not 
only figuratively, but literally, vibrated through the world 
on August 37, 1883. 

We, in these islands, may boast of our Essex earth- 
quakes, and of the frequent little tremors to which a 
certain district in Perthshire is subject ; but few of us, 
or our immediate neighbours, can, from our local expe- 
rience, form the faintest conception of the terrific sub- 
terranean powers which ordinarily manifested themselves 
in the volcanic region of which Krakatab may be fitly 
termed the focus. 

The first accounts which reached us by telegram,. in- 
accurate though they were bound to be as regarded details, 
were scarcely exaggerations in point of magnitude ; and, 
indeed, the cataclysm in this case rose superior to all 
artificial modes of transmission, by announcing the very 
date and hour, if not minute, of its culminating explosion 
through a series of air- waves, which recorded themselves 
no less than four times on every automatically recording 
barometer throughout the world. 

Three other distinct and abnormal phenomena were : 
(i) the immense distance to which the sound-waves were 
propagated (altogether transcending anything hitherto on 
record ; (2) the immense local hei^t, destructive power, 
and subsequent wide diffusion of me accompanying sea- 
waves, which in this case were noi^ as is usually the case, 
due to earthquake action ; (3) the simultaneous occur- 
rence in the Javan and Indian area, and subsequently 
rapid extension, first round the equatorial zone, and, 
finally, to the whole world, of a most remarkable group 
of optical phenomena, including coloured suns, lurid and 
prolonged glows at twilight, large coronae round the sun 
and moon, and a peculiar cirriform haze which was 
evidently connected in some way with these and the 
eruption. 

It was plain, in the face of these preliminary facts, that 
the collection and discussion of such a grand series of 
exceptional phenomena gratuitously evolved out of 
Nature’s own laboratory, could not fail to be of service 
to science, and that while the more local features and 
practical results of the episode might be left to the Dutch 
Government, to whom the district belonged, its attendant 
and subsequent phenomena deserved permanent record 
in the pages of scientific history. 

On this basis, a Committee of the Royal Society was 
appointed on January 17, 1884, in the following terms : — 

“ That a Committee, to consist of Sir F. Evans, Prof. 
Judd, Mr. Norman Lockycr, Mr. R. H. Scott, General 
Strachey, and Mr. G. J. Symons, with power to add to 
their number, be appointed to collet the various accounts 
of the volcanic eruption at Krakatab and attendant phe- 
nomena in such form as shall best provide for their 
preservation and promote their usefulness." 

The subsequent expansion of the Committee co- 
operation of additional members, and the substitution of 
one — Captain Wharton — in consequence of the death of 
Sir Frederick Evans, is detailed in the preface. 

The main object of the Committee was thus to collect 
facts and reduce them into a systematic and useful form, 
While this has been its primary object, it has been 
thought advisable to enlarge upon the original basis of 
the Report, and, while giving a risumS of all the lea;diag 
opinions, especially those relating to the debated question 
of the relation of the optical phenomena to the eruption, 
to enter at some length into a discussion of the facts thus 
systematized. Though it is hardly to be expected that 
everybody will agree with the deductions arrived stt by 
each author, and though it has been impossible to avom 
omissions in a work embracing, in its latter sections, 
observations extending over throe years, and a literature 
of its own, the main facts have not only been recoriM, 
but, as the Chairman, Mr. G. J. Symons, says, can be 
readily verified. 
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Althouj^h, therefore, as time progresses, and human 
knowledge changes and enlatves, some of the conclusions 
drawn by the authors of the Report may be modified or 
reversed, the value and permanence of the facts and 
opinions quoted, will be secured by the unusual care 
wnich Mr. Symons has taken to verify all the references 
and quotations. 

The work is divided into five parts : — 

I. On the volcanic phenomena of the eruption, in- 
cluding the nature and distribution of the ejecta, by Prof. 
Judd, F.R S. 

II. On the aif’waves and sounds caused by the erup- 
tion, prepared under the direction of Licut.-General K. 
Stracney, F.R.S. 

III. On the seismic sea-waves caused by the eruption, 
by Captain ,W. J. L. Wharton, R.N., F.R.S. 

IV. On the unusual optical phenomena in the atmo- 
sphere which began in 1883 and continued in part up to 
1 886 inclusive, and which included coloured suns, twilight 
effects, coronal appearances round sun and moon, sky 
haze, &c., by the Hon. F. A. RoUo Russell and Mr. E. 
Douglas Archibald. And 

V. A short discussion of the magnetical and electrical 
phenomena, by Mr, G. M. Whipple. 

Prof. Judd commences by pointing out how peculiarly 
favourable for the gigantic outburst was the position 
occupied by Krakatiu). The marked linear arrangement 
of the volcanoes of Java and Sumatra points to the exist- 
ence of a corresponding great fissure in the earth's crust ; 
while across the Straits of Sunda lies another line of 
weakness, along which five volcanoes have been thrown 
up at different epochs. Krakatao lies precisely at the 
intersection of these lines. It is therefore a position 
where volcanic action, once having commenced, might 
be expected to display itself on its grandest and most 
intense scale. 

The history of KrakatsCb, as traced by Prof. Judd, 
shows that, both in dimensions and activity, it may be 
considered to have been one of the largest and most de- 
structive volcanic craters in the world. At one time, “ its 
circumference, at what is now the sea- level, could not 
have been much less than twenty-five miles, and its height 
above the same datum plane was perhaps not less than 
10,000 to 12,000 feet." 

Then, at some unknown period, a terrible outburst 
seems to have occurred, far transcending the present one, 
which completely eviscerated the volcano, and reduced it 
to, the condition of a basal wreck of three islands, one of 
which contained Rakata, a basaltic lava cone from which 
the island derived its name, and two smaller parasitical 
cones ; while the other two represented the relics of the 
original crater, formed of the same material as the latter, 
viz. enstatite dacite. The relatively inconspicuous cha- 
racter of Rakata, and the adjacent cones and islets, as 
well as the absence of any serious volcanic action since 
1680, seem to have warded off any suspicions which 
might have been entertained by the inhabitants on the 
adjacent coasts regarding either the former grandeur of 
the volcano or the possible renewal of its activity, 
certainty on such a scale as was witnessed on August 27, 
1883. 

Nature, however, rarely displays its grandest effects 
without giving premonitory warnings, and, in volcanic and 
seismic phenomena more particularly, by exhibiting the 
cnlminatingoutburst as the cumulative result of an aggre- 
gation of small and continuously operating hypogenic 
causes, 

For Some years prior to 1883^ earthquakes had been of 
Snequent occurrence in the vicinity, one of which destroy«3 
the, lighthouse on Java’s First Point, and was felt even in 
.North Australia^ while on May 20 and 21 an eruption 
proceeded from Perboewatan, the most northern of the 


three craters which occupied the place of the original 
prehistoric volcano, and , the same that was in erupr 
tion in 1680. This eruption, though only of a relatively 
mild (Strombolian) type, compared with its successor, was 
yet sufficiently striking to be accountable for some of the 
sporadic sky effects which, as we shall see, were notic^ 
in its vicinity during and for some little time after its 
occurrence. For example, the captain of the German 
ship Elisabeth^ when passing through the Straits on 
May 20, observed the height of the smoke column as it 
issued from the volcano to be over 30,000 feet, and found 
dust fall on his ship when it was more than 300 miles 
distant ; while, according to Verbeek, the writer of the 
Dutch Report, the sounds were heard not merely at 
Batavia and Buitenzorg, 100 miles off, but even at 
Singapore, which is 518 miles away. 

After this relatively minor, though absolutely violent 
eruption, a period of intermittent and subordinate activity 
prevailed, during which two other dormant cones re- 
opened, the decrease in violence being thus probably 
made up for by the larger area in eruption. Finally, after 
a period of growing intensity — a fact which wa^ attested 
by observations at Batavia and on board ships passing 
through the Straits~the entire volcano appears, on 
August 26, to have passed from the moderate (Strom- 
bolian) stage to the paroxysmal (Vesuvian) stage. 

It would be unnecessary to recapitulate the accounts 
given of this terrific outburst, which lasted from 2 p.m. on 
Sunday, August 26, to the evening of August 27, and 
reached its culmination at about 10 o'clock on the latter 
day. The originals read like romances from the “Arabian 
Nights,’’ though to attempt to adequately describe such a 
chaos would need the pen of a Dante coupled with the 
pencil of a Dord. The salient features were (1) the unusual 
height to which the smoke column was observed to 
ascend, viz. seventeen miles, by Captain Thomson, of the 
Medea — nearest approach to which on any former 
occasion seems to have been thirteen miles at the eruption 
of Graham’s Island (Julia) in 1831 ; (2) the extraordinary 
violence of the detonations; and (3)the accompanying atmo- 
spheric and electric phenomena. With respect to this latter 
point, the volcano was, in fact, a frictional hydro-electric 
generator of electricity on the largest possible scale. 

One of the most important deductions arrived at by 
Prof. Judd from a study of this and other eruptions is the 
precise part played by water in aiding eruption. 

It appears to be often thought that both slow percola- 
tion and the rapid introduction of water into reservoirs of 
lava are the direct causes of eruption ; but Prof. Judd 
shows that, while the percolation of water is one of the 
contributory causes, it is not the primary cause, which he 
attributes, when discussing the nature of the materials 
ejected, to “the disengagement [by heat] of volatile 
substances actually contained in those materials.'' 

According to this, which may be termed the cart- 
ridge” doctrine of eruption (the lava representing both 
the powder and shot), the action of inrushes of sea- 
water, such as occurred in the present case, by chilling the 
surface of the lava, and augmenting the tension of the 
imprisoned gases, caused ‘ a check and then a rally,” 
analogous to what occurs in a geyser when sods are 
thrown into it. Prof. Judd attrmutes the excessively 
violent nature of the last stages of the great eruption of 
Krakat^ to this “ check and rally action,” caused by the 
dissolution after evisceration of the crateral framework of 
the volcano, and the consequent admission of the sea in 
large quantities, a circumstance to which its position 
renders it peculiarly accessible. 

Prof. J udd considers the ^^excessively violent though short 
paroxysms with which it terminated ” to be the special 
feature by which the eruption of Krakata^b differed from 
others of similar rank. These, while characterized by a 
larger quantity of materials ejected, present no parallel to 
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Ike finftl exhfiUfstive explonons of abnormal tioletice,’’ 
together with the vast sea and air waves, and the 
eubse<Mefit optical phenomena, which accompanied that 
of Krakatib. 

Prof. Judd next deala with the nature of the materials 
ejected, and draws attention to the different physical cha- 
racters presented by the lavas ejected from Krakata'f> at 
d^erent epochs, the final compact lavas of 1883 bein^por- 
pbyritic pitchstone, and obsidian, containing about 70 per 
cent, of siHcavand so nearly identical with those 

^ some of the earlier outpourings as to sugge.^t refusion. 

The heavier lava dust which fell in Java and was 
examined by numerous geologists, including Prof. Judd 
himself, exhibits a peculiarity which he considers to be 
without precedent, in that it contains almost every variety 
of feldspar crystals. The base in which these crystals was 
found to be embedded presents great differences in its 
fdSibiHty, the pitchstone melting with great difficulty, and 
the obsidian with ease. This latter point, in combination 
with other circumstances, leads Prof. Judd to one of the 
most important of his conclusions, viz. as to how 
eruptions come to differ not merely in magnitude but in 
quality : for example, how a volcano such as Krakataf) at 
one time emits massive and viscous lava>sireams as it did 
in former times ; at another, pours forth a more liquid 
lava ; and again, as on this occasion, bursts out with 
explosive violence into an eruption in which most of the 
lava is converted into pumice. He considers that the 
older lavas have been chemically acted on by water which 
has slowly percolated through the crust in the vicinity, 
and that the new compounds thus produced are not only 
nvore readily fusible, but more easily convertible into 
pumice. Volcanic action is thus concluded to be brought 
about not directly by the physical action of externally 
derived water, but by changes in the physical properties of 
rocks chemically altered through the medium of such water. 

In connection with the optical effects which were 
witnessed subsequent to the eruption, and which are found 
to be connected chiefly with the finer solid ejecta, Prof. 
J»dd finds evidence, both from a study of the Krak.'itab 
pumice as well as the finer dust which fell at great 
distances, that, by the unusual violence of the explosions 
during the major outburst a large quantity of the very 
finest threads and dust of volcanic glass was thrown out 
into the higher atmospheric regions, where it might re- 
main suspended for very long periods, ife also points 
out that the absence of any sign of materials characteristic 
of Krakatifb in the rainfall of distant places is no evidence 
against their wide diffusion, since the most characteristic 
substance in the Krakatab dusts was rhombic pyroxene, 
and this by reason of “ its high specific gravity and its 
slight friability would be among the first to fall.*' 

Prof. Judd brings his section to a close by a general 
review of the circumstances which have led him to adopt 
the view already enunciated regarding the cause of 
volcanic action, viz. that the liquidity of a lava and the 
violence of an eruption depend on the extent to which the 
Java has, as it were, been hydrated under the influence of 
slow aqueous percolation. Lavas of precisely the same 
composition, and at the same fem^rature may vary 
greatly in their eruptive action simply by the changes 
thus effected in their fusion-points. This refined form of 
the vo^anic theory, which is put forward by Prof. Judd, 
appears to show that the Vesuvian stage of eruption is a 
pmxysmal form of earth sickness, due to lava gases in- 
directly generated by water action, while the quiet out- 
pourings both from cones and fissures which have taken 
place so widely both in the past and present ages, repre- 
mt the more normal welling up of lava which has been 
leas altered by water action. For this reasonable 
<leductioa and the clearer insight afforded into the 
modus o^randi of volcanic and seismic phenomena, 
we are, without doubt, indebted to KrakatsCb. 

( To ht continued^ 


THE BRITISH ASSOCiA TIQK 
SECTION H.i 

ANTHROPOLOGY. 

OPENtNCr Address by LiEtrrENANT-GEWKRAt Pitt-Rivers, 
D.C.L., F.R.S., F.G.S., F.S.A., PRESIDENT TEN 
Section. 

H. 

The accompanying map of Great Britain shows the mohu- 
ments that I have been the means of obtaining by the consent 
of their owners. 

The E^icti&h Tower at Mousa in the Shetlands, which is welt 
known to be the best preserved monument of this class in the 
country, has been included by the owner, Mr. Bruce, and some 
necessary repaifs have been done to it by the Government. In 
the Orkneys the owners of the scheduled monuments declined to 
make use of the Act, but they are well looked after. The same 
applies to the Boss of Inverurie, the Vitrified Fort on the hill of 
Noath, the Pillar Stones at Newton, in the Gorioch, and the 
British settlement at Harefautds, in Lauderdale, which latter, 
however, is in such ruinous condition that the remains 
of it are scarcely worth preserving. The Suenos Stone 
near Forres ; the Cairns at Clava, on the banks of 
the Naim ; the Cat stane at Kirkliston ; the Burgh of Click- 
anim, have also been withheld by their owners, but most of 
them arc very well taken care of. The Cairns at Minnigaff were 
nearly destroyed before they were scheduled, and are not worth 
preserving. The inscribed stone in St. Vigean's churchyard is 
preserved in the porch of the church, but it is not include. On 
the other hand, Ldin's Hall, the largest and most southern of 
the remains of the Flclish Towers in Berwickshire, has been 
included by Mr. J. S. Fraser- Tytler ; the Black and White 
Catherthuns have been added by Miss Camegy Arbuthnot ; 
both these are large camps having ramparts of stones and earth- 
works round them, and they are described in General Roy’s 
work. The Bictish Towers at Glenelg have been included by 
Mr. Tames Bruce Bailey ; they are in a very bad state of repair, 
and have been prop|>ed up by the Government, The inscribed 
Stones at Laggangairn, New Luce, have been included by Lord 
Stair ; they are at a great di.stance from any road or habitation, 
and the protection afl’orded them, beyemd the powers contained 
in the Act, must be regarded as nominal. The Peter's stone, 
on the road from Wigton to Whithorn, has not been added ; it 
is an important stone, and is in a dangerous position ; it has 
already suffered damage, and it is to be hoped it will be included 
hereafter. The chapel on the Isle of Whithorn, supposed to be 
that built by St. Ninian, has been included by Mr. R. Johnstone 
Stewart ; this was not in the schedule. The Pillars of Kirk- 
madrine have been included by Mrs. Ommaney McTaggart ; 
they are the earliest Christian monuments in the country. I 
suggested that Government should contribute towards building 
a small chapel to contain them, which has been done. The 
Cross at Hath well, with its remarkable runes, which wore 
gradually being destroyed and covered with lichen, so that its 
mscription could not be read, has also been added. I suggested 
that the Government could contribute towards building an annex 
to the neighbouring church to contain it, which, has ^en done. 
This was not in the schedule. The cup- marked rock of 
Drumtrodden, W^igtonshire, has been added by Sir Herbert 
Maxwell, and Government has granted a certain sum towards 
building a shed over it to preserve it. It was not in the 
schedule, but is a good example of its class. Barsalloch 
Fort, Wigtonshire, the Mont Hill of Dtuohtag, the Drumtrodden 
standing stones, Wigtomdiire, have also been added by Sir 
Uerbert Maxwell. St. Ninian ’s Cave, with its early Christian 
crosses, has been included by Mr. Johnstone Stewart. In the 
Island of Lewis the remarkable standing stones m the ibnn of a 
cross at Callemish, and the Broch at Carloway, have been 
added by Lady Matheson. This latier is, next to Mousa, the 
iMst Pictish tower in the country. In Cumberland, the Stone 
Circle on Castle Rigg has been pot under the Act by MUs 
Edmondson. Tn Westmoreland, Arthur’s Round Taole, kn 
earthen circle with a ditch In the interior, and Mayborougb, a 
large chcle with an embankment of stones and the remains of a 
stone dreie within, has been Included by Lord Broui^aiiL ' In 
Derbyshire, ATborlow, a laige circle ilmikr to AfthiS*s Romid 
TaMe, with the remains of a stone dnde, the stones of wMsh 
are prostrate, and a large tutsmtus near it, has been added llty 

‘ Condmud from p. 518. 
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iht Duke of Rutlund. Hob HuMt’a Houw, aod the tircle on preserved stone chamber, has been added by Colonel KingscotCf 
%ai» Moorr vht^ aUo haaakrge eairn close to it, bnve been In Oxfordshire^ the Rollrich stones have been included by Mr. 
indoded by the Duke of Pevonshire, and the Nine Ladies, a | J. Reade. In Kent, Kit’s Coty House by Mr. Brassey, which 
circle of small stones on Sainton Moor, by Major Thornhill. | is the remains of a long barrow, the traces of which can be seen, 
Is GloucttSter^re, Uleybury* a long barrow with a well- ] with part of the stone chamber remaining. In Somerset, the 



Stone Circles at Stanton Drew, by Mrs, S. B. Coates, and the called the Grey Mare and Colts, near Gorwcll, by Mr. A.*D. 

Cdee .there by Mr, Fowler; the chambered tumulus at Stoney Sheridan; the circle of Nine Stones near Bridehead Park^by 

l4tj^toa by Lord Hylton. It WlWnirc, thh long barrow at Mr. R> WUliams ; the Stone Circle on Kingston Russell Family 

Wert Kennet by the Rev. R. M. Ashe, and Silbury Hill by the Duke of Bedford ; and in Wales the Pemre Kvan crom- 

Sir John Lubbodc, In Dorsetshire, the (Cambered long barrow, lech, one of the largest in the country, by Lord Kensington— 
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making in aU thirty*ftix which have been placed under the 
Act with the consent of their owners. AU these and many 
others have been surveyed ; plans* drawii^* and sections have 
been made of them* wnich are contained in the book now upon 
the table, which is open for the inspection of the members. I 
hope to publish these shortly. Besides these monuments which 
are included under the Act, a good deal of useful work has been 
done by cotntnunicaAng with the owners of other monuments, 
without using the Act. 

I think it speaks well for the landowners that so many should 
have been willing to accept the Act, considering that so fcw of 
them take much interest in antiquities. There is not a more 
public-spirited body in the world than the much-abused 
landowners of England. 

Those who have refused have generally done so on the grounds 
that they wish to remain responsible for their own monumentr, 
and I think I may say, from my own observations, that there is 
very little damage to prehistoric monuments going on at the 
present time. Public opinion has done more than any Act of 
Far! iament> could do, and it appears to me that it is generally 
known throughout the country that any wilful damage to the 
monuments would be universally condemned. 

But it is well to consider the operation of the Act, and how 
it may be improved. The provision which makes it illegal, 
ever after, to destroy the monuments that are now placed under 
the Act by their owners, and to enable magistrates to punish 
offenders summarily, appears to me excellent, and worthy to be 
retained. But there are defects to which it would be well to 
give attention. By the present Act, the Government are made 
responsible for all the monuments that arc included, which 
entails expense ; and as members of Parliament generally take 
very little interest in ancient monuments, and the great object 
of the Government must always be to curtail expenditure, 
additions to the list are not as a rule encouraged. 

1 last year obtained eleven new monuments, bat I was told . 
that this was too many, and that some must be omitted, so 1 { 
selected three of the least impt>rtant, and they have not been 
included. This, 1 think, is objectionable ; the two provisions 
of the Act which I have mentioned should be applied as widely 
as possible. If the provision making Government responsible 
for the preservation of the whole of them is altered, there will 
be no inducement on the part of the authorities to reduce the 
number to be included. At present local archaeologists wash 
tlieir hands of the matter, thinking that there is a Government 
Inspector whose business it is to look after the monuments. 
This is a mistake ; the proper function of the Inspector is 
simply to look after the monuments that are included, and to 
advise the Commissioners— not to obtain new monuments for 
the Act. I have done so because I was charged in a special 
manner with the or|ranization and working of the Act on its first 
introduction, but it is beyond the proper functions of the 
Inspector. I have done it as a private individual who takes an 
interest in the subject, and any other private individual may do 
the same. Moreover, it is impossible for an Inspector to stand 
sentry over all the monuments that are put under the Act. The 
police are requested to look after them as well as they can, hut 
damage must occasionally be done which local archaeologists 
are in a better position to ascertain and to remedy, using the 
provisions of the Act for the purpose. 

It may be that my position as a landowner, as Lord Stalbridgo 
said in his letter asking me to take the appointment, may have had 
some effect in enabling me to persuade some of the other land- 
owners, but you cannot insure always having a landowner for 
an Inspector, and it U desirable now to put the Act on a working 
footing. It is much to be wished that local Archeeologicm 
Societies should be made to feel themselves responsible both for 
the inclusion of monuments under the Act, and their preserva- 
tion afterwards ; the Act arms them with full powers for the 
purpose if they think proper to use it. 

At present no Archaeological Society has rendered any assist- 
ance whatever, but Sir Herbert Maxwell, in Galloway, has not 
only offered his own monuments, he has persuaded nis neigh- 
bours to do the same. What Sir Herbert Maxwell can do, 
others equally public-spirited con do also, if it is clearly under- 
stood that it rests Wiih them to take action in the matter, and I 
think it should rest with them, because, being local, they can 
do more than a sin^ Inspector char^ with the supervision of 
the whole of the monuments of Great Britain. I think that the 
Government should continue to appropriate a small sum (it Is 
now under £m a year) to apply to such purposes as may be 


thought desirable, such as building sheds to preserve the numu- 
ments, but that they should not necessarily be held responsible 
for all the monuments placed under the Act, and that, the Bill 
being a permissive one, it should rest with the public to make 
use of it or not, os th^ may think proper. If there is no demand 
for the preservation of monuments, there U no reason why the 
country should be saddled with the expense of It. If there is a 
demand, let those who are interested use the law on the subject 
as they use any other to prosecute delinquents. 1^ think, also, 
the provision that the new monuments before being included 
should rest forty days before Parliament might be advantageously 
abolished. The First Commissioner, with the practical know- 
ledge of the Inspector, is fully competent to decide upon the 
monuments to be included. It is evident that, if it were desired 
to save any monument that might be threatened, the forty days 
would afford ample time to enable the destruction to be carried 
out before the Act could be applied. With these alterations 1 
think the Act would take root in the country and produce better 
results. Of one thing, however, 1 feel certain ; that, as long os 
the owner of a monument takes an interest in it, he is the best 
[lersoi! that the public can look to for the preservation of it. 

In conclusion it may perliaps interest the meeting if I say a 
few words upon the lesults of my recent ex^vauons on the 
borders of Dorset and Wilts, upon which I have been at work 
for the last eight years, the detailed account of which is recorded 
in the two quarto volumes extending to 541 pages and 159 plates, 
the last of which is just completed. 

I have excavated numerous barrows of the Bronze Age near 
Rushmore, about half-way between Salisbury and Blandford. 
Winkelbury Camp has been examined and sections cut through 
the rampans ; an Anglo-Saxon cemetery near it has been dug 
out, and two Romano- British villages thoroughly explored, the 
positions of which are shown on the map now exhibited on the 
walls, a reduced facsimile of which is given on p. S45, 

In recording these excavations I have acted on the principle 
that views upon anthropological subjects are constantly on the 
change, as our imperfect knowledge of the early inhabitants of 
the country increases, and that when the records of excavations 
are confined to opinions and results, it is probable that those 
facts only which coincide with the theories current at the time 
receive the prominence they deserve. 

The requirements of the future demand that everything should 
be recorded and tabulated in such a way as to be of easy access 
hereafter. I have therefore established a system of relic tables in 
which, without confusing tbe text and making it unrearlable, every 
object, however small and ^parently trivial, is inserted, and the 
great majority of them are ngured in the plates. 

It would occupy too much time to enter into details on the 
present occasion. The result has been to show by a computation 
from the bones of twenty-eight individuals, found buried in pits in 
the villages, that the Romanized Britons of this district were an 
exceedingly small race, having an average stature of not more than 
5 feet 2 6 inches for the males, and 4 feet I 0'9 inches for the 
females ; that the tallest man was only 5 feet v8 inches, and he 
w as an inch and a half toller than the next tallest man. 

In head form, the great majority of tweni^-six skeletons 
measured were mesaticephalic and mostly comn-shaped, but 
three were hyper- dolichocephalic and two brachycephalic, 
which shows that the head form approached that of the 
Neolithic, long-barrow people, with a probable admixture of 
either Roman or Bronze Age ty[>es. 

The stature is slightly less than that given l^Thurnam for the 
long-barrow people of this district, but Dr. Garson informs me 
that, in a paper which he will read at this meeting, he will show 
that the height of the Romano- Britains whom I have discovered 
tallies as nearly as possible with that of some long- barrow 
bones found near Devizes. All ore, of course, shorter than the 
skeletons of the Bronze Age, two of which I have found in 
the same locality, and which are of the usual tall stature and 
round-headed types of that people. 

The Romano- Britons are also considerably shorter than the 
skeletons of the Anglo-Saxons found in the cemetery at 
Winkelbury, which arc described in my second volume. 

Tbe problem, therefore, with resp^t to these Romaoloed 
Britans appears to be this: Are they the descendants of the 
long-barrow people, and do they owe their small stature lb 
that circumstance, or U their smalt size to be attributed to Useir 
largest men having been drafted away into Chd Roi&ad teknis 
abroad ? , . 
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Pmf. RoIlesCdn examined a number of skeietons from a probably penetrated no further westward than the borders of the 
cemetery Fnifotd, which he believed to be Romanized dUtrict I am speaking of, and that the bowl barrows and the 

Britonit, and found that they were of large size, but in my long barrows of the btune Age predominated to the westward 

address to the Royal Archxological Institute at Salisbury, last of it. 

year, I expressed some doubt about the period of these skeletons, Since the present volume of my excavations was in print, I 
and in a paper since published by Dr. Beddoe I see that he have quite recently made another discovery of considerable 

rejects the evidence of (heir being Romano' Britons upon the interest bearing upon this question. 

same ground that 1 had doubted it, and he quotes Barnard i okerley Dyke is an ancient intrench meat which cuts across 
Davies and Thurnam for the occurrence of other skeletons of the old Roman road from Old Sarum to Badbury Rings. It is 

these people of the same or nearly the same stature as those of an earthwork of considerable magnitude, with a dittm on the 
tlxe villages that 1 have explored. north-east side of it. It appears to have originally occupied all 

We are ther^ore evidently beginning to accumulate reliable the open downland spaces intervening between the ancient 

information about these people, whose physical peculiarities arc woods, which latter probably, by means of felled trees, afforded 
less known to us than any other prehistoric, or rather non- sufl&cient defence without earthworks. It extends with its 

historic, race that has contributed to the population of this dependencies and detached prolongations more or less all the 

country. way from White Sheet Hdl, on the north-west, toBlagdon HiU, 

Thurnam shewed that the large-sized, round-headed Be!ga‘ on the south east, a distance of about nine miles. Its origin and 


MAP SHEWINC THE AREA FORMERLY OCCUPIED BY CRANBORNE CHASE, 
WITH THE ANTlQUITtES CONTAINED IN IT. 



use have been frequently discussed by archscologists, but no one that are situated to the westward or rear of it, from an attack 
has hitherto assigned a right date to it. I have now cut two from the east, and that this must in all probability have been done 

broad sections through it on cither side of the Roman road, at the lime when the Saxon invaders were pressing upon them 

models of w^bich are exhibited, with the result of proving that it from the eastward. 

is late Roman, or post -Roman, and n of the same date as the This discovery throws a flood of light upon the history of this 
villages ; Roman coins, to the amount of 500, of late date, ex- part of the country at that time, and shows that the Britons must 
tenwng to Constantinus and GratiantUf, and pottery, having been nave made a ^tout defence against their Anglo-Saxon conquerors, 
found lo both sections, all through the rampant, down to the sufficient perhaps to account for the apparent predominance of 
old surface line. It appears that the dyke had been cut through BritUh blood which has been noticed amongst ihe existing 
ground occupsed ^ earlier date by the Romttnind Britons, population of the district. 

and that in lonmog the ditch they threw up the refuse from the Wonsdyke, which nww from a spot not far to the north of the 
habhatious to fonn the bank, includitig the scattered coins and Bokerley Dyke in the direction of Bath, has the same defensive 

pot^eiy* A hsiman skeleton of similar character to those found attitude as Bokerley, and the examination of it, which it 

m^he viUagas was aiao discovered bepeath the old surface line is prpposed to make, will show whether or not it is of the 

in dne of the sections, the old surface Hne being ckarly n^arked same period. 

over it, shpwtDg t^^t buried there before tberampari The observations of Dr. Beddoe and other physical anthropo-' 

aeas thROWft It, From this it aM>cari probable that this logists upon the present population of the country show that 
dyke was thrown up to defend the Romano* British villages tbe^ ’people of the South-West of England are, as a rule, shorter 
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Nftnd darker Vhaw ihost lo iho eaalward, nncl my own observations 
upon the )>eopk of this particular district will, when they arc 
systematised, tend to denne the area of this ethnical frontier 
more precisely. II would be a remarkable result tf it should 
hereafter be shown that the physical changes observable in the 
distribution of the existing population are in any way coincident 
with these lines of defensive earthworks of the Koman or post- 
Roman age ^ and if it should be further shown that the same 
physical characteristics have persistently belonged to the people 
of this region ever since the time of the Neolithic folk of the long 
barrows, weahnll 6nd ourselves in the presence of anthropological 
deductions of some value in their bearing on the history of 
England. I purposely avoid speaking with confidence upon this 
pointy feeling certain that the necessary evidence for deciding the 
question lies buried in the soil of the district, and will hereafter 
be unearthed. I shall resume the inquiry os soon as the harvest, 
if such it can be called this year, is over ; but without bias, and 
with a mind prepared to throw over any pieconceivcd hyjiothesis 
the moment Jt snows itself to be untenable. 


Section A — Mathematical and Physical Science. 

Members of the Mathematical and the Mechanical Section 
had a meeting in the rooms of Section A for the special 
purpose of discussing the question of lightning-conductors. The 
chair was occupied by Prof. G, F. Fitzgerald, President of the 
Mathematical and Physical Science Section. 

Mr, W. H. Preece, President of the Mechanical Section, 
opened the discussion, and said that if we wanted to know any- 
thing about atmospherical electricity, we had lo go back to the 
works of Beniamin Franklin, ico years ago. Up to 1870 there 
were absolutely no rules for the guidance of those who desired 
to erect lightning-conductors for the protection of buildings. In 
that year a great Conference was held on the subject, and the 
result of its deliberations was published m n hook, and included 
a set of rules for the construction of conductors. We had since 
had great experience of them. He had under Id's supervision 
DO fewer than 500,000 lightning-conductors. Some time ago a 
lectureship on atmospheric electricity was founded in memory 
of Dr. Mann, who cxi>erimenlcd on the protection of buildings 
in South Africa. Prof. Oliver J. I.odge was selected ns the 
lecturer, but, instead of cracking up the work of the Conference, 
he took the other line, and, if his statements were true, lightning- 
conductors would be of no use, and no buildings would be safe 
jn a thundcrstomi. Prof. Lodge had commit ted himself to 
fallacies which it was now his duly to bring before the meeting. 
The Professor assumed that a lightning-rod formed part of the 
flash. ^ "Well, it did not. Nobody had ever seen a flash of 
lightning strike a conductor. The function of a conductor was 
to prevent the possibility of the building being struck by the 
flash. If it should be struck, there was some defect in the 
construction of the conductor. Lightning did not go careering 
wildly about, but passed along a path prcparctl for it. There 
was anotbet fallacy, viz. that a flash of lightning was instnnta- 
ncous. There w as no proof of that. We saw a flash of light, 
which indicated the path of the discharge, but how long the dis- 
charge lasted we did not know. I'here were invisible flashes of 
lightning, which was proved by the fact that persons had been 
killed under trees when there was no visible flash. He, however, 
came to that conclusion from the effect on telegraph-wires, where 
there were currents of sensible duration, showing that the flash 
w.as not instantaneous. T he next part was the hardest to discuss. 
It was the assertion that lightning was oscillatory in its charac- ' 
ter ; that it did not go direct from the cloud to the earth, hut 
went flashing backwards and forwards with considerable fre- 
quency. This assertion was based more on mathematical reason 
than on absolute observation, and engineers had no gre.^t respect 
for mathematical deveJopment unless it were confirmed by ab^- 
lute experiment. The facts against the theory were that eleciro- 
were affected for a considerable duration of time by 
hghttiing.flashes. Iron and steel were affected, and he had 
heard letters of the alphabet sijmnlled along the telegraph-wires 
by a the letter R which needed three signs, C which 

needed tour, and there w as a case on record of G, which needecl 
eight signs. Under those circumstances the flash could not be 
oscillatoiy onless the oscillations were vei-^ infrequent. A dis- 
charge condensers or Leyden jars miglit be oscillatory, but 
they were dealing with flashes of lightning. While he was 
attacking Prof: Lodge in that way, he must say that no ohe had 
worked harifcr or more honestly in the matter. Prof. Lodge, 


had nude experiments, and they were corr«i;t» itrom which he 
deduced that the self-induction of copper ww greater tban Uiat 
of iron. He also had repeated these expenntesta, bat bis deduettaos 
were just the opposite. There was no doubt the Professor was on 
the brink of a discovery. He had started a fVesh hare, whidt 
electricians must follow up and kill. Self-induction was called 
up to explain all the phenomena which they did not understand, 
and he inclined to think it was very much what the Americamt 
called a bug. In the telegraph science they had known it for 
many years, and called it electro-magnetic inertia. The next 
fallacy was that most conductors did not protect any area, but it 
was known from evidence that they did. He preferred to stand 
upon the experience of the past rather than u^n Prof. Lodge's- 
matbematical assumptions. There was a tendency to h^ty 
generalization among mathematicians, but there could be no 
doubt that the ex]>eriments of Prof. Lodge and others were 
opening their minds to the true nature of electricity, and that 
they would in time be able to apeak of the mechanical character 
of electricity. They wanted to know where the energy came 
fVom which was destructive in a flash of lightning. At^ueous 
vapour condensed and falling as rain nt the rate of j millimetre 
per acre per hour developed an energy of 600 horse-power per 
acre. Tnere was the creation of the energy which only wanted 
further development to turn into a source of electrical energy. 
He felt convinced that the result of that discussion would be to- 
establish the truth of the position taken up by the Lightning- 
Rod Conference, and would bring to the front what they were 
all anxious to see, the true theory of electricity shadowed forth 
by Prof. Fitzgerald in his opening a I dress, and that would make 
this meeting an epoch in the history of electricity. 

Prof. Oliver J. I^dgc said he had no lightning-conductorw 
under his suj^ervision, and all his conclusions were lornied from 
e^eriments, and if they were correct very few buildings were 
effectively and thoroughly protected at the present time ; and, 
further, if his views were correct, lightning-rods would in the 
future cost very much less than now. The term electro- magnetic 
inertia seemed lo imply that they knew more than they did, so 
he preferred self-induction until they attained to knowledge. 
Mr. Preece said that no properly* constructed rod ever failed, 
but in the report lo the Conference there were .a number 
of entire failures named. He had made s »me very careful 
experiments in which he provided alternative courses for an 
electric current, and he found that it required less electromotive 
force to send the current along a thin iron wire than along a 
thick copper one. According to Mr. Preece, the object of the 
conductor was to prevent a flash of lightning, but rods were 
struck and melted. The conductor had two functions to perform 
— to act as a point and prevent a flash if it could, and to carry off 
a flash when it could not help receiving one. The electric charge 
had some energy, and they could not hocus-pocus it out of 
existence. It might be better to let it dribble away slowly down 
a bad conductor than to let it rush headlong down a good one. 
The length of flash was a question for tlie consideration of 
meteorologists, nnd the duration of flashes was a point on which 
the same gentlemen might do good work. He h.id seen flashes 
which appeared to last two or three seconds, but he thought 
they must b.ive been a succession of flashes. The fact that 
flashes deflected the compass* needle did not prove that they 
were not oscillatory, nor did it prove anything as to their 
duration. A momentary flasli might produce the same effects. 
There was the question of a flash magnetizing a bar of steel. 
An oscillating current was able to do that ; although Prof. Ewing 
used an oscillating current to demagnetize steel. The discharge 
of a Leyden jar caused an oscillating current. The chatgl^ 
was like lifting a pendulum rod suspended freely et one 
end. When the jar was discharged It was like relcaeing 
the pendulum ; it must oscillate, nnd so must the electricity^ 
ond its oscillation would vary in accordance with the frietioh 
and other modifying causes. The greater the electro- ttuwiMtic 
hiertia, (he more certainly would there be Oscilktioa. 'with 
regard to the protecftion of areas, the area which Mr. I^reecu 
imagined ns protected was so small that they might give it 
him without discussion. There was, however, in nis opihiea 
no sure area of protection. Mr. Preece have premed 

him hard on the question of the conditions of' a AatAi. fcte 
(the speaker) had assumed that the flash behaved a» fleOlHdry 
did in an exiiertment. The cloud, however, was not hbe tbb 
tinfoil of a Leyden jar ; it wm made up of global^ wfch 
spaces between them, and a discharge might be mow like llhat 
of a spangled jar, or M%ltt be dribbled away a bit at o tiwm, mad 
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not by grent tviht«v But they could not aisume that it would 
aiwayn do «o, and inu«t prepare for the occurrence of a fncat 
rush. The true character of lightning must he discovered by 
ohservfog tightningt atkcl not by experiments in a Ubonitory. 
The spaclc of one induction-coil at a considerable distance 
would start another one sparking merely by its light. From 
that he came to the condusion that when there was a very 
pright flash of lightning, it must involve very important con- 
sequences, There was no do]iibt that it would cause discharges all 
over the neighbouring area, and so he would say that areas of 
protection were misleading, and if a flash had that effect, they 
i>ad better be without it if possible. 

The Hon. Ralph Abercromby, who showed a number of 
photographs of lightning flashes, said there was no absolute 
evidence in the photographs of flashes of lightning following 
each other rapidly on exactly the same pallt. There was, how- 
ever, distinct evidence of the tendency of lightning- flashes to 
occur parallel to each other. There seemed to be a tendency in 
lightning flai»hes to be ramified, to give off threads all round the 
main fla-^h. Photography gave conclusive evidence that flashes 
were not so instantaneous as was generally supposed. It 
showed that the fla?<h did not always jump from a cloud straight 
to the earth, but sometimes went meandering through the air 
and tying itself into knots, so that it could not he so instantaneous 
as was imagined. He was of opinion that lightning-clouds were 
generally more than 500 feet high, but lightning was rarely much 
higher than xo,ooo feet high. Hy this he did not mean that 
li^tning might jurnp 10,000 feet from the cloud to the earth ; 
but that at an altitude of 10,000 feet on a mountain-side a 
thunderstorm was usually 6 t/ow the obswvcr. 

Lord Kayleigli said that, although some mathematicuuis were 
unpractical, yet it was to mathematics one must go to find 
the results of known causes under new circumstances. He had 
no special knowlerige of lightning-conductors, but from his 
general acquaintance with elect ricity he should say that Prof. 
Lodge's bxperiments could hardly fail to have a most important 
practical application to lightning-conductors in the future, Mr. 
Preece spoke of the development of energy by the condensation 
of vapour into water, but the question was to find how some of 
that energy came to take the electrical form. 

' Sir W. Thomson said that mathematicians never pre- 
dicted that tlie Atlantic cable could not be laid, but a 
oclebrated engineer so* He thought Prof, l^ge was 
in the AmeriOTn stage of inertia and Mr. Preece in the 
English stage. He Believed that if Prof. Lodge proceeded 
with bis experiments he would confirm his discovery that iron 
wire was a better conductor than copper. Self-induction was 
in the air, and they were talking of nothing else. He thought 
Mr* Abercromby 'a idea as to the duration was correct. It 
i>eeincd to him probable that it was the sound of one spark 
which caused another rather than the light. There was the 
photograph giving ihi-ee parallel flashes. It would be well if 
■some experiments could be made to discover whether flashes 
•oocurriag like that were simultaneous or followed one another, 
(reihg started by the light or sound vibrations of the first. It 
was rather startling to find that a lightning-rod hod protecting 
power over so small an area, and he would like to ask Mr. Preece 
whether cop^r had been experimentally provcf! to he belter 
than iron, 'rhey could come to one conclusion from what they 
heard— namely, that houses made of sheet iron would be the 
safest possible places in a ihunder^orm. The question of the. 
■effect of self-induction on statical discharges was a very import- 
ant one. He suggested as n class experiment the dischar^ of 
a Leyden jar through a number of students (i) when they were 
arranged m zigtag rows, so as fo have no^ self-induction in the 
path of the disefotege ; and (2) when they stood in a circle, so 
that the self-induction of the path was a maximum. The students 
shottld stand on fosttUting .material. He thought the result of 
such an experiment would be to show that the students in the 
of the cliain would feel the effect of the discharge far 
lem iit the second instance than in the first. With reference to 
the r^porta as to the occurrence of globular Ughtning, he be- 
lieve^ ihem to be much and expressed “an opinion 

that the whole effect might be a physiological optical delusion. 

eapvjrimeoted some forty years ago oh the question of 
sMs^etitom hy jar discharges, and found that the direction of 
magnetisatfon sometimes wns the 6he to be expected, 
inoaaeefai^ the eppoMte one. He ^ggested new expetimeiits as 
te the fislbenoe of the rate of oscilwton 00 the result* The 
protectfon for gunpowder agafoat lightning would 


be, he thought, to pul it in a houfie whose exterior was entltely 
of iron and to put no lightning-rod on it. 

Prof. Rowland observed that the conditions of Prof, Lodge's 
experiments were scarcely the same as those of actual lightning, 
and he pointed out that the length of the spark was no measure 
of the resistance of the conductor, Further, he showed some 
effects in Mr. Abercromby'* photographs which wcfc probably 
due to the astigmatism in the Ws of the camera. 

M. d« Fonvielle, who spoke in French, observed that Sir 
William Thomson had said most eloquently that Mr. Preece was 
taking the English side of the question and Mr. Lodge the 
American side, but he must say that Sir William Thomson him- 
self had taken the French side, and he had proposed a revolu- 
tionary system which consisted in the building of iron houses. 
He took the liberty, though being a Frenchman, to disagree 
with the great electrician, and to stand with Mr. Preece as an 
English conservative, with reference to lightning-conductors. 
Lord Rayleigh said that mathematicians and physicists should 
unite together, but he supposed that Lord Rayleigh would agree 
with him in remarking thiil Mr. Preece was realizing that 
alliance in a very remarkable manner, for on the one hand he 
dealt with a large number of experiments and observations of 
natural facts, and on the other hand hs introduced statistics, or 
rather the calculation of probaldlities, which was one of the 
highest branches of mathematics. The experiments made in 
laboratories were different from thoie which were presented by 
Nature only so far as they were conducted on very widely 
different scales. On the previous day, in that ball, M. Janssen 
had proved by his observations on the action of oxygen on the 
composition of tbc electric light that in many phenomena there 
was a coefficient behind. He congratulated them on the aid they 
were now receiving from photography. He should advise the 
meeting to delay its opinion for the time until the completion in 
Paris of the Eiffel Tower, which would be the most extra- 
( rJinary lightning-conductor in existence, being 1000 feet high. 
He must, moreover, ^tate that Paris was practically free from 
calamities pnxiuced by lightning. They had erected a sufficient 
number of lightning-rods, according to the principles so admir- 
ably advocated by Mr. Preece, and that was a strong evidence 
that Mr. Preece was altogether travelling in the right direction, 
quite irrespective of any mathematical or physical demonstraliotu 

Prof. George Forbes said that Mr. Preece did not mean to 
*ay that mathematicians came to wrong conclusions when they 
had all the right data, but that they sometimes come to a con- 
clusion without taking all the data into consideration. Prof. 
T^odge had come to say that if iron was not better than copper, 
it was at least as good ; but they could not be quite prepared to 
accept that, because the expciiments might be uied in instances 
more nearly approaching the natural condiiions, and in that 
case it was quite possible that copper would be found to be 
the best. 

Sir J. Douglass said that his experience of lighthouses pro- 
tected by lightning-rods covered a space of forty years, and wa* 
comforting to the members of the Lightning-Rod Committee. 
He never knew a rod fulfilling the conditions he prescribed to 
fail in protecting the lighthouse and adjoining buildings. 

Mr. J. Brown suggested the use of a revolving camera in 
taking photographs, in order to separate flashe*, anti thus see if 
each u single or not. 

Mr. Sidney Walker said that anything which would cheapen 
lightning- condact'^frs would be gladly welcomctl. In the casea 
where damage hat! occurred, he believed that the result was due 
to a defect in the conductor. He pointed out that iron would not 
stand the weather so well as copi>er, and that, besides, it would 
be affected by the gases at the top of a factory or similar place. 

Mr. G. J. Symons said he had investigated every accident by 
lightning of which he could hear, and hatl so got valuable 
experience. The conclusion left on his mind was that if people 
would erect conductors precisely in accordance with the nilefi 
laid down by the Conference,* and fulfilling all the condiiionsi, 
they would be absolutely safe. Where accidents occurred to 
balldings with conductors, there was a rca'-onable explanation to 
be fomnd. Prof. Lodge’s experiments were laboratory experi- 
mcnia, and to get the real facts they must have something on 4 
much larger scale, perhaps by a series of interruptetl oonductora 
on posts on the tops of some of those high hilL where storms 
frequently occurred* With regard to protected areas, there 
were only two cases on record, and those doubtful, of anything 
being struck within a protected aren. 

‘ a«p:*rt of the Lightning-Rod Conferonce (Sp..n. *882). 
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' Pr. Walker 8aid he saw an obe!itk on top of a hill struck. 
The lop was knodced off, and the fluid came from the steps of 
th« monatnent at; fourteen different points, ploughing up the 
ground, and breaking rock at loo feet distance. 

Mr. Wood thought - the black flash shown in one of the 
photograph was due to the reflection of one of the other 
flakes. 

Lord Rayleigh kaid Stokes attributed that to the combination 
of gases in the path Of the flash causing an opaque stratum. 

prof Lodge said he could not understand why a conductor 
should have such a good earth. Why did not three points do 
at the bottom as well as at the top? If properly constructed 
conductors never failed, how was it that the hotel at Brussels 
was burnt, for that wa«i considered protected in the most 
orthodox way? He would not say that conductors were of no 
use ; they were of great use, but not absolutely certain. In his 
experiment he was bound to adopt the plan he did, because the 
experiments cpuld not be clone m any other way. It was only 
the outer surface of the conductor which conducted, and 
there was no particular good in the centre of a rod. A 
tube would do as well, and would be all the better if opened out 
into a flat bar, and yet better than that would be a strand of 
wires. Iron buildings, to be safe, must have perfect connections, 
for the smallest gap might give off a spark. That was the 
danger in houses supplied with gas ; if the fluid travelled along 
thfc pipes and came to a gap, a spark and a Are might result. 

Mr. Preece said the points between Prof. Lodge and himself 
were reduced to a very small compass indeed, lie himself had 
always been a grent advocate of iron on account of its cheapness. 
The use of copper caused needless expense in the erection of 
lightning-conductors. He believed every private house cpuld be 
protected in accordance with the recommendation.s of the Con- 
lerence for if people would buy a coil of stranded iron wire 
a quarter of an inch in diameter, with the 6nial points, and have 
that put up. 

The President summed up the discussion, and said the 
principal thing for them to pay attention to was that prevention 
was better than cure. 'I'here could be very little doubt that the 
presence of a considerable number of conductors afforded a great 
deal of protection to the area in which it existed, as was shown 
in the instance of Paris. It was desirable, if possible, that the 
whole country .should be overed with conductors to prevent the 
discharge of flashes. There was no doubt that, though there 
might be room for improvement in the conductors, they had on 
the whole been right. 


THE INTERNATIONAL GEOLOGICAL 
CONGRESS^ 

II. 

T N order to understand the present status of the Con- 
**■ gress, and to forecast its probable future, we must 
briefly note the work done at the two preceding meetings, 
and compare that with the general results of the meeting 
just closed. At Bologna the greater part of the time was 
occupied with discussions upon the exact meanings to be 
attached to warious geological terms, and upon the general 
principles which should guide us in geological classiflea- 
tion. Certain rules were then laid down, which probably 
few authors have consistently followed, and which it is 
unlikely will be universally adopted. At Berlin the dis- 
cussions turned more upon precise questions of classifica- 
tion, especially those relating to the sedimentary rocks ; 
upon the lines by which various groups of strata should 
be marked oflT ; and, in some cases, upon the names by 
which these groups should be known. This chan^ of 
procedure was necessitated by the progress made with 
the international geological map of Europe; the material 
for such discussion on classification having been provided 
in the shape of Reports from various national Committees, 
of which that from England, presented by Prof. Hughes, 
was bv far the most complete. 

At the London meeting the classification of the Cambrian 
.and , Silurian strata was fully discussed ; and two other 
questions, only l%htly touched upon before, were here 
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cbnsidered in some detail'~tbe nature and oi^in of the 
cr3'sta'}line schists, and the upper limit of the Tertiary 
system. 

In Bologna numerous votes were taken, in Berlin several^ 
but in London none The English geologists were in a 
majority sufficiently large to carry any point upon which 
they were fairly well agreed, but no attempt was made to 
test this { and Prof, de Lapparent, in presenting a Report 
from the Committee appointed by the Council to con- 
sider the question of voting, paid a generous tribute to the 
English members for their self-restraint. There can be 
no doubt that the adoption of this Report marks an 
important epoch in the history of the Congress, and 
that resolutions hereafter voted will carry more weight 
than those which at present stand on its records. It 
recommended that members of the country in which the 
Congress meets should vote separately from the foreign 
geologists : if the votes of the two groups agree, the ques- 
tion will be taken as settled ; if they disagree, the further 
consideration of the question will be postponed. The 
resolution further recom mended that votes snould not be 
taken on questions which are purely theoretical — such 
questions to be simply discussed, and various views ob- 
tained ; and that decisions of the Congress should only 
refer to the more practical questions. 

Two Commissions of the Congress have existed since 
the Bologna meeting — that on the Map of Europe, and 
that on Nomenclature and Classification. The work ot 
the fcihner is plainly marked out, and much has yet 
to be done. The other Commission has,, .however, 
in many respects served its purpose : it has obtained 
Reports from the various national Committess, most 
of which have been ably summarized by Prof, pewalque. 
The future work of the Congress will partly lie in 
discussing these Reports, and in deciding questions 
in general classification as may aj^y IfO Wide dis- 
tricts, leaving minor points to 1^ worked out by ^ch 
country for itself. A Commission was therefore appointed 
with altered and somewhat wider powers ; its mn^tions 
will more fully shape themselves at the Congress in 
Philadelphia. As the future progress of the Geological 
Congress lies so much in the hands of this Commission, 
it may be desirable to record here the names of its mem- 
bers, which arc to some extent the same as those alrettdy 
iven (p. 519) for the Council of the London meeting, 
ut there are some additions and changes:— -Germany, 
Zittcl ; Australia, Liversidge ; Austria, Neumayr ; Helium, 
Dewalque ; Bulgaria, Zlatoski ; Canada, R. Bell ; Den- 
mark, Johnstrup ; Spain, Viianova ; United States, Hall ; 
France, de Lapparent ; Great Britain, Hughes ; Hungary, 
Szab< 5 ; India, Blanford ; Italy, Capellini ; Mexico, Cas- 
tillo; Norway, Kjerulf ; Netherlanas, Calker; Portugal, 
Delgado ; Argentine Republic, Brackenbusch ; Roumania, 
Stefanescu ; Russia, Inostranzeff ; Sweden, Torell ; Swit- 
zerland, Renevicr. Prof. Capellini was elected President 
of the Commission ; and Prof. Dewalque, Secretary. 

The Report upon the Map of Europe was presented to 
the Congress by Dr. W. Hauchecorne. This stated thepro- 

f ress which is being made. Four or five sheets of Central 
Europe will be ready for publication during the next two 
years, and it has been decided to publish the sheets as 
completed, each with its own tide and index, instead of 
waiting for the completion of the whole of Europe^ as 
was at first intended. A proof sheet (C iv.). containing 
a large part of Northern Germany, was exhibited; on 
this there are twenty-four different tints for the sediment- 
ary formations, three for the Archaean, and nine for the 
eruptive rocks. The map is on the scale of i ; i,^oq^doo» 
and will consist of forty-nine sheets. One colour is taken 
for each great group— Cretaceous, green ; Jurassic, blue; 
i&c. The subdivisions are shown by varknie modifi^ 
tions of these colours. As a role, the lower sabdtvieioas 
are shown by the darker tints, so that the map may be 
read with more facility than is usui% the case with 
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logical maps# The map of the British Isles was handed 
in for; publication at the clpsing meeting# ■ Very 
was given to the map in the public sessions of the Congress, 
but the Map Commission had three long sittings, the results 
of which will be printed in the official Report. The most 
important points arrived at were the adoption of the term 
Pleistocene for the index of the map (the German term 
to be bracketed with this)^ the separation of 
the modem deposits from the Pleistocene, and the map- 
ping of the latter wherever practicable, the underlying 
formations (where known) to be distinguished by coloured 
lines ; in modern eruptive rocks (those of volcanoes now 
active or only recently extinct) the stratified volcanic tuffs 
are to be distin^ished from the cinders and the scoriae. 

M. Kaminski has been the representative of Russia on 
the Map Commission. On this occasion he was not present, 
his place being taken by MM. Nikitin and Tschernicheff. 
The latter submitted an important note on the crystalline 
schists of the Ural Mountains, which would have 
enlivened the discussion upon this question in the public 
meetings of the Congress, He states that the crystalline 
schists of the Urals contain limestones with a distinct 
hercynian fauna, and also that the schists pass horizon- 
tally into Devonian strata. It is probable that in cases 
of this kind (and similar cases elsewhere were referred to 
in the public discussion) the schists will be represented by 
the colour denoting their presumed age, whilst their 
present lithological character will be denoted by coloured 
lines. M. Nikitin raised a point which is important in 
man); parts of Europe, but which is especially so in 
Russia— that is, the necessity of distinguishing transition- 
Seds, He insUnced the Volgian beds, which link the 
Jurassic with the Cretaceous ; the Tartarian, between the 
Pem^n and the Trias ; and others, spoken of by M. 
Nikitin as F^o-Carboniferous, which fink the Permian 
to the Csimsiliftrous. These transition-beds occupy 
imhiense are^ in Russia, and cannot well be fitted into 
the existing classification. | 

The discussion on the crystalline schists occupied the 
whole of the sitting on Wednesday, and part of that on 
friday. The material for this discussion had been pro- 
vided by a collection of papers printed in advance and 
distributed at the opening. Translations from parts of 
this polyglot pamphlet have now appeared in Nature. 
Essays in English were also contributed by five officers of 
the United States Geological Survey, with an introduction 
by Major Powell ; and by Mn Lawson, of the Geological 
Survey of Canada. One by Keusch, on Norway, also in 
English^ was received too late for printing in the pamphlet, 
but it will appear in the full Report of the Congress. 

This discussion derived additional value from the fine 
collection of rocks, maps, lectures, &c., illustrating this 
particular subject close at hand in the temporary Museum. 
The Geological Survey exhibited a large collection of 
^ks, maps, sections, 4 kc., illustrating the North-West, the 
Central, and the Southern Highlands of Scotland ; im* 
portant collections of British rocks were also exhibited by 
Bonney, Blake, Hicks, Callaway, Cole, Hatch, Rutlcy, 
Wunsch, and others ; foreign rocks were exhibited by 
Bell from Canada, Delgado from Portugal, Torell from 
Sweden, Reusch from Norway, Giordano and Mattirolo 
from Italy ; whilst maps, drawings, models, &c., illus- 
<J>»cus9ion, were exhibited by Teall, Baltter, 
Cadell, Ricketts, Lapwoith, and others. Spe:ial mention 
•houMbe made of the sphniid co lection exhibited by 
Heim, illustrating the deformation, crushing, &c., which 
the rocks of the Alps have undergone. AU these ex- 
hibits are described in the Catalogue (S4 pages with 
supplement of 4 pages). Several members of the Con- 
gress assisted in the arrangemem of this Museum, but its 
success was chiedy due to the labours of Dr. Hindc, Mr. 
Teallrand Mr. Rudler 

Jn liw foregoii^ notes we have not attempted to 
sumraMriee the discussions ; These were reported at 


some length in the Times and in other papers. We have 
preferred to devote the space at our disposal to a general 
survey of the meeting, and to note some points of im- 
portance which could not well be included in- a formal 
report of daily proceedings. As already stated, the dis- 
cussions may by some be held to have led to no defioitie 
result, inasmuch as no vote was taken and therefore no 
formal decision of the Congress can in future be appealed 
to. But the great value of such meetings lies in the 
opportunity afforded for personal discussion and the intcr- 
cnange of opinions, not only in the public sessions, but in 
the more easy and informal conversations over the exhibits 
in the Museum, in the corridors and reading-room, and 
at the friendly and social gatherings which made so 
pleasant a feature of the London meeting. We have no 
doubt that the general result of this meeting on geological 
opinion and progress will be at least as good as that of 
any which has gone before. 

The London Congress was particularly fortunate in its 
place of meeting. Within the walls of the University of 
London there was ample accommodation for all the re- 

? uirements of the Congress, whilst close at hand were the 
ermyn Street Museum and the rooms of the Geological 
Society. Unfortunately the Honorary President, Prof. 
Huxley, was kept away by ill-health ; Prof. Hughes, who 
has done so much for the Congress in England, was also 
unable to attend. The early death of M. Fontannes, who 
has so ably reported the proceedings of previous meetings, 
is a great loss to the Congress, and many fears were ex- 
pressed that his place could not be adequately filled ; but 
the labours of Messrs. Hulke and Foster in the Council, and 
of Barrois and Renard at the meetings, resulted in fuller 
reports than have appeared of any previous Congress. 


REMARKS ON. SOME OF THE MORE RECENT 
PUBLICATIONS DEALING WITH THp 
CRYSTALLINE SCHISTS} 

TN acceding fo the invitation of the Geological Congress to 
^ contribute to the disaission of the crystalline schists, the 
author expresses his regret that his time has not allowed him to 
throw new light by fresh observation on the points of con- 
troversy. f)lher labours have for a long time completely 
occupied him ; so that he has only been able to occasionally 
assist with advice a younger fellow- worker, Herr Emil Danrig, 
of Rochlitz, in his researches on the Saxon granulites. This 
work, which has but recently been brought to a close* and has 
^cn placed at the disposition of the mem^rs of the Congress, 
is recommended to the notice of those fellow-workers who are 
interested in these matters, for in it the granulite question haa 
been completely treated and advanced another stage. 

Prof. Lehmann still takes his stand on the results furnished 
him four years ago by his investigations on the old crystalline 
schists. 

The, on the whole, favourable reception of those investiga- 
tions assuredly indicates that the right path has been struck, and 
that an extension of our views on the crystalline schnu has 
resulted from them. This is also proved by the fact that tboac 
views have also been successfully applied in other places, ' tint 
in many cates the opinions advocated by the author have M 
been rendered quite correctly, cannot excite surprise. Svik 
misconce^ons were scarcely to be avoided. 

Prof. teJiBiiwq^' WrcnuousIy opposes the notion that hia 
generaliaatiw^ Wfere made without due consideration, and draws 
attention tb eeHain criticisms to which his work has been receiStly 
subjecfbfl. 

As si vf«!i 1^no#n, the 'controversy on the Saxon granulites 
turns bn qneation, whether their plainly developed parallel 
structure U fb Mf «|garded as true bedding in the sense of sedi- 
mentary depoilf^ll* or as of eruptive or plutonic origin. The 
same qaesildM ame in the dhicusrion or all other districts in 
which cry^aulne schists occur ; the solution, however, will by 
no means always be the same. It is beyond doubt that a whole 

« “^mwkung«n *u clnttea iwi«fr«n Arbciten Ubor KryaiidtlaUali. 
^efdge Qwttiae," by Pn>r J. Lehmann. Publt«h«d by the Jnti^nulku^l 
Oaoioglcal Congress, London, i889. (Abitraacd from the German by Dr. 
F. H. Hatch.) 
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fer>«s of crystfttKoe ftchi«ta are of sedimentaij ortnn, and it is a 
matter to be decided bf derailed investigation ^ich are to be 
considered . ns sedimentary and whtcb as eruptive or platonic. 
The results obtained by tbe author in the invest^tion of the 
Saxon *^Granuiitgebi^e" and some adjacent districts do not 
theirefore claim universS application. 

The tentative interpretations given by him were arrived at by 
the close ob'crvaVionof the field-relations of the rocks in question 
during a geological, survey extending over several years ; and it 
can DOW only be a question in how far the interpretation, which 
has been recognized with certainty as correct fur a series of 
phenomena, can be applieil to other phenomena intimately 
relj:ted to them. The author admits that here and there he has 
gone iomewhat too far in hts tentative interpretation. It was 
acaredy possible, in so difficult a question as the *' gtanulite 
■question, ' which to-day has not yet reached its final limits, to 
go just so far that later experience should find nothing tomo<.Ufy. 

But the description of the author’s work by J. Roth (in a paper 
on /obtenite, ’ read before the Berlin Akademie der Wissen- 
schaftCD on June 33 of last year) as " a marvellous agglomeration 
of the most daring hypotheses is scarcely justifiable. 

In Prof. Lehmanns investigations on the crystalline schists it 
has, for the first time, boen shown in the greatest detail that their 
present condition cannot he original, but must be one that has 
been influenced by the dynamic processes accompanying mountain- 
building. He is far fiom maintaining, however, that similar 
observations had not already been made ; and he readily 
acknowledges that eminent investigators of the crystalline 
achista, such as Kjerulf and Micbel-I.evy, had, at a much 
earlier period, made such observation'-. Wliat is new is the 
mode and method in which the author utilizes his observations. 
iResearches of this kind were sunk into oblivion ; the theory of 
the sedinaentary origin of the crystalline schists had become the 
ruling dogma ; and the Eozoott canaiiense had also made its 
appearance in Europe. 

Roth, in the pa^r referred to, maintains his old position, 
according to which the crystalline schists, including the phyllites, 
are platonic and unaltered forinatioua. 

The evidence advanced by him to prove that the stratiform 
gabbros, which he terms eobtenite, cannot V>e numbered with 
the eruptive rocks U insufficient. The occasional observation of 
conformable relations with other crystalline schists is inadequate. 
This does not, however, hinder Roth from regarding it as proved 
that the Zobten rock cannot be eruptive. The isolated fiatches 
of the old rocks that crop out in Silesia ate unfortunately 
extrootely confused. The stiatigraphical relations of these rocks, 
which are very highly metamorphosed, cannot be utilized to 
support either viea% and no hope is to be entertained of more 
favxmrable exposures in the future, 

prof. Lehmann's views on the Saxon granqiites have, in the 
ma^i been confirmed by the before- mentioned work of Herr E. 
Danzig. This work again shows how confused are the field - 
relations in the granuUte-district, and that few exposures permit 
of an indisputable solution. 

In the northern half of the Saxon district the granulite assumes 
a granular structure, and acquires a marked similarity to some 
** Wlded ” granites. These points have receiveil especial atten- 
tion from Ilorr K. Danzig, lie comes to the conclusion that in 
many places no sharp line can be drawn between granulite and 
granite ; further, that rocks, which belong undoubtedly to the 
granuUiea, pre'-ent, like the granitic gneisses occurring in the 
granulite-complex and interbedded with mica-schists, the character 
of eruptive masses. They contain included fragments, and im- 
pregnate these as well as their immediate neighbourhood. The 
supposition formulated by Prof. Lehmann at the close oI his 
rescarcbes in this district is thus confirmed — namely, that the 
Saxon granulite is a granite tnassi/^ which has been influenced in 
structure and composition by dynamic metamorphism. 

This confirmation of his work induces the author to explain 
why be cannot accept the views advocated by E. Reyer in his 
itewly-publijihed work on “Theoretical Geology.” Reyer holds 
the Saxon granulite- for “a moss of eru^iye granite 
iJilSaissaMsrmtss)^^ mantled ' over by ‘ tuffogenic^ xediments 
(granulite)* throu^ which granite dykes a<-c extruded from 
the centred maw ; while granite sheets (E/an/ftnfr^sse) are 
imercalaled betweop its beds.” Reyer might have gathered 
from the author's work that the Saxon granulites are, in the 
mam, by no means highly metamorphosed; on the contrary, 
they deviate very Hule* in part not at all, from the original 
structure of eruptive granite rocks. 


Bat apart from this, and without dwelling on the £ict that 
know aosoktely nottiing of the rocks underlying Saxon 
granulites, the supposition that the attemation or mica^fchlstS 
with granttllte or graidlic gneisses has been produced by an 
accumulation of suooeasive lateral eruptmns and 

precipitated sediments, cannot hold ^od. 

The theoretical considerations of Reyer, the utility of which 
is gladly recognized by the author, and which in many cases 
can be supported by direct observation, must not be allowed to 
prejudice our judgment. The actual facts must first be estab- 
lished, and in so doing we do not encounter the streaky and 
platy structures which characterize the direction of movement in 
magmas. We see, in truth, something quite different. The 
“t«dded” granite presents no zones of consolidation that 
follow closely the surrounding slates ; we see rather an extra- 
ordinarily uniform mass of granite at first traversing, in a dyke- 
like manner, the slates, but afterwards insinuating itself between 
them, in both cases enclosing fragments of the iraverred ruck. 
Where the granite was intruded as a dyke these fragments lie 
without order, but where it forms a sheet the flat pieces arc, 
almost without exception, arranged parallel to the walls of the 
dyke. We arc accustomed to regard granite, occurring as a dyke, 
as younger than the rock in which was formed the crack along 
which the molten rock ascended, without wishing to deny that 
it has existed, from the very beginning, deeply hidden in the 
bowels of the earth, and is therefore, in reality, older than the 
slates it traverses. Bui it has become customary to observe 
the convention ; indeed, it is necessary to do so if we do not 
wish to be involved in universal chaos. 

For the “bedded” granite it is no simple matter to prove 
that it is younger than its hanging wall. Attentive examination 
shows that the apparently conformable lK>undary has no such 
very conformable course ; that, further, the apparently sedi- 
mentary beds are sometimes distinctly detached, and turn out to 
be loose masses ; finally, a whole series of detailed phenomena 
show that wherever there have been dislocations, the granite has 
followed the opening and has impregnated the slates. How far 
such an impregnation can be assumed to have taken place is a 
matter for j^ersonal experience. 

In the granite dykes the inclusions and the boundary svirfaces 
of the slates present exactly the same phenomena ; only in this 
case the fragments do not all present a parallel arrangement. 

One would be driven to deny the possibility of strata or slate- 
mossc-! being split parallel to their stratification or their bedding, 
if we were to deny that the ** bedded ” granites do not as mu^ 
constitute a case of intrusion along cracks as do the obliquely- 
running granite dykes. Why should there not be, among such a 
number of granite dykes that run uncon form ably, some that have 
been formed by the in -filling of cracks (of seldom more thiw 
400 metres width) that follow the divisional planes of strati- 
fication or cleavage ? It in not to be supposed that these wore 
cavities, the wide sweeping arches of which yrere supported by 
the rigidity of the lateral rock-masses : as fast as the slates were 
separated the granite forced in its way, and filled up the crack 
as so<m as it was developed. 

This separation along parallel divisional planes and intimate 
impregnation with eruptive material, which can be followed in 
the minutest details with the greatest clearness, arouse the ques- 
tion as to whether the same phenomena have- asKUmed grefUer 
dimensions— 'dimen^iions that would still be trivial in comparison 
wiih the masses erupted. The author has described several 
exposures in the Saxon granulite district that render any other 
interpretation impossible. 

KjeruU, Michel L^vy, and others have described very simiUr 
relations among eruptive masses. Michel - L^vy has quite recently 
given expression to his opinions in a “ Note sar Vorigine des 
terrains cristailins priraitifs,” and in a Note tur lex roches 
druptives et cristallines des montognes da I.yonnau).” Hki 
statement to the effect that the anihor and a portion of the 
German school assume a development of heat by the plication ctf 
the earth’s crust is, so far os the author is concerned, incoixect. 
Ofl the contrary, he has shown that a c mvtrsfon of motion 
into heat has left ro visible traces. He is quite at one with 
the French investigator as to the origin of the beat in the earth's 
crust. 

The chief requisite in the discussion of the crystattlne schiitt, 
is never to leave the soKd ground of fhets. and to pay partiettlhr 
attention to the collecting of these. If the staittmettM of mme 
authors are examined* ft must awake astonlshtnent to see with 
what poattiveness statements are made, which* eitbongh of tlio 
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O^reAt^impoftaAoe for the proper judgment of the geneBis of 
rocks, ^ do not corrcstKmd in the least to the facts, and by a little 
aftehtidn might easily have been avoided. I'he author has 
already had occasion to disprove the non -occurrence of frag- 
ments of clay-slate in the phylKte-|piei*s of Goldkronach in the 
Fichtelgebirge, as maintainea by Giitnbel. A few hours' search 
sufficed to ^lect the cleai-est examples of abruptly fractured 
and injected enclosures From this occurrence Gumbcl drew 
widely generalized conclusions. Whether it is endowed frag- 
ments or concretions that are contained by a rock, is assuredly of 
the greatest hnporrance for its proper expiicaiion. 

The author then refers to the Ober-Mittweida conglomerate, 
Roth has described , the pebble-like fragments enclosed in this 
rock, as concretions. The author cannot agree with him in this 
determination, and gives his reasons, which are mainly based on 
petrographicai considerations, why he does not do hO. 

It will hardly be denied that dynamic processes involved in 
moiintain-buitning, be the latter referred to whatever cause one 
will, have not only not been without influence on the structure 
of the rocks already in existence, but have also considerably 
influenced the distribution and the intrusion of the eruptive 
mas es. The observations which the author has published 
on the gabbrofl of the Saxon granuHtc district, on banded 
granuUtes, on the conglomerates of the Saxon Erzgebirge that 
have been metainorphused to mica-schists, and on Bavarian 

Pfahlschtefer,” have not been refuted, although their re- 
examination would not have been attended by any especial 
difficulties. 

The author then concludes by expressing the wish, that, in the 
further study of the crystalline schists, metamorphosed sedi- 
ments, which can, it is true, he altered to true mica-schists, but 
never to true gneisses of uniform structure, should be kept dis- 
tinct from those mica-schists of which wc do not know the 
origin, and from the tme granitic gneisses. If this he not done, 
the false conclusion is inevitable that sediments pass through 
mica-schists into gneisses. Metamorphosed, gneiss- like sedi- 
ments, in which allothigenic minerals like feldspar are associated 
with authigenic quartz and mica, and which are, to the author’s 
mind incorrectly, often designated gneiss, should be described 
as jjneissose grey wa eke, or as gneiss-grey wackc. Some such 
divisional line must be drawn if we are to obtain any enlighten- 
ment cm the structure and origin of districts composc<l of crystal- 
line schists and massive rocks. Dubious schists should be 
represented by a neutral colour, and not lumped in with the 
gneisses. The designation gneiss is meaningless as long as 
the most diversified crystalline and semi crystalline schists arc 
included under it. 

GneiBRcs, to the author’s mind, are granites possessing a 
(parallel structure, which is partly original, partly the result of 
a more or less intense pressure during;, or subsequent to, consoli- 
dation. Whatever else may be said, gneisses and granites are 
ibings that belong to the same categoiy, and the author cannot 
reconcile himself to their separation, with respect to origin. 

It cannot be natural to arrange in separate petrological 
categories eruptive granites and non -eruptive granites (gneisses), 
eruptive diorites and non- eruptive diorites, eruptive gabbros and 
non-eruptive gabbros, and to treat them from distinct points of 
view. Plutonic rocks do not differ from the similarly com- 
posed eruptive rocks, becaufe they have not left the place in 
which they were formed. ^ 

How the origin of the plutonic rocks is to be conceived — 
whether as the primordial terpcstrial cnist, or as produced by 
the melting down or dia^ntits of sediments, the latter supposi- 
tion involving logically a similar origin for a part, at least, of 
the eruptive rocks — are questions of which the answers arc at 
present less pressing, and which, with certitude, we shall probably 
never solve. 


THE STRATJGRAPHJCAL SUCCESSION OF 
THE CAMBRIAN FAUNAS IN. NORTH 
AMERICAN 

A REVIEW of the opinion of American geologists on the 
" succession of the Cambrian faunas shows that all have 
IbHowed the scheme pui>lisbed by Sir WHliatn Logan in 1855 

^ Ahtt^of itmarkamade by Chat. B. Walcott, of tha United States 
^fegleal Surwr, httfiMv the of ihe IntemathMw! Cebbgical 

«o«na of abcatsion <ai the Camhdw SyMem. 


(Geological Survey, Newfoundland), in placing the Para- 
doxides fauna at the base, and then in succession the Olenetlus 
and Ilicellocephaltis or Olenus faunas. 

The discovery of Olentllut Kjerulfi beneath the Paradoaidea 
zone in Sweden led me to re-examine the section of Cambrian 
rocks in New Vork, and finally to go to Newfoundland. After 
long search, I found a complete unbroken section on Maimel's 
Brook, Conception Bay, that showed the following conformable 
series : — 

Fest. 

a. Archsean Gneisses. 

1. Conglomerate resting unconformably upon a . . . 35 

2. Sandstone, shale, and impure limestone with 

OUnellus and sixteen species of 

the Olenellus ftiuna 4 S 

3. Greenish argillaceous shale ... 4*^ 

4 * ,, ,, 4 

c. Limestone 2 

6. Greenish argillaceous shales with an abundant 

Paradoxides fauna at summit ... ... 270^ 

7. Dark argillaceous shales, Paradoxides, Mkro^ 

discus punctatus^ Agtauius^ Conoeoryphe^ 
ficc., &c., near base ^95 

8. Alternating bands of shale and sandstone, with 

Orthis in great abundance ... 400 

Total 1071 

Dip of strata, 12'^ to 15® N, All strata unaltered and 
undisturbed. 

The above section proves that in North America, as in 
Sweden, the Olenellus fauna is beneath the Paradoxides fauna. 
ThU changes the American scheme of classification of the 
Cambrian system, and places it in harmony with that of Europe. 
The Olenelftis fauna in America includes 42 genera and 1 12 
species, and I now recall 4. genera and 20 species from Europe 
not known in America, which give a fauna oi 46 genera and 132 
species beneath the Paradoxides zone. 

The following table exhibits the succession of the terranes as. 
now known in America ; — 


1 


Table I . — Cower Siiurian {Ordovtciau) Sy situs. 

Subdivision. Terranes. Faunan. 

! Potsdam, Knox, 

I'omo, Belle Isle, 

f St. John, 

Middle Cambrian i Avalan, 

( Braintree. 

1 (jeorgia. 

Lower Cambrian < Prospect, 

f Terra Nova. 


} Dicellocephalua 
^ or Olenus. 

I 
i 

j-Olenellus. 


Paradoxides. 


A comparison of typical sections of the Cambrian system gives 
the following : — 

Table II. 


Sweden. 

Wales. 

Newfound- 

land. 

New York. 

Rocky 

Moonuins. 

Olenus zone. 

Olenus zone. 

Olenus zone. 

Olenus zone. 

Oivnus zjne. 

Paradoxides 

zone. 

paradoxides 

lone. 

paradoxides 

zone. 

Represented by 
other genera 
than Para- 
doxides, 

Represented 
by other 
genera than 
Parodoandes. 

Olenellue j 
tone. 

Unknown.® 

OlenelliM 

zone. 

Olenelliis zone. 

Olenellus zone 


It affords me pleasure to recognize the work of the Swedish 
geologists, and to fully doincide with their results, and thus 
hrmly estilbliih on the two continents the true order of 
succession of the oldest known Palaeozoic fauna. 


• Nome nropoied for new speews of Oleiielhis. 

“ Afttr thh paper was read, iW. Lapwortb ihowad nw 1 
Ohncllus like 0, Brifggtrit from Shropshire. 
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NOTES. 

W£ regret to have to record the death of the well-knowD 
traveller, Mr. William Gifford Palgrave. He died in hU sixty- 
third year at Montevideo, where he was British Minister. Mr. 
Palgr^ve will be remembered chiefly as the author of the famous 

Narrative of a^Y^r's Journey through Central and Eastern 
Arabia, 1863-63," ™OBt brilliant and fascinating books 

of travel of modern times. 

Dr. Carnelly, of tTniversity College, Dundee, has been 
appointed Professor of Chemistry at the University of Aberdeen, 
in the room of Dr. Brazier, who has resigned. 

The Emperor of Japan has conferred the Order of the Rising 
Sun, of the Fourth Class, on Mr. Thomas Alexander, Pro- 
fessor of Engineering, Trinity College, Dublin, for services in 
the Imperial University of Japan. 

Mr. Edgar Thurston, Superintendent of the Government 
Museum, Madras, expects to arrive in England early in October. 
We understand that Mr. Thurston has made some valuable 
collections of corals and other marine animals. 

Dr. Latham will deliver the Harveian oration at the Royal 
College of Physicians on Thursday, October 18, at 4 o*clock. 

The Exhibition held by the Photographic Society of Great 
Britain was opened on Monday at 5A Pall Mall East. It will 
remain open daily, and on Monday, Wednesday, and Saturday 
evenings, until November 14. Every Monday evening trans- 
parencies will be shown with the Society's optical lantern. 

The French Government has reorganized its system of war 
aerostation. Henceforward the detivity of the director of this 
department will be chiedy concentrated on the manufacture of 
captive balloons for the several corps d^armit and fortifications. 

Within a month a new central station for the electric light 
will be opened at the Palais Royal, Paris, for the shops, the 
galleries, the Conseil d'ltltat, the Cour des Comptes, the Th<?aire 
Fran^ais, and the Palais Royal. The building of the cave in 
which the engines are to he placed in the courtyard is almost 
finis bed. 

On Tuesday the seventh International Congress of Americanists 
was opened at Berlin, in the large hall of the^ Rathhaus, before 
a brilliant gathering of archmologisis. The opening address was 
delivered by Herr von Gossler, Minister of Public Worship, 
who warmly welcomed his hearers in the name of the German 
Emperor and the Prussian Government, and referred to the 
distinguished services rendered by the brothers Humboldt in 
unfolding the secrets of the New World. The Congress will 
sit till Saturday. 

At the recent meeting of the American Association for the 
Advancement of Science, Dr. Daniel G. Brinton read an interest- 
ing and suggestive paper on the alleged Mongoloid affinities ol 
the American race. He held that the asserted Mongolian or 
Mongoloid connection of the American race cannot be proved 
either by linguistics or by physical resemblances. Speaking ot 
the typical, racial American culture, he maintained that it is as 
far as possible, in spirit and form, from the Mongolian. “ Com- 
pare," said Dr. Brinton, “ the ricli theology of Mexico or Peru 
with the barren myths of China. The theory of government, the 
method of house-construction, the position of woman,' the art of 
wart are all equally diverse, equally un-Moi;^lian. It is use- 
less to bring up single art-products or devices such as the 
calendar, and lay stress on certain similarities. The doctrine ol 
the parallelism of human development explains far more satis- 
factorily all these coincidences. The sooner that Americanists 
generally, and especially those in Europe, recognize the absolule 
ontochthony of native American cidture, the more valuable will 
their studies become." 


The Ifollowing changes have recently taken place in the 
editing of German botanical journals. 11 m place of ProL de 
Bary, as editor of the Botaniseke Zeitung^ has been supplied by 
Prof. Graf zu Solms-Laubach, of Tubingen, who has recently 
succeeded the late Dr. Eichler in the Botanical Chair at Berlin ; 
he will act in conjunction with the late Prof, de Bary^s coadjutor, 
Dr. Wortmann. Dr. Kohl, of Marburg, has associated himself 
with Dr. Uhl worm in the editorship of the Botanischts Central* 
in the place of Dr. W, J. Behrens, who has been com- 
pelled to relinquish the editorship from the pressure of other 
engagements. 

The interesting and valuable reports on colonial fruit, which 
have been appearing in the Keiv Bulletin, are continued in 
the October number. Much information is given as to fruit in 
Sierra Leone, the Gold Coast, Lagoa, Natal, Malta, Cyprus, 
Ceylon, the Straits Settlements, and St. Helena. 

The late Mr. Samuel Miller, of Lynchburg, bequeathed to 
the University of Virginia 100,000 dollars, the income from 
which Was to be expended for “ the advancement of agriculture 
as a science and as a practical art by the instruction therein, and 
in the sciences connected therewith, of the youth of the country." 
A part of the income is to be used to maintain the work in agri- 
cultural chemistry already carried on at the University ; but, 
according to Science, the larger portion of the income will be 
spent in promoting instruction and research in biology. A 
biological laboratory is being fitted up, and the equipment has 
been ordered. The instruction will be by lectures, with associated 
laboratory 'Work, and will cover general biology, zoology, com- 
parative anatomy, and biology applied to agriculture. The 
Professor-elect is Mr. Albert H. Tuttle, recently Professor of 
Biology in the Ohio State University at Columbus. 

An interesting gas, allene, the isomer of allylene, the second 
member of the acetylene scries of hydrocarbons, has been 
obtained in the pure state, and its constitution thoroughly 
investigated, by Messrs. Gustavson and Demjanoff, of Moscow. 
Very little, and that contradictory, has hitherto been published 
concerning this gaseous hydrocarbon, which differs so remark- 
ably from ordinary allylene, and yet if represented by the same 
empirical formula, €*114. The new method of obtaining it I 
very simple, consisting in the action of zinc dust upon an 
alcoholic solution of dibrom -propylene. Practically one starts 
with glyceryl tribromide, CsHsBrg, allowing it to gradually 
drop from a stoppered funnel into a fiosk containing pieces of 
caustic potash, and connected with a condenser. The flask is 
heated m a paraffin bath to about 150* C,, when the propylene 
dibromide distils over as an oil of acrolem-like odour. When 
the requisite quantity of the glyceryl iribroraide has been added, 
the temperature is allowed to sink to 130“, and water run into the 
flask. On continuing the distillation the rest of the oil passes 
over in the steam. The dried and re-distilled oil U tfien used 
for the preparation of allene. It is allowed to slowly pass in 
drops into a second flask furnished with an upright condenser, 
and containing zinc dust and 80 per cent, alcohol. The flask is 
heated in a water-bath, and after about twenty drops of the 
dibromide have entered, the evolution of gas begins, and may 
be nicely regulated by the speed of dropping. The gas passer 
by a leading tube from the condenser, and may be stored over 
water in a gas-holder, being far leH soluble than allylene. Tbe 
gaseous allene thus obtained is colourless, has a peculiar smell, 
reminding one of its isomer, and bums with a smoky flame. 
Unlike allylene, however, it yields no precipitate with ^.mveuy- 
niacal copper or silver solutions, but gives white pteoipitates 
with aqueous solutions of mercury salts. It , combines rapidly» 
under considerable rise of temperatoiie, with bronrinev forming a 
colourless tetrabromidc, liquid at ordinary tempemtOtesi 

with a campbor-like odour, but oondensing to a crystidllae mesa 
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at — In this reiipecti again, it diflfen from the tetrabromide 
of allylene, wbtioh remainn liquid ^hen aurroanded by a freezing 
mixture. The conathution wag Anally proved to be 
CZZCHg* aa expected, the tetrabromide being, consequently, 
CHjBr— CBrj—CH^Br ; while allylene possesses the consti- 
tution being, in fact, methyl acetylene, its 

tetrabromide being, therefore, CH,-“CBrj — CHHrj, a substance 
very differeat from the tetrabromide of allene. 

Invitations have been issued to each maritime nation to send 
one or more delegates to attend an International Maritime Con- 
ference to meet in Washington on April 17, 1889. The 
objects of the Confeeence will l>e to revise the regulations con- 
cerning vessels at sea, to adopt a uniform system of signals to 
indicate the direction in which vessels are moving in fog, snow, 
or thick weather, and at night, to convey warnings of approaching 
storms and other important information, and to formulate regu- 
lations for the prevention of collisions. The importance of the 
subject is so great that a full attendance of delegates is expected. 

In the Archiv licr uaiurunssemchaflL Latufesdurch/orschung 
von Sohnun^ Band vi. No. 5, 1888, is a valuable memoir by 
Prof, Franz KlupAIek under the title “ Untersuchungen iiber die 
Fauna der Gewasser Bohmens, Fart i, Metamorphose der 
Trichopteren,'* in which the transformations of nearly twenty 
species of Bohemian caddJs-dies are detailed, with illustrative 
figures and copious introductory general remarks on the internal 
and external anatomy of the Ui'vm and pupse. The author states 
that the larvA* may be divided into two sections, which he terms 

raupenformij^e*' ?iXiA “ campodeoid ” respectively, and which 
correspond pretty nearly wuh the divisions “ incequipalpia and 
*‘aequipalpia ” employed by systematists for the perfect insects. 
Prof, Klapalek has been very successful in breeding these insects, 
a matter always attended with difficulty, more especially with 
those forms that inhabit rapid streams and torrents. A further 
series of observations will appear next year. 

Some interesting prehistoric remains have been discovered near 
Basingstoke. Six urns have been disinterred, and stone imple- 
ments of very rude form have been found in the field in immediate 
relation with the vesselu, although none have actually been dis- 
covered buried with the pottery. The site of the interments is a 
Aeld adjoining Dummer Clump, a conspicuous landmark in the 
parish of Dummer, and near Kempshott Park, the seat of Sir 
Nelson Rycroft, who is the owner of the estate. A shepherd 
was pitching hurdles, when the bar came in contact with a large 
atone, which, on being removed, was found to have covered two 
very rudely-formed vessels, of which the under one was pro- 
QOuticed by Dr. S. Andrews, of Basingstoke, to contain human 
bones which had undergone incineration. Subsequently, an- 
other um was removed, bf a much coarser character, bearing a 
band round the base of the rim ornamented with sunken dots. 
All the vessels are hand-made and apparently Are^baked, and 
the larger ones have suffered some damage from the plougli, 
which must have repeatedly passed over them. 

The new number of the /nternatioHaliS Arc/iw fur Elhno^ 
grapkU (Band i. Heff 5) will fully maintain the reputation of 
this excellent periodical. Among the contents are an article on 
arrows from Torres Straits, by Dr. M. Uhle ; a note on a 
singular mask from Boissy Island, North-East New Guinea, and 
queries on the lizard in the folk-lore of Australasia, by Prof. 
H. H. GigUdli ; and a paper on the chewing of the betel-nut, 
by K, Grabowsky. llie coloured Uktstrations, as usual, are 
admirable. 

FiitttiNa is to be resumed this season at the Sild oyster- I 
tMMiliSt on the coast of Jutland, which have been preserved for six I 
yeaht.‘ The ^ters ere reported to be plentlAil and in splendid 
otmdlritML '' 


The additions to the Zoological Society’s Gardens during 
the past week include a G rivet Monkey (CercopithecHs griseo^ 
viridis d ) from North-£kist Africa, presented by rA)rd Archibald 
Campbell ; a Rhesus Monkey {Macacus rhesus 9 ) from India, 
presented by Major Dudley Buckle, R. A. ; a Bonnet Monkey 
{Macacus stnicus i) from India, presented by Mr. G. C. 
Gosling ; two Sooty Mangabey Monkeys {Qenocebus fuUginosus 
9 9 ) from West Africa, presented by Mr. Eldward Felton, R.E, ; 
an Ocelot {Ee/is fardaUs d ) from Pernambuco, presented by 
Mr. E. Percy Bates; a Weka Rail {Ocydromus australis) from 
New Zealand, presented by Mr. H. Lindsay ; a Rose crested 
Cockatoo {Cacaiua molucctnsi's) from Moluccas, presented by 
Miss Eve ; a Puffin {Fratermlaarctica) from Cornwall, presented 
by Mr. J. Muir Drew ; a Common Snake ( Tropidonotus natrix)^ 
a Common Siowworm {Anguis fragilis\ British, presented by 
Mr. P. S. Hutchinson ; a Common Viper British, 

presented by Mr. A. H. N. Smith ; four European Tree Frogs 
{f/yia arborea}^ European, presented by Mr. Lionel A. Williams ; 
two Grivet Monkeys virtdis d ) from North- 

East Africa, deposited ; a White-backed Trumpeter {Psophia 
leucoptera) from ilie Upper Amazons, received in exchange ; 
two Collared Fruit Bats (Cynonycterif coilai'is\ an Axis Deer 
{CervHS axis d ), a Canadian Beaver {Castor canadensis)^ four 
Chilian Pintails {Dafila spinUauda)^ bred in the Gardens. 


OUR ASTRONOMICAL COLUMN 

The Satellites of Mars.— These faint objects have been 
successfully olwerved, during the late opposition, with the great 
telescope of the Lick Observatory, The. building operations 
prevented iJie observations being carried on systematically, but 
measures of distance and position of one or both aatelliies were 
obtained on nine evening^! between April 9 and April 28, and 
Phobos was seen as late as July 18, when the theoretical bright- 
ness of Mars was but one-tenth of what it was at the opposition 
of 1877, or one-fifth of what it will be at the coming opposition 
of 1890. A preliminary reduction of the observations gives the 
following corrections to the tiroes of elongations as given by Mr. 
Marth in the Monthly Notices of the Royal Astronomical Society, 
and by the American Nautical Almanac respectively ; — 

Marth. Ainericwi N.A. 

h. h. 

Phobos ... + 0-427 ... - 0*33 

Deimos ... -f* 0*020 ... -h 0*35 

Mr, Keeler, who made the observations, remarks (Astr, 
Journ.^ No. 178) that, so far as his estimates of the bright- 
ness of the satellites go, they support Prof. Pickering’s conclusion 
that Deimos is one half- magnitude brighter when on the eastern 
side of the planet than when on the western. 

Total Lunar Eclipse op Tanuarv 28.— No. 4 of vol. xviii* 
of the Annals of the Harvard College Observatory contains an 
account of the observations made there of the eclipse of the 
moon of January 28. The observations were of three classes — 
first, of the occultations of Dr. Ddllen’s list of stars ; secondly, 
of the variation in the actinic brightnews of the moon ; and 
thirdly, the search, by means of photography, for a possible 
lunar satellite. In this second inquiry Mr. W. H. Pickering 
found that the photographic brightness of the full earth was 
23 -6 times as great as that' of the full moon, equivalent to an 
albedo of i *7 times that of the moon. The diminution in bright- 
ness ascri^d to the moon during eclipse U most remarkable, 
Mr. Pickering giving the unecliiwed full moon as 1,400,000 
times as briMt as during the central phase, or about twice 
the ratio exTsting between the sun and full moon. In the 
search for the satellite a succession of photographs were 
takdn, the telescope being made to follow the moon’s motion as 
closely as possible, so that the stars were repreiented by short 
trails. A satellite would have left a trail inclined to the star 
trails and of a different length. The result of the search wu 
negative^ and as a satellite of the tenth magnitude, would have 
been registered on the plates, it appears probable that the 
itioan baa ho satelHte more than 200 metres in diameter, unless 
U was involved In the shadow of the earth during the ecUpsei or 
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was very dark, or was moving with the same speed amongst the 
stars as the spoon, bat in the opposite direction, in case 
it woaid have been mistaken for a star. 

PH<m)MKTiiic Observations of Asteroids.— It has fre- 
c^uently been suggested that the asteroiLls, shining by ^fleeted 
light, and subject, it might be assumed, only to variations the 
amount of which could be calculated for any required date, would 
prove specially asehil as standards of brightness in the photo- 
metric observation of the fainter stars. Mr. Henry M. Park- 
hunt has carried out recently a series of observations on ^eral 
of theta bodies, which throws considerable light on their suit- 
ability for such a purpose. His method of observation was to 
note the time which the asteroid took to disappear after passing 
a transit-wire, the telescope being stationary, and the fight of 
the asteroid or comparison-star suffering diminution either by a 
wedge or more frequently by a deflector — a piece of glass with 
nearly parallel sides, placed in the telescope tube, about one- 
seventh of the way from the focus, and covering half the field. 
The results of Mr. Park hurst’s observations, which embraced 
eighteen asteroids, and extended over nearly nine months — 
April to December 1887 — are given in No. 3 of vol. xviii. 
of the AnnaJs of tht Harvard CAUge Obstrwtiory^ and show 
that the asteroids are not appreciably self-luminous, and that' 
the sun undeigocs no notewortliy fluctuations in light in periods 
of a few days ; nor, as a comparison with observations made in 
some former years would indicate, in more lengthened periods. 
But they also show that the phase- correct ion is not covered by 
allowing simply for the decrease in the area illuminated — a further 
correction is needed, and one peculiar to each asteroid. In two 
coses also, Harmonia and Iris, several of the observations 
stand out in strong contrast to the rest, and appear to indicate a 
variation due to axial rotation, the planet probably being 
irregular in shape, or its surface in reflecting power. No varia- 
tion detrending, as in the case of Saturn’s ring, on the position 
of the asteroid in its^oibit, and the relative position of the earth, 
has been noticed, but this inquiry has only been extended to the 
four asteroids first discovered. The mean error of an obsepa- 
lion, when special phase correction and probable variations 
due to rotation have been allowed for, appears to be less for an 
asteroid than for the fixed star^ the mean error of an observa- 
tion of the solar illumination in the inquiry referred to above 
being given as o‘i i6in. 

New Catalogue of Variable Stars. --Nos. 179 and lio 
of Gouitfs Astronomical Journal contain a new catalof^ of 
variable stars by Mr. R. C. Chandler. Mr. Chandler Is not 
only a diligent observer of variable stars, the discoverer of 
several, anda zealous computer of the elements of thdr varia- 
tions, but several years ago undertook an important aUfd much- 
needed work, viz. the complete study of the bibHegraphy of 
known and suspected variaoles. This citalogue eoming from 
his hand, therefoi^, will be especially valuable, Irfid the more 
welcome since it is ihirteen years since Schonfeld published his 
second catalogue. Mr. Chandler puts it forward as merely a 
preliminary publication, a second more definiti^ being desi^d 
to follow AS soon as the investigations now ill hand shall have 
been completed. Tht present catalogue is oO mere compilation. 
Almost every star in it visible from the latitude of Boston has been 
observed by Mr. Chandler, who has also gathered together and 
discussed every available published observation. The catalo^e 
embraces S 3 $ stars, and these the variations of 160 are dis- 
tinctly periodic ; for 12 the periodic character is ill -defined, 14 
are irregular, 12 are Novx, and the remainder have been too 
little observed for ibe character of thi variation to be properly 
known. Of ihe 160 periodic stars, Ihc elements of 124 are the 
results of Mr. Chandler's own work, aa arc Schbnfeld's, and 14 
those of other computers after Mf, Chandler bad carefully edn- 
firmed them. A point sure to land eventually to an important 
advance in <mr knowledge of thi cause of variation has received 
much attention from Mr. Chandler, viz, the systematic perturba- 
tions shown by so many of tb# periods, and a table is given of 
these inequalities for 26 stara A useful novelty is introduced in 
the numeration of the stars ot the catalogue, for, in tead of giving 
them oonseentive numbers, Aach is distinguished by a Dumber 
eqai valent to one-tenth of its K.A. for the mean equinox of 
1900x1, expressed in seconds of time, thus securing that the 
numeration need not be disturbed by fresh discoveries. 

Minor Planet KOI 275, — This object has been named 
Sspieotia. 


ASTRONOMICAL FMBNOMENA FOR THE 
WEEK imlOCTOEER 7-13- 

/T7OR the reckoning of thak' the civil day^ eommnolng at 
' ^ Greenwich mean midnigtht, ecnmtlog the boon on to Hi 
is here employed. ) 

At GrutmUK on Oeiohtr 7 

Sun rises, 6h* 1301. ; souths, tih. 47m. 40*as. t seti« lyb. : 
right asc. on meridian, lah, 53'gjx ; dccU 5* 4°^ S. 
Sidereal Time at Sunset, i8h. 29m. 

Moon (at First Quarter October 12, 5h.) rise^. eh. l8m. ; 
souths, nh. 38m. ; sets, iSh. 46m. : right asti* on meridian, 
ilh. 44’6ro. : deck 10* 51' S. 

Ri^afoK. and dacUnaUon 

Planet. Rwes. Stouth*. Svti. on auridian. 

h. m. h. n. h. n. Ml in. , , 

Mercury.. 8 47 ... 13 19 ... I 7 51 ... 14 257 ... r7 34 S. 

Venus ... 8 27 ... 13 17 ... 18 7 ... 14 23*4 ... 14 7 S. 

Mars ... 12 18 ... ID 3 ... 19 48 ... 17 9*5 ... 24 33 

Jupiter ... JO 50 ... 15 2 ... 19 I4 ... 16 9’2 ... 20 28 S. 

Saturn ... o 46 ... 8 16 ... 15 46 ... 9 21$ ... 16 17 N. 

Uranus... 6 27 ... 11 59 ... 17 31 ... 13 5*2 ... 6 17 S. 

Neptune.. 19 10*... a 56 ... 10 42 ... 4 1*3 ... 18 54 N. 

* Indicates that the riakfn ** ^hat of precvdii^ avenins* 

Occnltations of Stars ky the Moon (visible at Greenwich). 

Commndinx 
anfleftnom Tir- 

Oct. Star. Mag. DUapi. R«ap. Sax to right fiat 

Invert tmaga- 

h. m. h. in. „ ^ 

11 ... B.A.C. 6524 ... 6J ... 20 35 ... 21 17 ... 72 o 

12 ... B.A.C* 6889 ... 6 ... 19 53 ... 21 6 ... 110 311 

13 ... 30 Capricorni ... 6 ... 19 5 ... 19 55 ... 153 240 


Oct. 

h. 


7 .. 

. 4 ■ 

Venus in conjunction with and 5^ south 
of the Moon. 

7 •• 

. 5 • 

Mercury in conjunction with and 8 * S'-' juth 
of the Moon. 

8 .. 

. 6 . 

Mercury at greatest elongation from the 
Sun 25° west. 

9 - 

. I . 

. Jupiter in conjunction with and 3** 33' south 
of the Moon. 

9 .. 

. 22 

Mercury in conjunction with and 3* 9' south 
of Venus. 

10 .. 

3 . 

Mars in conjunction with and 4* 38' south 
of the Moon. 

10 .. 

. 13 . 

Uranus in conjunction with the Son. 


Saturn, October 7. — Outer major axis of outer ring » * 

outer minor axis of outer ring == 9" ‘8 : southern surface visible. 
Variahlt Stars, 


Star. 

lUA. 

Dacl. 




b. v. 



h. ». 

U Cephei ... 

... 0 sa-4 .. 

81 16 N. 

... Oct. 

6, 3 5* w 
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GEOGRAPmCAL NOTES. 

A TBtvaitAM from Mr. Joifcj* ThomwMi, dated Mogador, 
SepWmber tp, re^rts that he haa been successful beyond ex- 
pettawon in hii exploratioo of the Atlas Mountains. He left 
Mdr^co ciw on August 27* and after being driven back from 
tfcfe Urika Valley to the soath-eaat of the city, he proceeded 
e^^ards, and succeeded in crouing the range southwanU from 
lAimtanist into the Sds district. From Iteaaya he ascended the 
mein mnge to nearly 13,000 feet. Mr. Thomson intended to 
return to Hava for a few days, and afterwards to proceed north' 
Uards^ to Fez, Mequinez, and Tangier, returning home about 
the middle of December. 


The Report for 1887 of H.M,‘s Special Commissioner for 
Hjdtish New OiiltieiL contains information of considerable geo- 
graphical interest. This is especially the case with the Report 
of Deputy-Commissioner Milman, who has charge of the western 
district, lying between the Dutch boundary and the Aird River, 
Mr. Milman refers to the discoloration of the sea about the coast 
lietween Tnlbot Island and the Fly River, due, doubtless, to the 
vast bodies of fresh water that empty into the sea from the Fly, Tait, 
Katoer, Mai-Kasaa, and otherri vers. The Fly River, as far as it has 
been ascended by Mr. Mtlman, is thickly populated with a purely 
agricultural and hunting people, living m large communities ; 
while some houses in the villo^ are over 200 feet in length. As 
the river is ascended, traces of careful cultivation are seen here 
and there on the banks, the gardens or plantations being kept 
free from weeds, and planted with crotons and other bright- 
leaved rfirubs between the bananas or other fruit-trees, besides 
being systematic] ly irrigated by dykes cut at r^ular inter- 
vals, wnicli, filling at high water, remain full as the water 
recedes. About 60 or 70 miles above Soomnioot several large 
creeks or rivers join the main river, but whether they are 
fiewing into the river, or only form other mouths of this vast 
system, remains to be proved. The shores of the Fly River, as 
far as Mr. Milman ascended, are uniformly low, but owing to 
its g^t width he is inclined to think they are not subject to 
inundation. A tidal wave or bore, according to Mr. MUman, 
ascends the river, but only on the right bank, which accounts 
for previous visitors not having noticed it. A marauding tribe 
coming from the westw’ards have been in the habit of making 
attacks on the ticonle in the neighbourhood of Sabai Island, 
but the exact l(>c.aiity they come from is a mystery, ilicir 
langui^e and customs arc entirely different from those of 
the Sabai Island people. They had probably never seen 
a white man until the Rev, K. B. Savage (who happened 
to be at Sabai when their lights were seen on the mainland) 
fcrlessly visited their camp, and tried to bold some intercourse 
with them. He describes them as a much bitter race than the 
ren of the New Guinea natives, and as having long straight 
hatr, while some of them have their nasal-bone pierced in three 
Ijiaoes, into which are introduced pieces of bone or shell. They 
appeared entirely unacquainted with fire-arms. Civilixation has so 
far advanced at Port Moresby that a reading-room hu been 
erected, in which the Times and other English journals are kept, 
a hotel has been opened, and a supply of water laid on by means ! 
of pipes to the native village. 


A Russian scientific explorer, M. K. Nosailof, has recently 
returned to ArchangeUk from Novaya Zemlya, where he 
spent a year, from the ammner of 1887 to August 1888. He has 
brought with him rich botanical, zoological, and minermlogical 
coRectiona, and means 10 nftum to the island soon, as he has 
resolved to devote five years to its exploration. M, NossUof is 
reined to hove di^vered beds of iron, copper, coal, gold, 
and satphur, some of which, he believes, could be profuably 
worked. Among other reSnUs obtained by him are many iii- 
tenaiji^ <A>M^tion8 on't^ utitaal, espccsatly the bird, IBe of 
the ^laSd, tblrteeti luonths meteorological ob^vationa, surveys 
coverini 2500 square kltotsetres of iSSi, observations on the 
icevcondtuon* of the east and west coasts, and laj IcUometres 
^ c^ ^cy. He has, moreover, diwiovered ihret new 
isUnds. ,&nteg the winter and epring, M. NossRof undertook 
eiOTWictts ^ the Kara and he hopes by-and-by to 
oodendhe a series of soundings as far as the Riv^ YenUsei. 
^ he Intends to fix bh atujon at the 

east east srf Mw Ot e hkin Schar, and to estabtl^ the ta a second 
making exeucsioDS alottg the ooait and 

wto the hateridt; 


. ELECTRICAL NOTES, 

The Volta Prize of 50,000 francs has been awarded by the 
l^r^cn Institute to M. Gramme for his labours in introducing and 
perfecting the continuous-current dynamo. The prise is given to 
the inventor who has farmed a memorable epoch in the history 
of electricity. M. Gramme is a Belgian by birth, but a Parisiati 
resWence. He is entirely a self-taught, self-made man. 
Although Gramme was anticipated by Pacinoiti, his invention 
was entirely independent, and Pacinotti’s was oomplp t^ly dormant, 
wd would probably have remained hidden and unknown but for 
Graimpe’s success. No one will contend that the’ prize has not 
been richly deserved. , , . 

CoNstDEUABLE attention has recently been^dr^wn to some 
experiments l>y Chappuis and Maneuvrier, in 'Paris, on the de- 
composition of water by alternate currents. It' Is well to point 
out that the whole question was thoroughly threshed out by Sir 
Thomson in 1853, and his paper in the June number of the 
Titi/osfip/u^a/ Magaaine of that year gives all that is necessary to 
know on the subject. Jamin, in 1882, showed how electrolysis 
could be performed by alternate currents by inserting an arc in 
arcuit, the opposing E.M.F. of the arcs producing a partial recti- 
fication of the alternate currents. Mr. J. F. Kelley has just 
repeated the experiment in Newark, U.S. A. 

Mr. LoWRtE (B. A., 1888), showed how the insertion of an 
opposing E.M.F. in an alternating-current circuit enables electro- 
lysis to DC effected and how it could be utilized to measure the 
electrical energy consumed in electric light installations. If a 
decomposing cell of copper sulphate, and a constant E.M.F. 
such as a secondary cell, be inserted in the circuit, the current in 
one direction is assisted, while that in the reverse direction is 
opposed, and the cell is acted upon by the difference ; an average 
current fiowing, depositing copper at the same rate as if no alter- 
nate currents were present. 0*23544 gramme of copper is deposit c<l 
per kilowatt-hour, or every gramme of copper deposited means 
4*205 kilowatt-hours expended. 

Prof. Ewing {PhilosophioMl Magazim^ September 1888) has 
publUhed, with addiiions, the pa[.»er read by him aji<l Mr. Low at 
the Manchester H. A. meeting, on the influence of a plane of 
transverse section on the magnetic permeability of an iron bar: 
A joint between two portions of au iron core possesses distinct 
magnetic resUtance even when the surfaces are true planes. 
Compression reduces this resistance in the rough face* and 
eliminate* it when the faces are true i>Jane8, In all ca*cs the 
resistance greatly diminished as the point of saturaiion was 
approached. A film of gold leaf interposed between the faces 
and compressed has only a very little iniuriou* effect. Compres- 
stoa, however, reduces the permeability of the solid core for 
moderate magneuziitg forces, though the contrary effect occurs 
when the magnetization is strong. Villori found the same 
reversal in the case of longitudinal pull, but in the opposite 
direction. 

^ Lord Rayleigh (B, A., 1S88) has been endeavouring to 
discover if an elearic current flowing through an electrolyte 
causes the velocity of light to vary through the liquid. He 
experimented with dilute sulphuric acid. The result was negative 
within the range of the experiment, which wo* extremely daficate. 
In H^SO* diluted, one ampere per j-quare centimetre does not 
alter the velocity of light by one part in thirteen millions, or by 
IS metres per second. 

It is estimated that in the United States there are 5351 electric 
liglit plants and stations working >92,500 arc and 1,915,000 
gh>w lamps, and oorksuming 460,000 hurse-power. There are 
Uiirty-ibur electric railways, 138 miles in length, run over by 
223 motor cars using 4180 horse power. 

Sir William Thomson (B. A.. 1 888) dealt with the 
diffusion of rapidly alternating electric currents in the substance 
of homogeneous oooductors. The surface is affected first, and 
the depth to which the disturbance penetrates depend* on the 
frequency of the alternations. With a frequency of 150 per 
second a cylindrical oopp^ conductor is said to be penetrated to a 
depth of 3 ram. Hence, if this be true, conductors for powerful 
alternating current* such as are used in the Gaulard and Gil^ 
system, should be tubes or flat bars with a thickness of 6 mm. 

TRoovelot has by photomophy obtained effects which lead 
to the eoncluslon that flashes of lightning may last several 
seconds. He gave his apparnius a Uight borizonta] disploce- 
menl, and found a broad ribbon-shaped band on his plate. 
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NOTES ON METEORITES.^ 

IV. '■ 

MetioriUs are Bodits which ^ like ihe Earth itselj, revolve round 
the Sun. 

£ have ie^a thM the phenomena >vhich accomp'iny meteontea 
' * enterinjr gf^Nr ak, whether they are sooh burnt up and jjjflve 
rite only to th^ appearance of a shooting or falling^ «ttr» or 
whether they are bulky enough to withstand the melting proeess 
till they (each the earth's snrfacef are similar. We iare ftow in 
a position to discuss the origin of all these phenomena on the 
assumption that they have a common cause. 

It is not 50 many years ago since the planetary spaces WKre 
supposed to be nntenanted by tithing more tanpble than that 
mysterious fluid called ether. This notion is exactly represented 
by the French equivalent for those spaceS| ie vide /^kin^taire. 
Hence, not to mentipu imagined supernatural causes — such, as 
that, for instance, em^died m the tradition that Saint Lawrence, 
on the anniversary of his , martyrdom (August lo), shed bumtixg 
tears — the cause of the phenomenon was ascribed to atmospheric 
perturbations, exhalations of px\\:hinr^,tg-ues/atftit and so forth. An 
account of the August shower of 1857, even, published in the 
Bulletin de VAeadimU Royale de Belgique^ is accompanied by a 
minute record of rain, temperature, atmospheric electricity,, &c. 

Leaving out of consideration the opinions of the ancients,^ 
amono; wTiom Anaxagoras and Seneca may be especially meo' 
tioned, as being in favour of a coamical origtn, it may be pointed 
out that Kepler ^ regarded meteorites and snooting-stars as akin, 
and derived both from the ethereal regions. 

Halley was the next to express an opinion that shooting-stars 
were of cosmical origin, but to Cbladni belongs the cr^lt of 
having broached the theory Which modem observations have so 
abundantly justified. ' This theory was that space was full of the 
matter which, attracted by the earth, entered its atmosphere, 
accompanied by luminous cflTects only in some cases, and by 
actual falls of the matter in others.® The general acceptance of 
this view was retarded by Laplace and otimrs, who saw a more 

K obabJe origin for the phenoaoena by Suppodog meteorites to 
masses shot out of kiiuMr volcanoes. The fltst step in the 
demonstration of suoh an origin, which is now universally 
accepted, was made when CMadni,^ in 1794, show^ that 
no known terrestrial .amey was capable of producing masses 
like the meteorites vhm md been seen to fall. At his and 
Lichtenbergh's suggestion, Brandes and Bensenberg in 1798 
showed that, whatever ^ey appear to do, shooting-'stars never 
shoot upwards, but. always downwards towards the earth. At 
the same time he showed the similarity of phenomena presented 
by fire-balls, sbooting-kats, and the Tall or meteorites, to which 
we have already caUed attention. He ^bsequently returned 
to and strengthened this view 

** Should It be asked hpw such masses originated, or by what 
means they were brought into such an insulated positioD, this 
question would be the same as if it werq asked how thOf planets 
originated. Whatever hypothesis we mkyform, we roust either 
admit that the planets,' if we escept the many reyolutlons which 
they may have undergone, either on or near their surface* have 
always been since fheir first formation, and ever will Im, the 
same; or that Nature,' acting on created matter, possesses the 
power to produce Wikldsand whole systems, to destroy.them, and 
from their materials fo fbrih new ones. For the> latter, opiniop 
there are, indeed, more grounds than the fbrmef, M (^Iternatipns 
of destruction and crMtioU are exhibited by all or^nieed iind un- 
organized bodies on our earth ; which gives us reason to suspect 
that Nature, to which greatne^ and stppllness, considered in 
general, are merely relative terms, can produce more efifbets of 
the same kind on a larger scale. 

** But many variatious h^ve been observed, On distant bodtU^ 
which, in some measure, render the lost opinion probable ; for 
example, the appearing and total disappearing of certain stars, 
when they do not dep^ upon periodical changes. If we Uow 
admit that planetary bodies have started into existence, we can* 
not supple that such an event can have otherwise taken place, 
than by conjecturing that either particles of matter, which were 
before dispersed throughout infinite space, in a more soft and 
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chaoric condition, have united’ ft^hcr in Urge masses, by the 
power of attraction i or thdt planetary bodies have been 
formed from the fr^naents of Urger ones that have been 
broken to pieces, eitficr perhaj^^home external shock, or by 
an internal explosion. , Let whichever pf these hypotheses be the 
truest, it is not improbable,ttOr at ledlst Contrary to nature, if we 
suppose that a large quantity of material particles, either on 
account of their too gi^at. distance, ,qr because prevented by a 
stronger movement in another direction, may not have united 
themselves to the larger accumulating mom of a new world ; but 
have remained insulated* and, impeUed by some shock, have con- 
tinued their courec through infinite s^ce, until they approach so 
ni^arto some platiet asto d>e within the sphere of its attraction, 
and then by falling down to occasion the phenomena before 
mentioned. 

It is worthy of remark that iron is the principal component: 
part of all the masses of this kind hitherto discovered ; that it 
IS found almost everywhere on the surface of the earth as a com- 
ponent part of many substances in the vegetable and animal 
^KiOgdom ; and that the effects of magnetism give us reason to 
conclude that there is a large provision of it in the interior part«^ 
of the earth. We may therefore conjecture that iron in general 
ib the principal matter employed inf he formation of new planetary 
bodies ; and U still farther probable by this circumstance, that 
it is exclusively connected with the magnetic power, and also on 
account of their polarity may be necessary^o these bodies. It 
also probable, if the above theory be jpst, that other substance^) 
contained in such fallen mosses, such as sulphur, siliceous earth, 
manganese, &c., may be peculiar, not to our globe alone, but 
may belong to the common materials employed in the formation 
of all planetary worlds ” 

This paper of Chladni's, it will be seen, dates from just 
before the beginning of the present century. 

The subject was invested with a new interest in 1799, when 
the great Humboldt, who was then travelling in South America, 
saw an enormous quantity of shooting-stars covering the sky. 
In his long account of the shower in his ** Personal Narra- 
tive,'* he states that, from the beginuing of the phenomenon, 
there was not a space in the firmament equal in extent to three 
diameters of the moon that was itot filled at every instant with 
bolides and falling stars ; while he was locally informed that 
during a previous display in 1766 the inhabitants of Cumana 
had beheld the neighbouring volcano, Cayamba, veiled for an 
hour by a similar dis^day. 

In the next display, observed in the yw 1833, 340,000 meteors 
were computed bv Amgo to have been visible above the horizon 
of Boston on tne moming of November 1 3 ; while Mr. 
Baxendell, who observed the shower from the west coast of 
Mexico, States that *' the number of meteom seen at once often 
equalled the apparent number of the fixed stars seen at a glance.*’ 

Olmsted, when he bad witnessed the shower of 1833 (a shower 
heralded and followed by less brilliant displays in 1831-32 and 
*834-95-36), and when, moreover, . he had compared the 
phenomena with those recorded by Humboldt and Bonpland in 
1790, announced the View, which has since been so brilliantly 
bonfirined— that the appearances are due to the passage of the 
earth through a storm, so to speak, of planetary bodies. 

This was the first blow given to le vide flanitaire. Space, 
instead of being empty, was full of b<^ies, some of them 
being congregated into -rings, each body Composing the ring 
revolving like a planet rbuhd the sun. In fact, these rings may 
be compared to tans^ble orbits ; indeed, they almost realize the 
schoolboy's idea of an orbit, as a considerable part of the path U 
occupied by a string of little planets, white in the case of our 
earth’s orbit, for instahoe, each point of thb path is occupied in 
subcession only. 

" Still Olmsted did not accept the view that the falling stars 
were of the same nature as raetebrites, 

01m*ited also noted that, however nummus the falling stars 
might be, or in Whatever direction they appeared, or what- 
eWer the apparent lenmha of their puthb, the linfes of motion 
of these paths, retraced along the sky, nearly all found a ^mmon 
focus of etnanation or visual crater of projection amoug ihe fixed 
surs. This has since been called the radiant point. 

The most salient fact, noticed even by thoee who did not see 
it« significance, during the subfoquenl display in ]86d, was tlifit 
all the meteors seemed to come from the same regibh of. the sky* 
Among ell those oeen by myself from 1 1 p.m. on Tbesdlty till 2 
a.in. on Wednesday morning, two only were exceptkiis. to fHe 
general direction. In fact, there was a regkm In whidiL 



Oti, 4, id88] NATURB. 

■ I ilil, tin I , I “ — 


557 


m«teor8 gtppeored trainlets, and Millie otik t moment like to 
ikumyttam* becauee they opproacbin^ us. Near 

tfaie spot they were so numero% , dll so foreshortened, and 
for the most port foint, that t% i^y at times put on almost a 
{diosphorescent appearance. A$ the eyt travelled from this 


region the trains became longer, those being longest as a rule 
which first made their appearance overhead, or which rended 
westward. Now, if the paths of all had been projected back- 
wards, they would have all intersected in one region, ^md that 
region the one in which the most foreshortened ones wete seen. 



Fjo. 7.— Hie radhmt point of the November metron. 



Fio. S.^Radia&t point of long daradoe (OcMier-^NoveniborV Deaoing* 


$6 decidedly did this fact coqne out that there wm -moments in 
which the meteors belted the sky likf the meridians on ,a terres- 
tHal globe, the pole of the globe being represented by a point in 
the ooiistellaiion Z^. ' In tact, they all se«me4 to liuiiatt from 
that p^t, add mUwi pQini, as we have seed, is precisely the 


name given to it by astronomers. Vanishing point, if the bull 
were permissible, U a term which would represent the foct 
rather than the appearance which is an effect of perspective ; and 
hence we gather that the paths of the meteors are parallel, 
or nearly so, and that they come therefore from one point 
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in the. sky. The poirit from which they proceed in the of 
swann we are now considethvjp Tiea m the constellation' X^, 
^uated 'in longitude 14^* and tatjtude S*^3o'N., according to 
Prof. Newton, 

The radiants arc generally of ehort duration^ but Mr Denning 
Ran ahown that there are casea in which falling stars emanate 
from the same part of the sky for lot^ periods of time. 

One of thefp loi^-dsH«uoa ladw^ het^p Auriga and 
Taurus is shown fti t^'accpiie^iil^fliiig^i^ 8)» 

The next poiatr tot by CHaiated, w«t that 

during a displey the ^th the stars across 

the heavens. Iliis is a&offti^WfNigt ingumeni ht favour of the 
cosmical tbeoiy. 

Meteors which are iiftrtriigMi e c c awn i i a tt y ohserred, as we 
have seen, are caUed spfiw(» MCeors, bat ht addition to these, 
which we may 'rechop to SpC'CVOT night, there are at certain 
times of the year very wA Jtpowtt wls ; so we^Mtnown that ^e 
can say at once Vithof 1^ fatling 

stars will be se^n than m viail^ • *mse are termed 

systematic mcteot|;, send whkh Wf^ have jost reforred 

as appearing in' No'^l^ilgW or Cla^ . 

From 1833 tb via vaphfiv noonmhlated tndlcaf^ 

ing that a very tans^ of the imootll^-atars observed 

tic-^rthat fito 


say, that at 


were not sp 


certain penods|of tht^warnwftem might be empeetad to diveige 
from their appc^bco'ip a pmtkwkr part of the sky, and m 
greater numbem fioip Qiat |»rt 


* AuL- ..... t.'., 

' . Tho j 
records^ 
or the 

were independent 
e^h's 

lidw a more ( 
afforded. 

Wo may coA' 
inqalM W 

whhdt grres 

NOwtbtt. ai^’'^ciM^ 
from iLD. 

tisat time 

historian^ Abtt 4 *Ahhu'od’ 

8tar*^wer.of the year t^ nf 

the white ^metc mrtmoiiierB 1 ^ ^ ^ 

timu hi w 4 ^h the metoiws appMrd ^weiiik^oiplshed from the 
sight 1' — ‘ , < 'V 

** In the yeOr 599^ ob ^ loot da|j^ Pf Hi^meam, stars shot 
hither ai^ thither, attd dw one Ogafatt^^^^ a swarm of 

docu$ts|lhi8 phoaomenoh gntll do^ihrib^ people were 

thrown into constematioii* and omo importMte supplications 


ohowors in the oasly 
of date in one diwc^hm 
bated that the 
^^-that is to say^ of the 
diifCtcuU to uskderdnod 
cosmical origin could be 

this point to 
of meteorites 

Records, dating 
iree years since 
>ld. The Arab 
the November 
llowing words, 
the constella- 


to God &e most High ; them' Wai ttwver't^Ui^ except on 

of the messenger of Cbd-^Hsa Whom be ben 


the ^ming out 
diction and peace. 

Thb table for the November 
shows what the result of seardduf the 


fkom Prof. Newton, 
records was ; — 



Via. 9.— Pofeitioa ef tb« leagitdusadau mMmt anong the siecf. 


During these yean a conaMkrii^ number of fadunt points 
had been made oOt, and tihetefoee the eshacnae of n oeaeidnabie 
number of stresnw ^ s Watf ms bpd been fuggestcd if not eatab- 
lishcd. In 186 j, ^ProC H. A. Newton need tbaie 6kets to 
strengthen the coWidcal farntbusW. 

The observatiobs Of Hombokltt modem o b earv a tiena, so to 
speak, were repenlied, at we fawee eeen, in ew dm same day 
(or one day later )f of the seone saimih on Wml HwnMdt bed 
made his observstden in aakd again one day later in 1S66 
there was a recurjreaoe of the eame thifeig, New these dotes are 
separated by an equal mtenml of thirly-thcee years, Tim Idea 
of periodicity was therelMa' saggnaicd hath for this and odiar 
displnys, and gave liise to 00 great an hMetet in tide quesrion 
that an inquiry was set alnot aa to vdwtber falb bad bmm seen 
before at previous smervab of thSrty^thvce years, or whe^tcr it 
was a new thing seen fltW by ItelDaldt in >799^ OT posstoly by 
the Cumanese in I7«6. 

Prof. Newton took the InqBHy, mid was eoen aMe to duwr 
that the various chronicles of star-showers Aom'lbe very chrilem 
times, when properly discussed, indicated that the streams 
suggested by the observations since 1833 had really at variously- 
recurrent intervals since the beginning of astronomical observa- 
tion given intUcatioftSof their existence, ^ Hees^cially indicated 
such cases of constant recurrences of showers m April, August, 
November, and DcccHober. 

■ voL zuevi. p. ti6$. 


Epochs of Novxiensit Stai-Showfrs. 


Year. 


Day Oft which the star- Paris datch 
■koww was wea, snd hours,* 





d. 

h. 

902 


... October 13 

12 

17 

5 931 


16 

>4 

10 

i 934 


14 

13 

17 

1002 


15 

14 

10 

1101 


17 

16 

17 

1202 


19 

18 

14 

1366 


53 

22 

17 

»533 

|6Q2 

e«« 

::: 3 * ;;; 

24 

27 

14 

10 

1698 

••f 

... November 9 

8 

17 

,;pf 

« « s 

vea 

12 

13 

11 

12 

21 

16 


*•« 

13 

K. 14 

12 

^3 

22 

H 


These ancleiit reenrda enabled PmH Newton to place the 
planetary nature of the November dog beyond all doubt. 

It is evident that if this rtog crooto our mrbit ih a certain deh- 
nlto point in space, our eai^ will always traverse it when it occu^ 
pies the some d^nite polot of its ovbit with regard to the 
stars, provided the yhm does not change its | 3 ace. But 
our oedifu^ year, called the tropical year, is affected by 
the precesaira of the equiiioatts, as it is measured from equinox 
to e^mnox, so that we «b not mgasuire it by the stara, but by an 
empirical pobit qdkd tW imr pntot of the ffign Aries, which 
is actually at the pre am t m oiamit in tbceonatellation Pisces. If 
we reier the reoowd mae>«^towma to tbesitdereal year, or a fixed 
eduinox, we riioaMlmi an aiaafiet abaoliite identity in the dates 
of their appearanee if these were^no pertiiriiation, but we sbali 
see aobsequemly tiaem is poitaithatlon, and this is a final 
demonstratloa of ctomie^ ori^ 

If there is a awam of utoteodtm^ {hShag in any particular 
direction towards the plnne of Uie ecliptic these meteorite^? 
wilt take little acmmirt of the ptecessioii of the equinoxes or 
^ tnipical year ; earth most take the meteorites as she 
imethem, UteoveiMOtiNtoP ha Ihe table was due to the 
mtoration of the calsmto; as a dSflerence of twelve dayn 

h^ween the old amd new tasKealagt prof. Newton, Prof. 
Adoam, aad others haiae gieta a cotophfte demonstration that 
from the year 90a a vwatm of tnctec^es has been encountered 
by the earth every thirty-three years or ihereabouis, and nearly 
in the same part of her orbit round the sun. 

By a study of the position and AV of the earth in her orbit wr 
can see from what part of space these meteors, these mpre 
Bimwrous swarms, come. Suppose, ftw instance, that at Ohr 

* H. A Newton, J5«/. M, JP. Arjf., *vii, No. ^ 

In many countries the ehMi« from oU to new style was made in this 
mcerval commeacmg frem isBs at Spab, Poitwfal, and 
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\mrt of outh^s orbit tbore #«lbot{tt«s planting 

doirn nmly terttcally towi^^tl>ik''4MClb; iihe enrth in passing 
throogh them would receivr^J{;re^^^ ftmber of blows on its 
exterior wtmospbere on the pinoe of the 

efdimic At the tinsei would be 

entirely sheltered, so thaO|^ dbral^ of the fall would be 
capable of demonsu^pn w-4 t«p^ierAilon of the earth’s 
direction and the Jpppph to the plane of the. 

ec^ic at the timey v ^ ' 

1%e observatiotw these bodies are moving 
towards the plane tif jbe from its northern side, into 

that part of it tbrpi^ ^Hn the earth posses in her annual 
journey in Novetnb^C y wiyt in fact, ore moving round the sun 
in an orbit inclined at a net ^ery large angle— 17'^-^to the plane 
of tlM earth’s orbit 

StmUarly; we might observe the Aupput ring rising from one 
of its nodes, sifttated in the point of the Mrth^s orbit occupied 
by our pUaet on Ahgust 10, not at a* slight angle like the 
Novenlwr ring, but at on Migle of 79* or 80^. 

Tt is important to make this point quite clear. 

1^ US conceive the sun and earth to be half immersed in an 
infinite ocean which will reiwesent to us the plane of the ediptlc, 
and let us farther for greater simplicity assume that the earth’s 
motion round the sun (in a direction contrary to the hands of 
a watch) is performed in a circular path with the sun at the 
centre ; let us, moreover, suppose the earth’s path, or orbit, to 
be ma^ed by buoys, remembering that astronomers define the 
position of a heavenly body in the plane by stating its 

that k, its angular distance, reckoning from right to leA, 
from a particular start -point, as seen from the sun ; and its 
fa//fndk-^lbat is, its angular height above the plane as seen from 
the seme body. 

Now, if it were possible to buoy various points of the earth’s 
orbit in the plane of the ecliptic in the convenient manner 
before suggested, we should see the meteor-ring of ** Leonids ’* 
tnceltng the waves of our hypothetical ocean, at a slight angle 
(17*), at the point of the earth’s orbit occupied by our planet on 
November 14, the point where they pierce them being called 
the Where the other node lies, where the meteorites 

cross the plane again, wc do not exactly know ; we only know 
that they do not cross our orbit ; ^f they did, another star-shower 
would occur in May. 

Let us inquire into this point a' little more clostly. Let us, 
in imagination, connect the earth and sun by a straight line ; 
at any moment the direction of the earth’s motion will be at 
right angles to that line (or a tangent to its tjrbil) ; therefore, as 
lun^ntudes are reckoned, os we have seen, from right to left, the 
motion will be directed to a point 90® of longitude behind the 
sun. The sun’s longitude at noon on November 14 was 232®, 
within a few minutes ; ^ from this gives us 142^, which, as we 
have seen, is precisely the longitude of the radiant point. Thh, 
then, is proof positive enough that in longitude at least the 
meteoric hail was fairly directed against, and as fairly met by, 
the earth. 

But it will be asked, If the radiant point is sitoated in lati- 
tude S’*^3o', how comes it that the inclination of the rfag is stated 
to be 17’? should it not rather be 8 “ 30'? To this question 
wc may reply by another : How comes it that, when we arc 
hurrying through a shower, we always incline an umbrella at a 
less an^e with the ground than that formed by the falling rain ? 
The answer is the same m both cases. In the cose of the 
meteorites, if our motion in one direction differs little from 
thcii*s, they appear to us to fall at an angle which is also almost 
precisely hair of their real one. 

ISimilar ancient records relating to star-showers seen in March 
and April, and July and August, showed that the earth's longitude 
was always (he same when they were observed, if it was referred 
to A Jixid equinox.* The constant longitude fbr the star-showers 
anciently recorded to have taken place in March-April corresponds 
to April to* Id., 1850, and for alikenumbef seenm July-August, 
A^ust 9 od., 1850. 

Forms and dimensions of the orbit of the August meteors, all 
of them very steeply inclined to the ecliptic, were calculated 
among the many combined observations and determinations of 
hefahls of those meteors made at German Observatories to con* 
duie their longitudes, in the years foUowing the great November 
showers of 1832-33, by the German astronomer, Erman. But 
af$ txaet vaiue of ihett vchHty was UHI and from 

an Ai^oximate measure of the velocity of the ”Perseids,'* 
obtAitied from observations of % fine mhteor of the shower in 


America on August lo, 1S61, Prof, H. A. Newton found 
elements of the ring, concluding it to be not far from circular in 
fonr, and nearly perpendicular in its plane to the ecliptic. 

It will be seen that the longitude for the showers re- 
corded in October- November advances along the eqlipUc 
from a fixed equinox with a uniform motion of 52" per annum. 
Such a motion as this most be due to planetary perturbation, and 
hence we are in presence of coamical phenomena. 

It is to an American astronomer, Prof. Newton, that we owe 
the first investigation into the constitution of the November 
ring.^ He Arst considered tho question whether the ring is 
of uniform density, and whether it lies merely near our orbit ; 
the variation in the brilliancy of the showers being caused by 
the action of the planets and moon on the earth and ring — the 
greatest perturhauon of the earth being 9000 miles each way — 
sometimes throwing us into the ring, sometimes causing us to 
pass it without meeting it. He has shown, howe^'er, that the 
ring cannot be of uniform density throughout, but that, on the 
other hand, in one part of it there is a clustering together of the 
little bodies of which it is composed — a few stragglers being 
scattered along the rest of its circuit. 

From other considerations be showed that the meteors 
revolve round the sun in a direction opposed to the earth’s 
motion, the most probable time of revolution bi-ing, according 
to his Arst view, 354 '6 21 days, our own being accomplished 
in 365*256 days. This is the same as saying that the annual 

motion of the group is i + ■ ^ revolutions. Consequently, the 

centre of the group is brought, on this view, into contact with 
the earth once in every 133 years, but the earth passes very near 
the centre four times in this interval. 

On this view the orbit of the swarm would be nearly circular. 

With regard to the rings generally, Prof. Newton made out 
in 1865^ (l) that all the sporadic shooting-stars cannot belong 
to a narrow ring which has a diameter approaching in site that of 
the earth ; and (2) that a large portion of the meteorites, when 
they meet the earth, arc travelling faster than it, oreLe that the 
.sporadic meteors form a series of radiants at some distance from 
the ecliptic, and hence come from a series of rings considerably 
inclined to the plane of the ecliptic. 

Further, he pointed out that the distribution of the orbits of 
the meteorites must be one or other of the following : — 

(1) They may form rings passing near the earth’s orbit at 
many points along its circuit (sporadic meteors may be outliers 
of such a ring). 

(2) They may form a disk in the plane of the ecliptic. 

(3) They may be distributed at random like the orbits of 

comets. J. Norman Lockyer. 

(To be continued.) 


SCIENTIFIC SERIALS, 

American Journal of Scintcc, September, — Cambrian fossils 
from Mount Stephens, North-West Territopr of Canada, by 
Charles D. Walcott. The fossils here studied were first dis- 
covered last year by Otto J. Klotz, and partly described by Dr. 
C. Komiger. A comparison with specimens from the Middle 
Cambrian Terrane of Central Nevada shows that ihc two faunas 
are identical, and that consequeniljr the Mount Stephens reitiain.s 
,6hould be referred to about the horizon of the upper portion of 
the Middle Cambrian system. Other discoveries near the 
Kicking Hoise Pass on the Canadian Pacific Railway seem to 
show that this fauna extends ail along the western side of the 
great Keweenawan continental area from Southern Nevada far 
into British America.— History of changes in the Mount Loa 
crateis (continued), by James D. Dana. Here are studied the 
relations of Kilauca to Mount Loa, arguments being advanced 
lo establish the independent origin of the former, contrary to the 
author’s earlier views on the subject. But his old conclusion i‘^ con • 
firmed that volcanoes are not safety-valves, but are rather indexes 
of danger, pointing out the parts of the earth’s cnist that are 
most subject to earthquakes. A contrast is also drawn between 
volcanoes of (he Mount Loa and Vesuvius types, the discharges 
of the former being almost exclusively outflows, those of the 
latter upthrows of mnders combined with lava-sireanis. — On the 
formation of deposits of oxides of maitgahese, by F. P. Dunning - 
ton. The main object of this paper is to show that manganese 
sulphate has probably taken a very important part ui the 

' Sitlimad* Nus. iit aoid iiu, 

* Ibid^ vol XJtxix, 
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foroMtion of deposhs of mtuganete ore. — Maxwell's theory of 
the viseosity of solids and oertaiii features of its physical veri- 
fication, by Carl Barus. These researches tend to show that . 
Maxwell's theory is a version of Williamson’s theory of 
etherification and of Clausius's theoiy of electrolysis. The 
transition made is from unstable groupings of atoms to unstable 
groupings of iholecules. But while preserving mioutely all the 
essentials of Maxwell's argument, the experiments here described 
go one step further, showing that viscosity is a phenomenon 
evokediby certain changes of molecular structure, the inherent 
nature of which is imimately chemical. — On the origin of 
primary quartz in basalt, by Joseph P. Iddings. Here arc 
described certain specimens of basalt occurring in the vicinity of 
the Rio Grande Caflon, which exhibit a remarkable number of 
porphyritic grains of quartz, A theory is p»*oposed to account ' 
for the possible origin of this porphyritic quartz. — MineralogicaJ 
notes, by Geo. F. Kunz. Here are studied some specimens 
of phenaciic and quartz pseud omori^hs from Maine, a variety of 
transparent otigoefase and a cyanite from North Carolina, an 
apatite from New York, and an aragonite pseudomorph from 
Arizona.— An appendix of 42 pages contains a complete list of 
the late Asa Gray’s writings, cnronologically arranged and dis- 
posed in three categories : ( l ) scientific works and articles, 
1834*83 ; (a) botanical notices and book reviews, 1841-87 ; 
(3) biographical sketches, obituaries, &c., 1842-88. 


SOCIETIES AND ACADEMIES. 

London. 

Entomological Society, September 5.— Dr. D. Sharp, 
President, in the chair. — Dr. Sharp mentioned that he had 
received, through Prof. Newton, a collection of Coleoptera from 
St. Kilda, consisting of Cambm tatenulatus (i), Nebria brivi’ 
C0tiii (12), N gylUnhalii <3), Calathus cisicloidc^ (20), Pristmy’ 
thus ierrUaia (l)f Pitr^sHchus wgrifa (71), Pt. mger (31), 
Amara nuika {4\ Ocypus olens (i). Ibe species being nearly 
all large Geodephoga, he thought probably that many other 
Coleoptera inhabit^ the island. He remarked that these 
imecimens showed no signs of depauperation, but were scarcely 
mstin^ishable from ominary English specimens,— Mr. South 
exhibited a melanlc Apleeia nebtihsa from Rotherham, bred with 
five others of ordinary form^ and an albino of the same species 
from Devonshire ; a ve^ curious dark variety of Plusia gamma \ 
two dark varieties of EuboUa hmiiata from Durham ; Dicro^ 
rkampka consortai^a from North Devon. — Mr. Champion exhib- 
ited Haspalus tuprtust Leptusa ttstacia^ and Cathoi'mioctrus 
marUimus from Sandown, Isle of Wight. —Mr. Elisha exhibited 
the following Microlepidoptera : (Eneana atricapitana^ turio^ 
Haua, Juliana, derasana, capreana, pomonana, taken off Sorbus 
autuparia ; sodaliana, atphyt^aHitf trigtminana ; also Schiffer^ 
mulUntUa karridelt^, alpeila, futcoaurdla, ihmndla, and 
semidtcandrtlla^ on Cerastium teirandrum. — Mr. Jacoby ex- 
hibited three boxes of Coleoptera, collected partly by Mr. 
Fmhstroffer, containing some rare Ctloniada:, Pausstda, Ac. — 
Mr. E. Saunders exhibited Amblytylus ddicaiits, Petr., a new 
British bug, taken at Woking. — Mr. Jacoby mentioned that he 
had taken the larva of Vantssa cardui on a narrow white-leaved 
plant in his garden. — Mr. Knock mentioned that out of a batch 
of two males and six females of the Hessian Fly kept together, 
all six females had laid fertile eggs, so that each male must have 
impregnated more than one female. 

Paris. 

Academy of Sciences, September 24.— M. Des Cloizeaux 
in the chair. — Generalisation of a theorem of Gauss j by M. J. 
Bertrand. This theorem is thus expressed : Whatever be the 
attracting body, the mean value of the potential at the different 
points of a sphere is equal to the relative potential at the centre 
of the sphere. The demonstration supposes (he sphere to be 
exterior to the attracting body, and the present paper deals with 
the theorem when this condition is not uilfillrd, and it is shown 
that by substituting for the full sphere a spherical surface the 
theorem still holds good, -“Complement to the theory of over- 
falls, by M. J, Boussinesq. Various applications are given to 
the theory esublished in the previous paper {.CompUs rmdus, 
September > 7 , p* 513) regarding the influence exercised on the 
discharge by the vetoty of the current at the overfall. -^Obser- 
vations of Brooks's comet (August 7), and of Barnard’s comet 
(September a), made with the 0*38 m. equatorial at the Obser- 
vatory of Bordeaux, by MM. G. Rayet and Courty. 


observations f6t Bsodktli comef; ane for the period from September 
S-17, those for Barnard's hornet from September 11^17. — 
On the physiological action of IIcdwip*a halsamiftra^ by MM, 
£ Gaucher, Combemale, abd Mstrestang. This plant, which 
has been classified and described by DescouitiU (“Flore des 
Antilles,” iii. p. 263), belongs to w family of the Terebintb- 
Bcect, and grows in the West Indies* The experiments on 
guinea-pigs and rabbits here described show that the alcoholic 
extract from the bark of stem and roit iy highly toxic, a dose of 
o'ifif gramme proving fatal. The aqueous extract is less toxic 
than the alcoholic, but both produipe rapid and considerable 
lowering of the temperature, paralysp^ ana convulsions, spread- 
ing progressively from the lower paW of the marrow to the 
rachidian bulb. 
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THURSBAY, OdtOBRR ii, 1888, 


THE ZOOLOGICAL RESULTS OF THE 
CHALLENGER" EXPEDITION. 

Ripart on the ScUntiJU Results of the Voyage of 

Challenger^ during the Years iS73''76, under the 
command of Captain George 5 . Nares^ R,N., F,R.S.f 
and the late Captain Frank T. Thomson^ R.N. Pre- 
pared under the superintendence of the ]ate Sir C 
Wyville Thomson, Knt, F.R.S., and now of John 
Murray, one of the Naturalists of the Expedition. 
Zoology — VoL XXVI. Published by Order of Her 
Majesty’s Government. (Printed for Her Majesty's 
Stationery Office, and sold by Eyre and Spottiswoode, 
1888.) 

'’T^HE first memoir in Vol. XXVI. is the second part of 
J- the Report on the Crinoidea collected during the 
voyage, and is by Dr. P. Herbert Carpenter. The first 
part treated of the ^Stalked Cnnoids : this treats ^of the 
Comatulidse. 

Since Muller's well-known memoir on the genera and 
species of the Comatulidac, no systematic work on this 
interesting group has until now made its appearance. 
Several new species have no doubt during these forty 
years been described, but with the publication of each 
the subject became more and more confused, and the 
painstaking and laborious revision of the known species 
forms by no means the least important portion of the 
present memoir. In it we find the result of many years’ 
careful study of the “ Comatulse,^’ based not only on the 
collections made by the Challenger, but on those made by 
other Expeditions in various seas, and on the examination 
of almost all the types to be found in European or 
American Museums. 

Lamarck's familiar and appropriate name Comatula is 
retained by the author as the name of a family of Nco- 
crinoids, which now contains six genera with recent 
species, vis. Antedon, Actinometra, Atelecrinus, Eudio- 
crinus, Promachocrinus, and Thaumatocrinus : of thes^ 
genera over 1 8o species are now known, a large advance 
beyond the 35 species referred to by M filler, and of the 
former number 88 are described in detail as new from 
the Challenger collections. The author remarks that even 
this large number is considerably lower than that men- 
tioned in his preliminary Report, but adds that the 
experience gained by the examination of numerous speci- 
mens has obliged him often to write under one specific 
name forms which at first had seemed most distinct. 

This Report is morphological, as naturally the oppor- 
tunity was wanting for dealing with details of development. 
We have first a general introduction, in which there 
is a sketch of the progress made from the days of de 
Frdminville; next a chapter on the centro-dorsal plate 
and calyx, in which there is no lack of controversial 
matter. The errors oLVogt and Yung might better 
have been referred to in footnotes, and the continuance 
^ the aunt's descriptions would not then have been 
It scarcely concerns pne reader who is 
carpenter to know what “ Ae student of Vogt 
and Vung^ urould dr wotdd not foam from their writings. 
Vou X3cxvut.-^a ^ 


The chapter on the geographical and bathymetrical 
distributions is an important one. Our present knowledge 
of the recent species is too imperfect for any generaliza- 
tion respecting their geographical distribution or the 
origin of specific types. The species occur in immense 
abundance over certain large areas, such as the Caribbean 
Sea, and more especially the Eastern Archipelago and 
Australasia. The species of other seas have been made 
known to us by the dredgings of the Challenger; and other 
collections, both from the Arctic and sub-Arctic seas and 
from the Southern Indian Ocean, have yielded some valu- 
able information. Although abundant near the coasts in the 
Arctic Ocean and on both sides of the North Atlantic, no 
species has been dredged at a greater depth than 800 
fathoms in the Atlantic, nor were any forms met with in 
either of the Challenger's two traverses of the N orth Atlantic ; 
and, while one species is recorded from Madeira and the 
Canaries, none have as yet been found at the Azores, 
Cape Verdes, or Bermudas. The two Mediterranean 
species range as far north as Scotland. In the Florida 
Channel, and in the Caribbean Sea, ComatuK'e abound. 
None arc known from the African coast, between Cape 
Verde and the Cape of Good Hope, except one species met 
with at the equatorial island Rolas. The only Actinometra 
common to both sides of the Atlantic is found at St. 
Paul’s Rocks. Some few of the Caribbean species ex- 
tend therefrom down the South American coasts to Cape 
Frio ; while, ’in mid- Atlantic, species have been dredged 
at moderate depths off Ascension, St. Helena, and Tristan 
d'Acunha. Closely allied to the North Atlantic species 
are those found at Heard Island and Kerguelen. Various 
species are found at Simon's Bay, Natal, Madagascar, 
Mauritius, Seychelles, Zanzibar, Red Sea, Kurrachee, 
Ceylon, Bay of Bengal ; while in the seas of the great 
Eastern \ Archipelago they occur in most bewildering 
confusion. No species as yet have been taken on the 
coasts of New Zealand — though one or two approach the 
East Cape of the North Island— norat Tasmania. Two 
species are recorded from the Straits of Magellan, and 
single species are known to occur at Chili and Peru; but 
there are none apparently on the western shores of North 
America. In the Pacific the species are extremely rare. 
While essentially littoral forms, three species were found 
at depths of from 345 to 755 fathoms, from the green mud 
off the Japanese coasts ; and one, Antedon abyssicola, 
from a depth of 2900 fathoms, at Station 244 in the North 
Pacific. 

So far as present knowledge goes, the Comatulidie first 
appeared in the time of the Middle Lias, and were tlius 
of later date than the Pentacrinidae ; they were fairly 
abundant in the Jurassic and Cretaceous epochs, espe- 
cially so at certain periods. The recent forms occupy 
an immensely more extended area than the extinct ones, 
for, with the exception of a species of Antedon from 
Algiers, and another from Syria, no fossil Comatulid has 
been found out of Europe, not even in the Indian Ter- 
tiaries, otherwise so rich in Echinoderm remains ; and 
while none are to be found in America, it is not with- 
out interest to note that Pentacrinoid remains are very 
common at certain horizons of the Jura Trias over wide 
areas of the western territories, thereby indicating that 
the condirions of that age were not altogether unfavour- 
able to the existence of Crinoid life. The Middle Lias 
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o[ France contains two species of Antedon, the oldest yet 
known, and the ^nus occurs to^^ether with Actinometra, 
in the Lower Oolites of both F ranee and England j while 
if Bouygmticrinus ooliticus^ McCoy, is a ThioUiericrinus, 
as supposed by de Loriol, then it is the earliest known 
species of this ijeniaTkable genus. 

The fifth chapter is on the classification of the family, 
and is followed by the descriptions of the specimens. In 
a seventh chapter there is a detailed account of the 
bathymetrical distribution, and a station list of all the 
“ Comatulse " which were obtained by the various British 
Expeditions for deep-sea exploration between the years 
id68-82. Appended to this ,is a list of all the known 
living species of ComatulcC, with their distribution in depth 
and space. As to the latter, all the principal stations are 
given. In the analysis of this list (p. 383) the total 
number of living species is given at 180, but from the list 
itself there would seem to be 188 species. Possibly the 
seven additional species of Antedon and the one species 
of Actinometra named but not described may account 
for this discrepancy. The Report is accompanied by 
seventy plates. 

In congratulating the author on the successful accom- 
plishment of his onerous task, we allude to his apology for 
the delay in its publication to state our conviction that none 
such was needed. Investigations like those here recorded 
might be more quickly accomplished were it possible to 
devote to them the whole working hours of the investi- 
gators life ; but when instead they have to be carried 
on during the hours of rest from arduous profes- 
sional duties, hours that might more prudently have been 
devoted to repose, the case becomes quite different, and 
the wonder to us is that so much has been done within 
the time. 

The second memoir in the volume is a Report by Sir 
Wm. Turner on the Seals collected during the voyage. In 
the first volume of these Reports, Sir W. Turner's Report 
on the Bones of the Cetacea which had been collected by 
the Expedition appeared. In the present Report we have 
detailed descriptions of the species of Macrorhinus, 
Leptonychotes, Otari a, and Arctocephalus, procured at 
the Kerguelen and Heard Islands, off the Falklands, in 
Messier Channel, and at Juan Fernandez. 'I'his is fol- 
lowed by an outline of the classification of the Pinnipedia, 
in which the diagnoses of all the genera and those of 
most of the known species are given. 

In a third part there is a description of the brain of the 
elephant seal and of the walrus, with a comparison of the 
convolutions of the brain of the seals and walrus with 
those of the brairvs of the Carnivora, and of apes and 
of man. Part IV. gives an account of the visceral 
^atomy of the elephant seal. In an appendix there is 
an elaborate account by Dr. W. C. Strettell Miller of the 
myology of the Pinnipedia. Ten plates accompany this 
Rteport. 

ITie third and last memoir in this volume is an 
'^^exceedingly interesting supplement to his. Report on the 
Actiniaria, by Prof. Richard Hertwig. 

This supplement contains a description of additional 
specimens found from time to time as the various other 
groups of marine forms were being worked out. Amongst 
the material occurred species previously described, hut eti- 
aWing in a few cases fresh details to be added. Several, 


however, represented new interes{dog genera, but in 
some cases the material was in a state of pre- 
servation as to preclude description, R.. Hertwig’s 

Report was published in 1 882, and since tten Andres^ 
monograph of the Actiniaria has ap|i&red. Some 
criticisms on his classification i»oface the description 
of the new species ; and a synopsis of the H exactiniae 
according to Heit wig's views, is given* 

In the description of genera and species we find an ac- 
count of a new species of Moseley^s genus Coralli morph us, 
C ohtecius. It was found at Station 157, and on it Hert- 
wig in his Report had chiefly based his description of 
C rigidus^ Mos., the type specimen of which latter has 
now been found. A new genus, Ilyanthopsis, is established 
for a single specimen from the Bermudas ; it seems in 
shape intermediate between Aiptasia and Anemonia ; it 
was attached. Aulorchis is a new genus belonging to the 
group of forms devoid of tentacles, the specimen {A. 
paradoxd) was found at Station 299, at a depth of 2160 
fathoms. With the assistance of Dr. Erdmann, a revision 
of the Zoantheae is given, based on an examination of the 
condition^ of the coenenchyma, arrangement of mesen- 
teries, structure of sphincter, condition of integument, 
and colonial formation. The solitary forms are relegated 
to Sphenopidsc, the colonial to Zoanthidae, of which five 
genera — Zoanthus (Cuv., p.p.), Mammilifera (Lesueur), 
Epizoanthus (Vcrrill), Polythoa (Lamx.), and Corticifera 
(Lesueur) — arc recognized. In an appendix a new genus 
and species is described, StepkemiiUum schuhiiy found 
off Zebu, which appears to belong to the Zoanthese, but 
differs in the absence of incrustations and the non- 
formation of a colony. 

We notice one defect in this memoir, that the references 
to the authorities for known genera and species are 
omitted. There are four plates representing the new 
forms. 

OUR BOOK SHELF. 

A Bibliography of the Foramit^era, Recent and F&ssily 
from 1565 to 1888. By C Davies Sherborn, F.G.S. 
Pp. L-viii, and 1-152. (London : Dulau and Co., 1888.) 

The attention of naturalists for many years has been 
drawn to the minute animals of the sea, and with increas- 
ing interest as they have become better known by 
researches as well in abyssal in shallow waters. Their 
fossil representatives have also long been noticed and ex- 
tensively sought for in very many strata of different ages 
in various pans of the world. 

The Foramiaifera are among these multitudinous objects 
of interest to the microscopist, and through him to the 
naturalist in general, and the geologist in particular. 

The simplicity of stnictwre rn the Foramintfera, and, at 
the same time, their manifold and indeed interminable 
varieties of fmm, often symmetrically elegant, have given 
rise to numerous naming and descriptions, often without 
adequate figures. Hence their nomenclature has been 
confused among the multitude of authors who have either 
mentioned, or more fully ttdirtcd of, these minute 
organisms. Consequently, for a basis in determining the 
re&tive value of the so-called species, their right 
and order of discovery, a bibliography of the t^aramiailera,, 
having long been desidmated, was atten^ted by diffevent 
writers in l848;i854, 1858, 1859, 1878, i 884 ,and x886-8;iuit 
each bf these catalogues was imperfect. We are ptofid 
to be able to say that a complete list of the boews 
papert treating of Foramhufisra it now before u 
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accuracy and of detail a6 to title^ author, date, 

» 9 e> and place^f^miication, A short note of explanation 
pt ^rtinent retniTk ls in many cases added to the entries 
of the rare atri little -known publications. Mr. Shcrborn 
thbs enumeritl^s about 700 authors, with foil title of book 
or mcmonr, carefully systematic abbreviation of titles of 
periodicals, and place of publication as given in the 
originals. Notices and general reviews having original 
information are included. Mr. Sherborn has examined 
ftU the works he has catalogued, with very few exceptions, 
and these are properly maixed ** nOt seen.” 'J'he authors 
most prolific of memoirs arc . Brady, Carpenter, Carter, 
Dawson, Dc la Harpe, D^Orbigny, Ehrenbcrg, Folin, 
Fornasinh Gtimbel, Haeusler, Hantken, Karrer, Jones, 
Munier-Chahnas, Neugeboren, Parker, Reuss, Robertson, 
Schlumberger, Schultze, Seguenza, Soldani, Stache, Ter- 
q^uem, Terrigi, Uhlig, Van den Broeck, Wallich, and 
Williamson. Former lists have evidently been carefully 
collated and corrected: and the life-dates (birth and 
death) of deceased authors have been entered as far as 
possible. 

Several of the older papers arc now catalogued for the 
first time, such as “ Camerarius’s papers, 1712 and 1717 ; 
Klein’s, 1754 ; Schroeter's, 1803 ; and Wulfcn’s, J791 ” ; 
we also find ** the correction of the hitherto inaccurate 
references to Spengicr's papers ; the original place of 
publication of Modeer’s letter to Soldani ; and Ricca's 
‘ Discorso/'with the engraved portrait of Soldani ” ; and, 

“ among those of scientific importance, . . . the earlier issue 
of Fichtel and Moll (which carries back their scientific 
names five years) ; D’Orbigny’s list of the Foraminifera 
of the Vienna Basin, published by J. von Hauer seven 
years before the full description appeared ; the note on 
U'Orbigny’s ‘ Planches inddites ’ ; Bond’s paper on the 
Nummulites ; and Silvestri’s rare and interesting paper 
on fsoldani’s * Testaceographia.’ For the first time, too, 
an endeavour has been made to enumerate the important 
memoirs published by the Hungarian authors witn some 
approach to completeness.” 

The whole work has been conscientiously done, with 
scrupulous exactness ; and the industrious author has 
made it a labour of love for several years, since he began 
to study Foraminifera. Having so full a knowledge of 
the subject, he might with advantage, we venture to 
think, give further aid to students and others by publish- 
ing an index and synonymy of all the recorded genera 
and species of Foraminifera. 

In the preface to the bibliography, Mr. Sherborn fully 
acknowledges the help he has received from his many 
friends at home and abroad ; and he refers to such 
analogous and collateral bibliographies as have been aids 
in hifi research. This work will without doubt be fully 
appreciated by biologist and palaeontologist ; and we 
cordially agree with the author in his remark that ** sincere 
thanks arc due to Mr, F. juaten (Dulau and Co.), to 
whose generosity and scientific sympathies I owe tfie 
publication of my manuscript.” T. R. J. 

Earth Knowled^e^ Part II. By W. J. Harrison, F.G.S,, 

and H. R. Wakefield, (London : Blackie and Son, 

1888.) 

This book, in conjunction with the companion volume 
issued a few months ago> is chiefly intended for the use of 
studehts preparing for the Science and Art Department’s 
examinanons in Physiography, The book is far toosmall for 
its shWeet, and in consequence, only very bare outlines of 
the different branches of the subject can be given, and 
much is Omitted which we should expect to find. It is 
scarcely possible^ for instance, to give an adequate 
zmomt of information about the sun in half a dosen 
; yet the authors have vttati^ed to do thb, 
Wll iWitlbstth k what might be ^pected»-^Ti«mely, a very 
Ko mcAtiiMk i» made df Ihe het that 
dhdeoMiAa^kuf variablB foitn,aiiid shiee only ovre draw- j 


ing is given, a student would be likely to infer that its 
form is cbnkant. Again, the possibility of observing 
promiWences whenever the sun is visible, and the pecu- 
liarities 'and variability of sun-spot spectra are not touched 
upon at' all. No chapter on the sun can be regarded 
as cbpipletc which does not treat of the variovis solar 
phenomena Ih relation to the sun-spot period. 

Again, the classification of stars according to their 
spectra (p. 78) is nOt treated nearly so fully as us import- 
ance demands. Notwithstanding the fact that there 
are two distinct kinds of red stars, one giving indi- 
cations of metallic fluting absorption, and the other of 
carbon absorptiofi, we .arc simply told that in the red 
stars the lines are more numerous than in stars like 
Arcturus (p. 79). 

On p. I2f6weread: — “Although the sun's mass is so 
very much greater than that of the moon “ being nearly 
sixty million times as great—yet the tide-producing force 
of the sun is only about seven-sixteenths that of the 
moon, because the sun is nearly 400 times farther off the 
earth than the moon.” Although this statement is quite true, 
a little further explanation is necessary to make it consis- 
tent with the arithmetical fact that sixty millions is greater 
than the square of 400. It is only fair to say, however, 
that the importance of considering the differential attrac- 
tions of the sun and moon On opposite sides of the earth, 
instead of the total attractions, is well brought out with 
regard to the precession of the equinoxes. 

On the whole, the drawings are excellent, but that on 
p. 29, showing the action of the spectroscope, is rather 
misleading ; we would remind' the authors that the slit is 
usually placed in the principal focus of the collimating 
lens, and that there is nothing to converge the rays of 
light to a point inside the tube. 

Without the aid of a well-informed teacher, the book 
is far from sufficient to fulfil the purpose for which it has 
been written. 

Introduction to the Science and Practice of Photo- 
jiiraphy. By Chapman Jones, F.I.C., F.C..S. (London : 
Hiffe and Son, 1888.) 

We heave here quite a new departure from the ordinary 
hooks on photography, the subject being treated not from 
the mechanical but from the scientific point of view, ana 
the author has succeeded in placing before us a very 
useful work. 

The volume is divided into three parts. The first con- 
sists of fifteen chapters, the more important among them 
treating of the transmission and intensity of light, reflec- 
tion by plane and concave mirrors, refraction of light 
and the fertns and properties of lenses, &c., concluding 
with a chapter on the spectroscope, colour-sensitiveness, 
and the akiorplion of light. In Part II, are described 
various forms of cameras, camera-stands, exposure- 
shutters, followed by some very interesting chapters on 
the history and special properties of the many and various 
forms of lenses. Part 111 . consists of twenty-four chapters 
extending over 100 pages, in which are described the 
manufacture of collodion and gelati no- bromide plates, 
and all the different modes of developing, printing, toning 
&c., including carbon-printing, Woodburytype, and other 
photo-iTiechanical processes. 

In the appendix are tables of English weights and 
measures, and a comparison of them with the metrical 
system, preceded by an explanation of the methods of 
testing lenses. The volume Is well illustrated, and the 
varied information contained in it ought to give it a wide 
circulation* 

Numerical Examples in Practical Mechanics and M achtni 
Desijm. By Robert C. Blaine, M.E. (London ; Cassell 
and Ca, Limited, 18S8). 

lit tlm volunae there is an excellent coUection of ex- 
anples, the teachtng power of which has already been 
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tried by students attending the lectures at the Finsbury 
Technical College^ who, as is stated in the preface, 
written by Prof. John Perry, have worked through them 
and obtained “a real good working knowledge of the 
application of the principles of mechanics and machine 
design j . . . their knowledge was always ready for use.” 

The examples, as a rule, are thoroughly practical, and 
may be taken as illustrating Prof. J, Perry's book on 
Practical Mechanics,” and Prof. Unwinds book on 
“ Machine Design," 

To make the volume more complete, useful rules and 
constants, together with tables of sines, cosines, tangents, 
and cotangents, of angles from to 45 are added, 
concluding with a table of the squares, cubes, square 
roots, cube roots, and reciprocals of all numbers from i 
to 100, and of approximate fifth roots from i to 1000. 

A Text^hook of Physiology. By M. Foster, F.R.S* 
Fifth Edition. Part I, comprising Book I. (London : 
Macmillan and Co., 188S.} 

This work was originally published in 1876, and it has be- 
come so widely known that we need not now do much more 
than note the appearance of the first instalment of a new 
edition,' In this edition — the fifth-— considerable changes 
and additions have been made. The changes, however, 
do not affect the character of the book ; and Prof. Foster 
explains that the additions, with the exception of the 
histological paragraphs, are caused, not by any attempt to 
add new matter or to enlarge the general scope of the work, 
but by an effort to explain more fully and at greater length 
what seem to him to be the most fundamental and most 
impdrtant topics. He has introduced some histological 
statements, not with the view of in any way relieving the 
student from the necessity of studying distinct histological ' 
treatises, but in order to bring him to the physiological 

? roblem with the histological data fresh in his mind. 

lence in dealing with the several histological points 
the author has confined himself to matters having a 
physiological bearing. This first part will be followed as 
soon as possible by the second and third parts. 

The Analyst's Laboratory Companion. By Alfred E. 
Johnson. (London : J. and A. Churchill, 1888.) 

During the past four years, Mr. Johnson has had in every- 
day use in tlie laboratory a manuscript book of factors 
and tables. The work grew by constant additions, made 
9 A required ; and in the end, as he explains in the preface, 
it became complete enough to encourage him in the belief 
that it might prove useful to analysts generally. Accord- 
ingly he Itts issued the present little volume, and no 
doubt he is right in thinking that the large amount of 
labour involved in the calculation of the many original 
tables here published may be found to save u|ach of the 
time otherwise r^uired by th^ analyst in working out the 
results of analysis. For the convenience of students not 
well acquainted with logarithms, of which he has made free 
use, he has given an account of them, adding examples 
fully worked out and chosen so as to include and 
explain the difficulties generally felt in connection with 
this subject. 


LETTERS TO THE EDITOR, 


[The Editor does not hold himsolf nsponsihU for opiniom 
oapnsud by his eorrtspondtssts, Noithor tan hi nndsr 
uAt to rsturm, or to eomspond with iht wriion of 
rdiciid manuscripts ii^cndod for this or any other pan 
tf Nature, Ho notict is tahen of anonymous communi 
ooHmsil 


Prophetic Oerme, 

I REGRET to find that 1 put an erroneous futerprelatlon upon 
the phrase '^non-ii^ficont organs," as used by Prof, ^y 
Lankester. I never TOUbted that it meant organs or structures 
which were non-rigidficaiU In respect to actual use; that, in 


short, it was his phrase hr what cither variously ctXM 

aborted ot rudimentary organs, Ho noeii''*x|jWns that ‘‘non* 
significant," in his terminology, means variation from 
hereditary forms which is fortuitous — as unknown in resp^ to 
its origin as it is in respect to its actual or fotura use, Allhou^ 
I see no value in this phrase as descriptive Of anythii^ that 
exists, I see great value in Prof. Ray LankesteFstadmissioo that 
natural selection cannot act upon any stniotore which is not 
already developed up to the stage of actual use. This is realty 
all I want for my previous argument, because all organs what- 
ever do actually pass through rudimentary stages in which actual 
Ubc is impossible. In no possible case, therefore, can selection 
explain the origin of any organic structure. I rejoice to find Prof. 
Ray Lankester denouncing as ‘ * an absurdity " the idea that "con- 
genital variations are selected when they are not of any actual 
use." It must therefore be quite according to the admitted 
constitution and course of Nature that we should find organs 
on the rise," as well as organs ^*on the wane." All genns 
must be prophetic of their future use, so long as they arc in 
germinal stages ; and, if evolution be true, the World ought 
always to have been full of them, and ought to be full of them 
now, unless the creative or evolutionary work has been arrested, 
at least locally, and for a time. ARGYLL. 

Inveraray, Argyllshire, October 8. * 


The Geometric Interpretation of Monge's Differential 
Equation to all Conics. 

With reference to the remarks of " R. B. H." (Nature, 
June 28, p. 197) on my interpretation of the deferential equa- 
tion to ail conics, I wish to point out that the objections he 
seems to take do not appear to be well founded. The difficulty 
he finds is that the geometrical interpretation given amounts to 
the fact that ** a conic is a conic." But it is easy to see that 
there is no peculiarity in this ; it arises simply from the well’ 
known fact that all the geometrical properties of any given 
figure are inter-dependent ; one of them being given, the others 
may be deduced as legitimate consetjaenccs from it. " R, B. H." 
takes the proposition which constitutes my interpretation, and 
then, coupling it with the other theorem that the osculating 
conic of any conic is the given conic, comes to the conclusion 
that a conic is a conic, and, apparently, he takes it to be very 
strange ; but, as a matter of fact, given any two prqperties of a 
conic (or of any other curve), we can only come to the conclusion 
that the conic is a conic (or that the given curve is what it pro- 
fesses to be). Takq#, for example, the geometric interpretation 
of the difierential eauation of all right lines, which is ^ o ; it 
simply means that tlie curvature vanishes at every point of every 
right line, which is equivalent to the fact that a straight line is 
not curved, or that a straight line is a straight line. There is 
certainly nothing strange in this : it is the legitimate effect of 
the process employed. Would " K. B. H.,’"on this ground, 
rriect the geometrical interpretation of the differential equation 
of all straight lines ? Surely the process is nothing l^it a piece 
of quite unobjectionable verification. Similarly, the dififerential 
equation of all circles, (i H- 3/y* « o,, means that the 
angle of aberrancy vanishes at every point of every circle. Com- 
bining this with the self-evident proposition that the normal and 
the axis of aberrancy coincide in the case of a circle, we may 
come to the conclusion that a circle is a circle ; but 1 submit that 
this is really a verification, and surely no ground for rejecting 
the interpretation, Indeed, the question whether such processes 
are to be regarded as verifications or not seems to me to be 
much the same question whether every syllogism is a petitio 
principii or not. But as I have elsewhere, in the papers referred 
to in my last letter (p. 173, ow/r), foUy discussed What a 
geometrical interpretaUon properly ought to be, I need npt 
enlarge further on this point 

As to the difficulty which **R. B. H.” feels in drawing a 
curve at every point of which the radius of curvature vanlms^ 
I may remark that this is a "Bmitii^ cose," and the matter 
becomes clear when my interpretation is paraphrased (hiis^ 
" If the radius of curvature of the aberrancy curve of a ghree 
curve vanishes at every point, that curve degenelratm into R 
conic,” 

Finally, 1 fail to see why an interpretation is to be 
simply bmuse the property it enufictates happens to 
an ta^yerification. The conic hns on infinite number 
ties, and the chfof difficulty in disoOvering thegeometricm 
pretation of its dififerential equRtfotii has been to find out wfiM 
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thrse intmeikius properties b adequAtely and most appropriately 
rweeeiited by tjbe lifi^ngian equation. The question has been, 
wnat fact in the hiatt^y of the conic, if I may say so, is most 
ifilitnflteiy associated with the vanishing of the Mongian ; end 
that fact^ 1 believe, is given in my interpretation. Wnether the 
fact admits of "an easy verification or not seems to me to be 
wholly foreign to the question. 

Calcutta, July ay. AsuTosii Mukhopaduyav. 


Upper and Lower Wind Currents over the 
Torrid 2onc. 

After my arrival in China in 1883, I made inquiries, among 
persons who had kept meteorological registers, concerning the 
Erection from which clouds usually come here, but was told 
that they came from all directions without any apparent order. 
But the observations made during January 18^, printed in the 
Weather Report published on February 11, showed at once 
clearly that the looser clouds came from the east, and that the 
directions veered with increasing height, the highest clouds 
coming from the west, ns explained in the text of the Annual 
Weather Report published on February 17, 1885. This might 
have been expected in analogy with what obtains in cyclones, 
as the trade*wind blows into the calm belt as if this were the 
centre of a depression drawn out to extend round the whole 
earth near the equator. 

The Hon. K. Abercrbmby, to whom my Reports were sent 
without delay, convinced himself of the truth of those remarks 
during a tour round the world, and addressed a letter to Nature 
on the subject on October 26, 1885, but it is of importance that 
the subject should be investigated at fixed observatories within 
the tropics, where hardly enough attention has hitherto been 
aid to the movements of clouds, to judge from what has hitherto 
en published. 

In the Annual Weather Report for 1885, it is stated that, from 
June to September inclusive, cirri come from two different direc- 
tions — from about north-east while a typhoon is in existence 
somewhere, their direction often backing from about east to 
north while the centre of the typhoon is yet over 700 miles 
away ; and from about west when there are no signs of a typhoon. 
But cirri are rarely seen in summer except l>cfore typnoons, 
through whose agency vapour is evidently carried up to the 
higher regions of the atmosphere. It is, however, to be expected 
that the existence of the southerly monsoon (caused by the low 
barometer in the northern part of the Chinese Empire) during 
the summer to some extent influences the movements of the 
clouds. 

The following table exhibits from four years’ observations 
(1884 to 1887 inclusive) the average directions from which the 
wind comes at the Observatory, about 150 feet above M.S.L., 
and at the Peak about 1850 feet above M..S.L., as well as the 
average directions from which the upper and lower clouds 
come, but the difference between the latter is so great that 
intermediate directions will be missed 




Month, 

January ... 
February... 
March ... 
April ... 
May 

J une 

uly 

August ... 
Se^ember 
October ... 
Iffovember 
Uetiember 


Ob*. 

E II N 
EisN 
E 4N 
E 3N 
E n S 
Esr S . 
E 46 S . 
E 72 S , 
E 12N . 
EisN . 
E28N . 
E26N . 


Peak, 

. E I o N 
: E 17 N 
. E 17 S 
. E 30 S 
. E44 S , 
. E 67 S . 
. E 87 $ . 
S 

. E I N . 
. E 8N . 
. E 10 N . 
. E 18 N . 


Lower C. Upper C. 


Eby S ... 
EbyN .. 
ESE .. 
SE .. 
SSE .. 
S by E .. 
S by E .. 
S 

ESE .. 
EbyN .. 
ENE 
EbyN .. 


Wby S 
W 

Why S 
Wby S 
WNW 
NNW 
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If an observer outside the earth were to determine the }>eriod 
of thib planet’s rotation by observing spots formed by clouds, he 
wmtld obtain different values accordii^ to the level of ^he respec- 
clpud-layer, Just os we obtain difterent values for the period 
jdfrbtatloh of Jupiter from observations of diffident classes of 
spots. In the case of the earth, the observation of the highMt 
dauds near the equator might possibly' famish a value of the 
period t6o short a tenth, and there is no doubt it would be 
d(ffhrri)^i(i«arer the Poles. W. DbaaRCR. 

Kbng Qbservatbry, August n. 


The Natural History of the Roinan Numerals. 

Some time ago I had the pleasure of reading m your journal 
(vol. xxxvi. p* 555) an interesting article by Mr. Lymburo on 
the above subject. In this the writer shows the probable evolu- 
tion of the ten, from the ^ hand, and thence the broad 
arrow, ^ . As the Scandinavians used this arrow sign, calling it 
tir or tyr, as an equivalent for in the Runes (see Taylor, ** The 
Alphabet,” vol. ii., p. 18), it is therefore connected with the 
Greek /au, the headless cross, the X Semitic languages. . 

1 have no doubt that many of your readers take an interest in 
anything bearing on this subject. This is my apology for calling 
their attention to an article published in the lost volume of 
Transactions of the New Zealand Institute,' wherein I break 
new ground by showing that the word tau was known in Poly- 
nesia as a cross, as ten, and probably as meaning **HTiting.” 

I have given, in the different dialects of New Zealand, Samoa, 
Tonga, Iiawaii, &c., the meanings of the word, and shown its 
entry into other compound words, A brief />rtris runs as 
follows ; — 

Taiau (/a- /aw) is the Tahitian word which Cook brought to 
us, and is better rendered by his spelling titttoxv than by our 
English tatUyo. In Maori, tatau means to count, to repeat one 
by one ; but in Hawaiian it means to write, to make letters 
upon, to print as upon tapa (native cloth) as in former times. 
In this Hawaiian, tan means to dot, to 6x the boundaries of a 
land or country, to give publicity to a thing. In Tahitian, iatau 
means not only to tattoo, but to count, number ; in Samoan, 
tau is to count, and in Marquesan, tatau to reckon. In com- 
position, too, it enters into many words, such as teacher, pupil, 
genealogy, &c., and it seems impossible but that the tattooing 
(at one time done in “ three-marks ” and arrow-heads) meant 
some kind of character or script. 

As to Ute numeral “ten,” I bring some interesting evidence 
which 1 cannot condense. 

As to the figure of the cross being used as a sacred sign, 
there are innumerable evidences to that effect in the Poly- 
nesian islands ; notably that the Southern Cross is called in 
Tahitian /aw-Aa (“four-cross”), and that the cross X was the 
taboo sign in front of Hawaiian temples. I have since learnt 
that in the Solomon Islands the cross taboos anything to the 
chief. 

Wellington, N.Z,, August 5. Enw. Treijear. 


Indian Life Statistics. 

Though several weeks have now elapsed since Dr. Hyde 
Clarke’s inquiry about the effects of lucky and unlucky timre 
and Reasons upon the Indian birth-rate was published (in 
Nature of July 26, p. 297), none of your readers in England 
who happen to be acquainted with India have come forward to 
answer it. 1 therefore write to point out that, though the times 
of Hindu marriages are to a very great extent controlled by 
supposed lueiky or unlucky days, months, or years, these have 
nothing whatever to do with variations in the birth-rate, for the 
usual age of marriage of girls is from eight to ten years, and 
child-bearing at the earliest does not commence before twelve or 
thirteen. 

With regard to the HoU and other religious festivals, I have 
it on the authority of Mr, J. C. Ne^field, Inspector of Schools 
in Oudh, w^o has made a life-long study of Hindu castes and 
their customs, that, whatever the origin and primary significance 
of the ffoU may have been, inis not now connected in any 
special manner with the multiplication of the species. The 
religious ceremony to which the Hindu looks for the furtherance 
of his desire for offspring is the Durga Pujah^ or worship of the 
consort of Shiva^ which is the occasion of the annual family 
reunion all over Bengal. In the Upper Provinces a totally 
different fri^tival is celebrated at the same time of the year— the 
PUm a sort of dramatic performance or mystery-play, 

commemorating the expedition of R5ma to Ceylon for the re- 
covery of his lost wife ; but Mr. Nesfield says that during the 
Rdm Lila some member of every family is specially set ajmrt to 
conduct a ceremonial worship of KalU or I^w‘ga^ ending with 
the sacrifice of a male kid, and that the object of this ceremony 
is to obtain the favour of KMi and her consort for the continu- 

• Trans. N.8. Inst., vol. xx., “Ancient Alphabst* in Polynwia,'' b>’ E 
TrstSar, F.R.G.S. (London : TrQbner and Co.) 
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ancc of the family* Now the Durm Pujah and its equivalent 
ceremony in Upper India occur in October, at the beginning 
of the healthy season with abundant food*aupplics. This is one 
more instance of the perfect adaptation of the Hindu religious 
calendar to the natural changes of the seasons. 

Allahabad, September 9. S. A, HiLL, 

Shell Collector's Difficulty. 

Cam any of your readers help me in the following case? 1 
am a shell -col lector, and my minute and delicate species {Dip- 
lommaiina and such like) are kept in glass tubes, i have lately 
Oibterved that some of the tubes in the cabinets were becoming 
opa^e \ A milky efflorescence seemed clouding the insiae 
iur/uc*. 1 found the same thing in a box containing about 
100 that I had pUceti on one side. I then opened a box of 500 
which had never been unpacked since they were received, some 
four years ago. AH these arc more or less affected ! I then 
opened a tliird box, from another .maker, and in this 500 1 
oDserved many beginning to be affected. What can be the 
reason? £ach of these tubes is tightly corked, and 1 see the 
glass under the cork is not affixUd. I have tried various means 
to restore the clearness without avail. . 1 have boiled some, and 
roasted some in the sun, steeped others in alcohol, oil, &c. ; 
notliing seems to do any good. Can any of your scientific readers 
divine the cause, and suggest a remedy ? E. L. Layard. 

British Consulate, Noumea. 


** Fauna and Flora of the Leaser Antilles." 

In the article on this subject in Nature of August r6 (p. 
37 1), it is stated that Guild ing discovered a Peripatus in 
Dominica many years ago. This is« I believe, an error, for 
Guifding’s P\ripatus juh/orme was found by him in St. Vincent, 
an island to the south of Dominica, and the 6rst specimen of 
Ptrij^ius found in this island was, I understand, the one now in 
the British Museum, taken home by Mr. G. Augas. 

The rediscovery of the Dominica Ptripaius is rather curious. 
In i 883 '“^» special request of Prof, Moseley, I searched 
for the animal in all likely i>Iaces, but did not succeed in finding 
any specimens. At that time 3 *rof. Moseley and I were not 
aware of Mn Angas'sdiscovery. I mentioned my non*success to 
Mr, Ramage, and asked him to look out for the interesting 
animal, and, strange to say,, soon afterwards his boy brought 
him three specimens, but Mr. Ramage has not been able to ob- 
tain any more. I employed the same boy after Mr. Ramage had 
left Laudat, and he brought me two specimens, and said that he 
could find no more although he had searched for several days. 
These two I sent to Prof. Moseley at Oxford. A few weeks 
ago another specimen was brought to me front the windward (or 
eastern) side of the island by the same boy, who found it nlwut 
300 feet above the sea, nbt far from the coast. Eaiidat is on the 
leeward side, at an elevation of about 2000 feet above the sea, 
and on the Margin of the virgin forest. I'hc six specimens of the 
Dominica P^ipittus receruly found may not belong to a new 
species, but the rarity of the animal is interesting. Flad it been 
common in any degree, Mr. Ramage and T must have found it, but 
neither of us has succeeded in doing so. 

Mr. Ramage, who has been labouring with unflagging zeal, 
leaves to-day for St. Lucia, but he will return here later on in the 
year, so as to continue his botanical work. 1 1 is Bpecimons of the 
forest flora form, I believe, the most c )mplete collection that has 
yet been made in the island, and his enthusiastic work deserves 
recognition. H. A. Ai.fori) Nicholls. 

Dominica, West Indies, September 15. 


Sun Columni. 

With reference to the siamltaneous appearance of five sun 
columns described by Mr. Brauner (August 30, p. 414), the 
blowing descriptions of three different manifestations of the 
phenomenon may perhaps be of interest. 

April 19, 7.25 to 7.37 p.m., calm, sky clear except 

a smoky grayish haze low on the western horizon, behind 
which the sun had set. The solar rays concentrated into one 
perpendicular cemtinuous beam of uniform diameter with the son, 
and reaching to an altitude of about 2o^ The beam sharply 
define^, and of a reddish tint strong enough to be detected 


behind the haze. Near the summit A few tinted strips ef ine 
cloud forming an angle, and giving the wlmle ap^tsumnee^ 
as described by the person who oailed my attention to tt, nf *' a 
ship’s mast and yards, ” No trace of side rays visible. 

lune ro, S to 8.25 p.m., sun set bdlow horixbti ; to an 
altitude of aiiout to”, sky comparatively dear, only a little eirro# 
stratus ; above this, to an altitude of 20 ^ the drro-'Stratns much 
more dense, and in this part only was a soil column dUtlnetly 
visible, terminating abruptly, and showing no trace in the ciiru- 
cumulus above. In the lower lo” there was also no evidence of 
the column. It was at first of an old gold colour, then gradually 
changed to a deeper red by 8. 15 p.m., when the clouds on both 
sides were suffused wilh the same tint/ and by 8.27 it had 
disappeared. 

These two cases 1 observed from my own residence ; the third 
haK been communicated to me by Mr. W. Manning, who was 
chief officer of the ship Batman when he witnessed the 
phenomenon. Not having access to the ship’s log, he could not 
give me the exact date and position, but it was some four or five 
years ago, “ in about 25* or 30” S. lat., and from 120” to 130” W. 
long., during tlie first dog watch (4 to 6 p.m.), observed the suu 
at an altitude of about 2^ of a dull red colour, with all its rays 
apparently drawn together and forming a pillar of light reaching 
from the sun down to the horizon, and about the sun’s diameter 
in breadth." Mr. Manning told me that of all the curious sights 
he had seen at sea none had been so impressed on his mind as 
this sun pillar. 

These are instances of continuous pillars from the sun upwards 
and downwards, one showing the half furthest from the sun 
only. Hy. Harries. 

Rosebank, Hounslow, September 28. 

THE DEPORT OF THE JCRAKATAI) 
COMMITTEE OF THE ROYAL SOCIETY} 

II. 

A N appendix 10 Prof. Judd’s section on the geological 
aspects of the eruption embraces a series of data 
collected by Dr. Meldrum, F.R.S., of Mauritius, regarding 
the falls of dust and the occurrence of masses of pumice 
throughout the Indian Ocean in 1883-84, which he had 
already communicated to the British Association in 188$. 
Mr. Scott’s prefatory note thereon shows that while such 
data are of value in exhibiting the immense magnitude of 
the eruption they cannot help to throw much fresh light 
upon the question of the Indian superficial oceanic circu- 
lation, since the pumice was evidently affected almost as 
much by the motion of the air as by that of the water. 
Thus, while a comparison of the two maps reveals a general 
westerly drift in the direction of the well-known left- 
handed circulatory system of the Southern Indian Ocean, a 
detached phalanx of pumice masses off the north-west coast 
of Australia in 1884 (in the second map) shows, as Mr. 
Scott observes, a probable drift thither before the north- 
west monsoon which would prevail in those seas from 
November 1883 to March 1884.” 

In one other point, however, apart from their general 
interest, these data are valuable in confirming the general 
westerly trend of all the ejecta at the time of the eriiption 
—a fact whose significance becomes subsea uentfy so 
marked when dealing with the spread of the 
phenomena. 

In the plates of geological sections winch am appended 
to this Part attention should he paid to <3) (4) (5) (6) of 
Plate 4, in vh ch natural and artificial pumice and dust 
from Krakata7) are comparei, since they have an im- 
portant bearing on Prof. Judd’S conclusions. 

Part II. of the Report, which deals with the air waves 
and sounds caused by the principal eruption of KrhJto^ 
on August 26 and 27, was prepared, under the dirdctlijm 
of Ueut-Gencral Strachey, F-R-S., principally by 
It H. Curtis, of the Meteorological Office. , 

The air-waves, at apart from iMiftial 
of the most catraordinary features of thi* i^uqoe oiMfT 
L ' C'Mttlnuvd ftom p $4a* ’ . ' ? 
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bmt; for, while it is possible thsit similar waves were 
propi^tea through the atmosphere during great 
eruptions in foriner years, these appear to be the only 
instances recorded of anything of the kind on such a 
vast scale since the est^ishment of continuous self- 
recording barometers. 

That air-waves caused by the sudden expansion of 
the erupting gases could leave a perceptible record on all 
the barometer traces as far as the antipodes of Krakatab, 
is of itself a sufficiently remarkable fact, but that such 
waves could record their passage back and forwards no 
less than seven times, is a circumstance which even now, 

. five years after its occurrence, fills us with astonishment 
A selection of forty-seven stations has been made, which, 
as far as possible, represent the habitable world ; and 
the times of passage of the wave from Krakatab to the 
antipodes ana from the latter back to Krakatab have been 
deduced b)* comparing the significant, and in many cases 
similarly-shaped, notcries in the barometer traces. 

Of course, wliere, as in the present case, the form of the 
wave itself was complicated, gradually became deformed, 
and was traceable for no less than 127 hours from its 
comoiencernent, perfect accuracy in determining the precise 
moments of {passage of the various phases could scarcely 
be expected. Yet it is evident on the face of it that a 
very nigh degree of accuracy has been attained, by which 
not only can the precise moment of the great outburst 
be determined by the simple process of calculating back- 
wards, but also certain variations of velocity be traced 
in portions of the wave which took different routes over 
the globe. 

The general pace at which the air-wave spread outwards 
in concentric circles from Krakatab as a centre, was 700 
miles per hour, whicli is slightly less than the velocity of 
sound at zero Fahrenheit, viz. 723 miles. The entire circuit 
of the globe and back was thus made in about thirty-six 
hours. Also, by a careful comparison of times and 
probable errors, the probable moment of the /p^at^st 
explosion is calculated to have been ah. 56m. G.M.T., or 
9h, 58m. local time, on tiie morning of August 27.* 

This great explosion appears to have been not only the 
culminating point of the Krakata'b eruption (the pre- 
ceding minor outbursts appearing as a mere roughening 
of the barometer scale, ora series of moderate oscillations 
on that of the gasometer at Batavia), but owing to its 
surpassing intensity, a feature altogether peculiar to this 
eruption f and one by which it will always be distinguished 
from others, such as that of Asama (J ap:in) an .1 Skaptar 
Jokull in 1783, or Tamboro in 1815, which, in respect of 
the amount of material ejected in the form of lava, and 
other effects, appear to have equalled if not exceeded it. 

One of the most interesting results of this discussion 
of the Krakat^ air-wave has been the discovery of its 
variation of speed according as it travelled W/i or aj(alnst 
the earth's rotation. As a general fact it may be said 
that such variation is plainly traceable to the prevalent drift 
of the winds, 

Thus in the extra- tropics the wave moving from west 
to east was accelerated, and that from east to west 
retarded, by about 14 miles per hour ; while within the 
tropics the wave which passed through Mauritius and 
Ivoanda was affe:ted in a precisely reverse manner, the 
passage eastwards being retarded, while that westwards 
was comparatively unaffectetl, the amount corresponding 
to an east to west wind of about 10 rnlles an hour. It is 
at least curious to notice, that on p. 35 of the Motions 
of Solids and Fluids,” by Prot Ferrel (Wushin^on, j88a), 
the value of the due E, to W. component of the trades 
between 15® N. and S. lat. is given as 10 per hour, 
White the mean of the W. to E. component of the anti- 
trade«t <br latitude 45® at the eattVs sur&c^ and a height 
of 3 mites above it, is exactly 14^ per hour. 

* Ml ehfcjrs hy only 4 viiaurst from 10b. th* tpoeb dsttrimnad froio 

ftesrliit* by Virbnk. 


The g^reatest general retardation took place in the 
Southern Ocean, possibly owing to the low temperature of 
the southern hemisphere in August. All these points are 
very distinctly shown in the diagrams. 

As regards the actual sounds, the facts are without pre- 
cedent. The unvarnished record reads like a fairy tale. 
When we are told that at distances of over 2000 miles 
from the volcano, the noise was like the firing of heavy 
guns, and that at numerous points of the Indian Ocean 
steamers were despatched in search of supposed vessels 
in distress, we are prepared to accept with less hestitation 
the numerous other collateral evidences of the enormous 
explosive energy which generated them. 

The area over which the sounds were heard is roughly 
estimated at one- thirteenth of the entire surface of the 
globe. In other words, it was nearly equal to Europe and 
Africa together, or slightly exceeded that of both Americas. 
All these details are illustrated by numerous diagrams. 
Part III., by Captain W. J. L. Wharton, R.N., F.R.fi,, 
deals with the so-called seismic sea waves generated during 
the eruption ; one of which not only dealt death and destruc- 
tion all over the Straits of Sunda, but travelled as far as 
Cape Horn, and possibly the English Channel. 

it appears that there were two sorts of waves generated 
— one of long period (two hours), which alone recorded 
itself on the automatic gauges and travelled to great 
distances; and others* of much sh(vrtcr period, which 
were mostly confined to the immediate vicinity of the 
volcano. 

The only hypothesis by which the facts can be recon- 
ciled, according to Captain Wharton, is that at the time of 
the greatest explosion, at 10 o’clock on August 27, “waves 
of both characters would be more or less synchronously 
formed,” the longer wave being caused by upheaval, and 
the shorter ones, which caused the destructive effects in 
the Straits of Sunda, by the displacement due to ejected 
masses or fragments of the volcano falling into the sea all 
round it. 

In proof of upheaval, which appears to be the only 
probable cause of the longer wave. Captain Wharton cites 
the generally shallowed condition of the sea immediately 
surrounding Krakalat), especially on the northern side. ’ 
We cannot, however, help observing that, according to 
Prof. Judd, the geological evidence is entirely against 
upheaval throughout the area ; and the formation of the 
new shoals and islands is attributed by him soiefy to the 
piling up on the sea floor of the coarser matter, including 
the framework of the volcano, which was ejected during 
the explosive outbursts. It is a remarkable fact, indeed, 
that during the eruption there was no trace of any local 
seismic disturbance such as might be supposed to accom- 
pany an upheaval of the ground. A variety of peculiar 
effects were witnessed, such as clocks stopped, lamps 
broken, and houses cracked, but all of these were traceable 
to air and not earth vibrations. 

The precise cause, therefoie, of the long wave will, as 
Captain Wharton says, “ever remain to a great extent un- 
certain.” One fact, however, remains clear— that both it 
and its minor predecessors were distinctly connected witl 
corresponding explosions from the crater, which recorded 
themselves in unmistakable language on the gasometer 
pressure-gauge at Batavia. Whatever the precise proxi- 
mate cause^ there Fore — whether slow upheaval, according to 
Captain Wharton, orthc impact of falling matter, according 
to Prof. Judd— the action commenced with each explosion. 

The height of the local manifestation of the great wave 
at 10 o’clock is estimated to have been 50 feet, though in 
places where it reached the shore it appears to have run 
up to 70 feet. 

The terribly destructive effects of these shorter “ super- 
seismic ” waves, of which this one appears to have lieen 
the ^oatest, ate amply detailed in M. Verbeek’s Report, 
and accompanying views of the localities visited. 
They reached the above majestic height only in the 
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immediate vicinity of the yolcano^ rapidly falling off in 
. sice at a comparatively short distance from the Sunda 
Straits. 

The longer waves, with the original period of two hours, 
are traced by automatic and eye observations to have 
proceeded mainly in a westerly direction from Krakat^, 
being noticeable^ at Ceylon, all over the western part of 
the Indian Ocean, the south coasts of Africa and South 
America, the west coast of Australia, and possibly— though 
the evidence is not free from doubt— as far as the west coast 
of France and the entrance to the English Channel In 
other directions, such as the China Sea, the Pacific, and 
the Gulf of Mexico, they do not seem to have been felt, 
the supposed indications not being compatible in any way 
with the times and distances. 

As a general result, it may be said that the mean depths 
deduced by the formula V from the best data for 

the speed of the waves, corresponded fairly with that 
given by the soundings, but in nearly every case the formula 
gave a smaller depth than the soundings. This and other 
circumstances lead us to conclude, not so much that the 
formula is incorrect, but that, with so few, and in some cases 
such badly placed, automatic gauges, and from such com' 
plex oscillations as seem to have occurred in many of those 
discussed in this section, it is scarcely possible to arrive 
at anything but a very rough approximation to the mean 
depths. The shelving of the bottom near land, which in 
many cases is not well determined, and the possible exist- 
ence of ridges in mid- ocean, constitute obstacles to a 
determination of mean depth, which is all the passage of 
such .waves can indicate. In so far, however, as they yield 
an approximate check of this kind on soundings, their 
observation ought to be encouraged by the establishment 
of more automatic gauges in suitable spots. 

One very peculiar feature of the Krakata“b long waves 
is that, while their original period when leaving Krakatab 
was two hours, they became subdivided (possibly by an 
interpolated series caused by reflection from the coast of 
Java) into waves of half this period j and, by the time they 
reached the North Atlantic, into waves of about one-quarter 
of this i;«riod. Their consecutive oscillations could thus 
only be identified with those of the original oscillations 
by doubling 6 t quadrupling the observed periods. 

Although at great distances from Krakata"b the height 
of the largest long wave was, as might be expected, only a 
few inches ; at such comparatively remote places through 
the more open route to the west as Ceylon and Mauritius, 
the higher and shorter waves made their presence felt 
to heights of several feet, and created considerable 
astoni^ment as well as damage in these localities. 

Like the air and sound waves, the occurrence of 
seismic waves on such a scale and over such a wide area 
appears to have been quite unprecedented ; and iheir dis- 
cussion, like that of the former, wilt in the present case 
probably yield results of considerable value to hydrography 
as well as other branches of science. 

{To be continued,) 


FOUND A TIONS OF CORAL REEFS. 

T he following extract from a letter from Captain 
Aldrich, R.N., H.M. surveying-ship E^eria^ now- 
employed in the Pacific Ocean, is interesting from several 
points of view, 

" . , , . The following morning at daylight (July lo) we 
picked up 268 fathoms (volcanic rock) some considerable 
distance southward of the Pelorus Reef. This, again, will 
involve a further search, Twelves miles to the northward 
the depth was 444* and two subsequent soundings at five- 
mile intervals gave 713 (oo*e) and 888 (ooze). From here 
the soundings continued to grow shoaler, until in lat 
zt 51' S., long, r/b* 36^ W., we wunded in 335 fathoms 
(cinder), being close to the assigned position of the 


Pelorus Reef. The water deepened again to 719 (cinder), 
wl^n we hove to for the night. On July 1 1 we continued 
about this position, the shoalest sounding being On 
the 1 2th we continued the search, and by fallowing up at 
quarter-mile intervals struck 9$ fathoms late in the aner- 
noon. Prepared a beacon, and the following day (July 
13), after excellent star observations, sounded and shewed 
as yesterday, and when the men were standing by to slip 
the beacon, discoloured water was reported from the 
mast-head ; it was almost immediately seen from the 
deck, and by 9 a.m. the beacon was dropj^in 34 fathoms, 
with a stretch of Hght-greenish water extending in a 
northerly and southerly direction for about half a pile. 
The whalers were lowered, and remained all day in this 
green water. , 

“ Meantime more discoloured water was reported from 
aloft, and I sent Mr. Kiddle up with his glasses, and he 
verified the report ; so, leaving the boats on the Pelorus, 
I went with the ship, and, after going two miles, I made 
out the small streak from the poop. It had remained 
as steady as possible, and had every appearance of being 
a very small shoal. The ship was taken to within 100 
yards of it, and the dingy lowered to get a sounding on 
it ; no bottom, however, could be got, so the ship was put 
in the middle of it and a sounding of 150 (no bottom) 
obtained. A bucket of this water was drawn and a 
bottle of it preserved, but I do not see anything in 
it to account for the light greenish colour, and it may 
be that the colouring matter may not lie actually on the 
surface ; the fact remains, that this small patch was 
sighted at very nearly three miles distance mom aloft, 
and that even when within 100 yards of it I believed it to 
be shoal-water, and that a sounding of \ 50 (no bottom) 
was actually obtained in the middle of it. On our return 
to the Pelorus, I was not, therefore, much astonished when 
I found that no very shoal water had been got by the boats. 
The ship was anchored in 14 fathoms, not far from the 
beacon, and the wire machines put into the whalers, and 
a search on bearings from the standard compass and 
mast*head angles carried on during the afternoon and on 
the next day, July 14* Nothing less than 14, however, 
was got, and I am under the impression that nothing less 
is to be met with, as the bottoms are loose ashes and 
cinder ; so that, as in the case of the Graham Shoal, 
there may have been a shoal quite recently which does 
not exist now. 1 think that had there been anything 
dangerous about it we should have seen it, as anchoring 
in 14 fathoms mid- ocean caused many inquiring eyes to 
be cast around 

** Another curious thing about the greenish water is 
that 1 went over it all in die ship ; and the line between 
it and the dark water was most distinct Moreover, the 
shoalest sounding of 14 fathoms was not found in the 
light water, but in the dark water alongside it. There 
was no sign of coral among the bottoms brought up. . . . 
My attention was pretty well occupied at this time, and it 
did not occur to me to do more than have a bucket of 
the water drawn from the green colour to preserve, which 
has been done. Afterwards, 1 much regretted that 1 did not 
get specimens from different depths, as certainly this is a 
most curious instance of, in one case, picking up a shoal 
from the existence of some colouring matter, not co^ ; 
and, in the other, of being almost positive that a ^oal 
existed where an actual sounding proved it not to do sa 
1 can quite excuse a man reporting a shoal under su^ 
circumstances, and it may be that a good many of th« 
reported dangers have come on the charts in this way. . ^ 

The position of the Pelorus Reef referred to is ip hit 
,33® S., long. 176° W., about forty miles sotm 

S ^lstaart Island, which is volcanic, Tlw reef was 
y reported in t86t by H.M.S. Comm^wM 

Seymour (now Lord Alcester),Uie ship {Missing 
third of a mile of it, wdien breakers were distinct ietni 
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Lord Alceftter assures me that there was no doubt of 
the breakers, otherwise it might be thought that the 
deceive appearance that misled Captain Aldrich, also 
mislra the <mcers of the Felorus. 

It thus appears probable that, as in some other cases 
(of which the Graham Island in the Mediterranean is 
perhaps best known), the cinders and ashes which formed, 
and still fonn, the summit of the volcanic mound origin- 
ally thrown up, are being by wave- action gradually swept 
away, and will continue to be so removed until the top of 
the bank is reduced below the limit of such action, or, as 
in the case of the Graham Shoal, the solid rock is laid 
bare. 

If so, it is another case of the preparation of a suitable 
foundation for coral builders by a process directly the 
reverse of that of building up by marine organisms on 
mounds that have failed to reach the surface, suggested 
by Mr. John Murray to be the principal method. 

It remains for those who have made submarine erup- 
tions their study to say whether a moilnd raised in the 
sea is covered with loose matter in a sufficient percentage 
of cases to Justify this mode of coral-foundation-making 
being given an important place amongst others. 

Jn the latest known cases of islands so form^, viz. 
Steers and Calmeyer Islands, thrown up near KraWatab in 
1883, and Falcon Island, which appeared in 1885 in the 
Tonga Group, the surface structure was loose. The two 
former very shortly disappeared below the level of the sea. 
What is happening to the latter is not known, as it is 
seldom sighted ; buti from its volume and height (290 
feet) the process of reduction, even if no compact nucleus 
exists above water, must be slow. 

The deceptive appearance of the masses of minute 
organisms which floated in the vicinity of the bank is no 
doubt an abundant source of false reports. These clouds 
of matter arc commoner in inclosed and calmer waters, 
like the Red Sea, than in open oceans, where they are so 
much more liable to be dispersed by the waves before 1 
they can accumulate to any size. The assistance they 
afforded in this instance to the searchers is remarkable, 
and so far as I know unique, as they are generally found 
in deep water. W, J. L. Wharton. 


RECENT VISIT OF NATURALISTS TO THE 
GALAPAGOS. 

C APTAIN J. M. DOW has placed at my disposal 
the subjoined short account of a visit recently paid 
to the Galapagos Group by the United States steamer 
Alb0tross^ which will, I am sure, be of much interest to 
naturalists. P. L. Sclater. 

U.S. Commission of Fisk and Fisheries. 

Steamer Albatross Acapulco^ Mexico.^ 

. April 24, 1 888. 

Captain J. M. Dow, Panama. 

My Dear Sir, — T hinking that you might like to know 
something of the results of our tnp to the Galapagos, I 
take this opportunity of writing. 

Leaving Panama on the morning of March 30, we made 
during that day six hauls of the trawl in depths from 
7 to 51 fathoms. These gave us fine results, including 
many species with which you are doubtless familiar. 
The fishes included species of Upeneis, Arius, Poly^ 
nemus^ Apkronitia^ Serranus^ Selene. Prionotus, Hamu- 
lim, S^oaus, Tetrodon, O^kidium, SdmnaylUkropogon, 
Lpphius. We were delighted to see Thalasophryne 
and two allied species. The number of shells, Crus- 
tiacea, was almost innumerable. Tl^ care of so 
much mat^al kept us very busy. The next day we 
sonnded off Cape Mala, and found the depth to be 1937 
fijcSuems; No more dredging was done nntfi we neared 
the Oalaiuigps oh, April 3, when we made a haul in 1379 


fathoms, where the amount of material obtained was 
small, although it included some very good things. At 
the islands we made visits to eight of the principal ones, 
Most of our days were spent on shore, beginning early in 
the morning, and oftentimes bird-skinning and other work 
was prolonged far into the night. The islands presented a 
very inhospitable look along the shores, with the black 
lava cropping about everywhere ; but in two of them 
(Chatham Island and Charles Island) the interior was 
extremely fertile and pleasant Collecting was always 
difflcuU ; but, with the co-operation of officers and men, 
we obtained a great quantity ot material. We naturally 
looked to the birds first, on account of Darwin’s previous 
work there. We have over 250 good bird-skins, besides 
several hundred specimens in alcohol, and a few skeletons. 
Of the fifty-seven species before reported from there, we 
obtained examples of fifty or more, and we have, in 
addition, several which arc apparently new to science. 
We hope, with our material, to settle some of the curious 
problems of these islands. 

We secured specimens of all the reptiles which have 
been before found there, and also hope that we have two 
or three new lizards. The tortoises excited great interest, 
and it would please you to see the many large ones which 
are now crawling about our decks. We expect now that 
we shall be able to raise them in the States. 

Fishing was good at all of our anchorages, and we all 
had sport in catching fishes over the ship’s side. We 
got between thirty and forty species in all, including a 
large brown grouper,” which is there caught and salted 
for the Ecuador market. 

One night, while running from one island to another, 
we stopped and drifted for a while, and put the electric 
light over the side. Besides many small things, large 
sharks came around in great numbers. More than twenty 
were seen at once, and I know that the sight would have 
pleased you. We all regretted that you were not with 
us. Notwithstanding the necessity for rapid work, good- 
fellowship always prevailed as usual. I hope that some 
time you may take a trip with me on the Albatross^ and 
see how we do it. 

Hoping that this will not prove too long an account for 
you, 

I remain, 

Yours very sincerely, 

Leslie A. Lee, 


THE BRITISH ASSOCIATION 
Section A— Mathematical and Phvsical Science. 

A SimpU Hypothesis for Electro^piagnetu: Induction of In- 
complete Circuits ; with Consequent Equations of Electric 
Motion in Fixed Homogeneous or Heterogeneous Solid Matter^ 
by Sir William Thomson. 

(1) To avoid mathematical formulas till needed for calculation 
consider three cases of liquid ^ motion whicli for brevity I call 
Primary, Secondary, Tertiary, defined as follows:— Half the 
velocity in the Secondary agrees numerically and directionally 
with the magnitude and axis of the molecular spin at the 
correspondine point of the Primary; or (short, but complete, 
statement) the half velocity in the Secondary is the spin In the 
Primary^ and {simitarly) half the velocity in the Tertiary is the 
spin in the Secondary. 

(a) In the Secondary and Tertiary the motion is essentially 
without change of density, and in each of them we naturally, 
therefore, take an incompressible fluid as the substance. The 
motion in the Primary we arbitrarily restrict by taking its fluid 
also as incompressible. 

(3) HelmhoUz first solved the problem— Given the spin in 
any case of liquid motion, to find the motion. HU solution 
consists in finding the potentials of three ideal distribudons of 
gravitational matter having densities respectively equal to z/4ir 
of the rectangular components of the given spin ; and, regardi^ 

* I ute “liquid “ for brevity to eignify incoin|»re««ble fluid. 
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for a momeot these potentials bs rectaneular components of 
velocity in a case of liquid motion, taking the spin in this motion 
as the velocity In the tequlred motiom Applying this solution 
to find the velocity incur ^condary from the velocity in our Tcr- 
Uaiy, we see that the three velocity components in our Primary 
are the potentials of three ideal distrioutions of grnvitatiorml 
matter having their densities respectively equal to i/4ir of the 
three velocity coipponents of our TertiniV. This proposition is 
proved in a momenC.^in | 5 below, by expressing the velocity 
components of our Tertiary in terms of those of our Secondary, 
and these of our Secoadary in terms of those of our Primary ; 
and then eliminating the velocity components of Secondary, so 
as to have those of Tertiary directly in terms of those of Primary. 

(4) Consider now, in a fixed solid or solids of no magnetic 
auaceptibility, any case of electric motion in which there is no 
change of electrification, and therefore no incomplete electric 
ctijcuit, or, which is the same, any case of electric motion in 
which the distribution of electric current agrees with the distri- 
bution of velocity in a case of liquid motion. Let this case, 
with velocity of liquid numerically eaual to 4ir times the electric 
current density, be our Tertiary. The velocity in our corre- 
sponding Secondary is then the magnetic force of the electric 
current system ;* and the velocity in our Primary is what Max- 
well * has wdl called the electro-magnetic momentum at any 
point ** of the electric current system ; and the rate of decrease 
per unit of time, of any component of this last velocity at any 
point, is the corresponding component of electromotive force, due 
to electro-magnetic induction of the electric current system when 
it experiences any change. This electromotive force, combined 
with the electrostatic force, if there is any, constitutes the whole 
electromotive force at any point of the system. Hence by Ohm’s 
law each component of electric current at any point is equal to 
the electric conductivity multiplied into the sum of the corre- 
sponding component of electrostatic force and the rate of 
decrease per unit of lime of the corresponding component of 
veloci^ of liquid in our Primary- 

(5) To express all this in symboUi, let («j, ?n,), (u^, 

and iffg) denote rectangular components of the velocity 

at time /, and point (x, y, a) of our Primary, Secondary, and 
Tertiary. We have (§ i)— - 
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from (2) by (i), wc find— 
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But, by our assumption {§ 2) of incompressibility in the Primary—- 


(ix dy d% 


Hence (3) becomes— 


o 


. C4) 


ws = 


- 




•( 5 ) 


where, as in Article xxvii, (November 1846) of my *' Collected 
PapOT^‘(vol. i.}- 

+ (6- 


dx^ 


dy^ 


Th» (s) is the promised proof of § 3. 

(6) Let now k, v, w denote the components of electric current 
at (jr, *) in the electric system of § 4 ; so that — 


4war=tf,= - v’tti ; 4ir^=az/j=: - ; i{irw=zjv^^ - . (7) 

which, in virtue of (4), give— 


du ^ dv ^ 
dx "dy da 


( 8 ) 


* Profn PVtason's wed-known afemmtiury theorem, V^V s ~ 4*^ 

* ‘^fileckrostaucM and Uagaethm," | 517 (PoaUcript) (A 
3 *'BlcctrIdty and Mn^noiism/’ || 565, 604. 

* MaKWeU, Cor^quatermoiuc rciuans, ukea vS th« ticipBtivc tif mine. 


Hence the components of electromotive force due to change of 
current, l>eing, (§ 5)— 

_ flSwg dtJfi dtth 

"dr " dr * /S ’ 

are equal to— 




^dv 

dt' 






>(9) 


and therefore if V denote electrostatic potential, we have, for the 
equations of the electric motion (§ S)— 

k\ dt dx) K \ dt dy) 

I / ^d7v d^\ /--V 

- 7J 

where k denotes 1/47 of the specific resistance. 

(7) As V is independent of /, according to § 4, we may, 
conveniently for a moment, put — 


, d^ , d^ „ , d^ ^ 

-tt-h - =j 9 ;w-|- ... = 7 . 

Kiix . icdy Kitz 


and so find, as equivalents to (9) — 


da V dQ 

7 / 


v’(.« : ^ = V*(« 7 ) 


.(w) 


. (t2) 


The interpretation of this elimination of V may be Illustrated 
by considering for example a finite portion of komogmstms 
solid conductor, of any shape (a long thin wire with two ends, 
or a short thick wire, or a ^olid globe, or a lump of any shape, 
of copper or other metal homc^cneous throughout) with a constwt 
flow of electricity maintainea through it by electrodes from a 
voltaic battery or other source of electric energy, and with proper 
appliances over its whole boundary, so regulated as to keep any 
given constant potential at every point of the boundary ; while 
currents are caused to circulate throng the interior by varying 
currents in circuits exterior to it. ^ere being no changing 
eUctnJication by our supposition of 4, V can have no 
contriljution from electrincation within our conductor ; and 
therefore, throughout our field — 

V- V « o {13) 

which, with (8) and (ii), gives— 


da r/B 
dx dy 


dt 


.(14) 


Between (12) and (14) we have four equations for three unknown 
quantities. These, in the cane of honiogemousncss {k constant), 
are equivalent to only three, because in this case (14) follows 
from (12) provided (14) is satisfied initially, and proper surface 
condition is maintained to prevent any violation of it from 
supervening. But unless k is constant throug|hout our field, the 
four equations {12) and (14) are mutually inconriatent ; from 
which it follows that our supposition of unchangtti£ness of 
electrification (§4) is not generally true. An intemring axtd 
important practical conclusion is, that when currents are Induced 
in anyway, in a solid composed of parts having different electric 
conductivities (pieces of copper and lead, for example, fixed 
together iri metallic contact), there must in general be changing 
electrification over every interface between these parts. This 
conclusion was not at first obvious to me ; but it ought to be so 
by anyone approaching the subject with mind undisturbed by 
mathematical formulas. 

(8) Being thus warned off heterogenconsness until we come 
to consider changing electrification and incomplete circuits, let 
us apply (10) to an infinite homogeneous solia. As (8) holds 
through all space according tp our supposition hi § 4, and as k 
is constant, (13) must now hold througn all spoce, and therefore 
nr = o, which reduces (10) to — 



I s dw 
H ~di 


•(r 5 > 


These ^nations express simply the known law of tlidga 
fnagntitc iaduttiom Maxwell’s eqnatiqm < 7 ) of 8 7^3 flf W* 
** k.lectrictty and Magnetism," become, in this case— 

(4*C + K » **«, *c {ii% 

which camiot be right, Xthsnk(???)| omrdtiit to any 
hypothesis regarding electric conducLivky, whether of at 
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or g;Qtn8y or resiiw, or wax, or ftheU-Uc, or gutta<petch«, 
or india-rubber, or glasses, or solid or liquid electrolfies ; 
being, as seems (?) to me, vitiated for complete circuits, the 
curious and ingenious, but, as seems to me, not wholly tenable, 
hypothesis which he introduces, in I 6x0, for incomplete 
circuits* 

(9) The hypothesis which I suggest for incomplete circuits 
and cobsequently varying . electrilcation, is simply that the 
components of the electromotive due to electro -magnetic induc- 
tion are still 4irr"V«////, &c. Thus for the equations of 
motion we have simply to keep equations (lo) unchanged, 
while not imposing (8), but instead ofit taking — 


"a = 

\(fx dy dz J 


dt 




(16) 


where "7'” denotes the number of electrostatic units in the 
electro-magnetic unit of electric quantity. This equation ex- 
presses that the electrification of which V is the potential 
inci eases and diminishes in any place according as electricity 
flows more out than in, or more in than out. We thus have 
four equations (lo) and (t6) for our four unknowns, v, aq V; 
and I find simple and natural solutions wdth nothing vague, or 
difficult lo understand, or to believe when understood, by their 
application to practical problems, or to conceivable ideal prob- 
lems ; such as the transmission of ordinary or telephonic signals 
along submarine telegraph conductors and land-lines, electric 
oscillations in a finite insulated conductor of any form, trans- 
ference of electricity through an infinite solid, &c. This, how- 
ever, does not prove my hypothesis. Experiment is required 
for informing us as to the real electro- magnetic effects of in- 
complete circuits, and as Helmholtz has remarked, it is not easy 
to imagine any kind of experiment which could decide between 
different hypotheses which may occur to anyone trying to 
evolve out of his inner consciousness a theory of the mutual 
fjtce and induction between incomplete circuits. 


Oti ihe Tmnsfen'ftr^ of EUctrUity witkin a Homogeneous Solid 
Conductor y by Sir William Thomson.— Adopting the notation 
and formulas of my previous paper, aatl taking f» to denote 4v 
times the electric density at time /, and place (.r, y^ «), we 
have — 

and, eliminating 7\ 7a, V by this and (16) from (lo), we find, 
on the assumption of k constant--' 




’'dt 


dt^ 




(18) 


' The settlement of boundaty conditions, when a finite piece of 
solid conductor is the subject, involves consideration of k, Vy w, and 
for it, therefore, couations (17) and (la) must be taken into ac- 
count ; but when the subject is an infinite homogeneous solid, 
which, for simplicity, we now suppose it to be, ( 18) suffices. It is 
interesting ana helpful to remark that this agrees wKh the equa- 
tion for the density of a viscous elastic fluid, found from Stokes's 
equations for sound in air with viscosity taken into account ; and 
that the values of «, 7 \ w, given by (17) and (to), when p has 
been determined, agree with the velocity components of the 
elastic fluid if the simple and natural enough supposition be 
made that viscous resistance acts only against change of shape, 
and not against change of volume without change of shape. ^ 
For a type- solution assume — 


* *7rjr 2trv 2irc 

00s /cos . . 

4 ibc 

■ ■ (' 9 ) 

atwl we find, by xubstitutlon in (18I— 


, * , 

? - D? + -17- “0 ■ . • ■ 

• ■ (JO) 

where— 


* l<) ••• 

. .( 3 » 

liffDce, by toludoxi of the quadratic (ao) for 



. .(a*) 


rise tromatonicatioifi to the Section nomerioal illuatrations 
hOft'Wi^ory and of osdlUitory disdhatige are ghra.] 


Eive Appiicatio$is of Fourier's Law of DiffmioHy ilfmUedeii 
by a Diagram of Curves tvith Absolute NumerUal Valmsy by 
Sir William Thomson, — >(1) Motion of a viscous fluid * (a) closed 
electric currents within a homogeneous conductor ; * (3) heat ; 
(4) substances in solution ; (5) electric potential in the conductor 
01 a submarine cable when electro-magnetic inertia can be 
neglected,® 

1. Fourier's now well-known analysis of what he calls the 
‘‘linear motion of heat ” is applicable to every case of diffusion 
in which the substance concerned is in the same condition at all 
points of any one plane parallel to a given plane, 'fhe differ* 
ential equation of diffusion,® for the case of constant diffusivity, 

Ky is 

dv d-v 
dJ "" 

where 7 t denotes the quality" at time t and at distance jc from 
a fixed plane of reference. This equation, stated in words, is 
as follows Rate of augmentation of the ** quality" per unit 
of lime is equal to the diffusivity multiplied into the rate of 
augmentation per unit of space of the quality " 

The meaning of the word '^quality" here depends on the 
subject of the diffusion, which may be any one of the five cases 
referred to in the title above. 

2. If the subject vs motion of a viscous fluid, the " quality " 
is any one of three components of the velocity, relative to rect- 
angular rectilineal co-ordinates. But in order that Fourier's 
dittusional law may be applicable, we must either have the 
motion very slow, according to a special definition of slowness ; 
or the motion must be sviph that the velocity is the same for all 
points in the same stream-line, and would continue to be steadily 
so if viscosity were annulled at any instanr. This condition is 
satisfied in laminar flow, and vnorc generally in every case in 
which the stream-lines are parallel straight lines. It is also 
satisfied in the still more general c.a.se of stream- lines coaxal 
circles with velocity the same at all points at the same distance 
from the axis. Our pre^^ent illustration, however, is confined 
to the case of laminar flow, to which Fourier 'g diffusional laws 
for what he calls “linear motion" (as explained above in ij i) 
is obviously applicable without any limitation lo the greatness 
of the velocity in any part of the fluid considered (though with 
conceivably a reservation in respect to the question of stability*). 
In this case the “ quality " is simply fluid velocity. 

3. If the subject is electric current in a non- magnetic metal, 
with stream-lines parallel straight lines, the quality" Is simply 
current-density, that is to say, strength of current per unit of 
area perpendicular to the current. The perfect mathemical® 
analogy between the electric motion thus defined, and the cor- 
responding motion of a viscous fluid defined in § 2 was accentu- 
ated by Mr. Oliver Heaviside in the EUctriciany July 12, 1884 ; 
and in the following words in the Philosophical Afagazine for 
1886, second half-year, p. 135; — “ AVater in a round pipe is 
started from re^t and set into a state of steady motion by the 
sudden and continued application of a steady longitudinal drag- 
ging or shearing force applied to Us boundary, 'fhis analogue 
is useful because everyone is familiar with the setting^ of water 
in motion by friction on its boundary, transmitted inward by 
viscosity.” Mr. Heaviside well calls this analogue “u.seful." 

It is, indeed, a veiy valuable analogy, not merely in respect to 
philosophical consideration of electricity, ether, and ponderable 
matter, but as facilitating many important estimates, particu- 

* This subject in ciuemiaUy the “electro-magnetic induction" of Henry 
and Faraday, It is easenually diflerent from the " diffusion of elecrricity ” 
throuj^ a solid investigated by Ohm in his celebrated p.'tper *' Die Oalvan- 
ische tCette maihemntisch })«arbcitet/* Berlin, 1837: trail lated in Taylor'e 
“Sdemific Memoint,’^ vol, it. Part 8, “The Gatvantc Circuit tavestigated 
Mathematically,'* by Dr. G. S. Ohm. In Ohm's work electro- magnetic 
ioduoiion is not taken into account nor does any idea of an electric anrdogue 
to inenin. t^tpear. 't he electromoiive force considered is simply that due to 
(he dUTemnea of electrostatic potential in different parts of tne circuit, un- 
satJifactorily, and even not accurately, explain'd by wliar, speaking in his 
pre-Oreen.an time, he called 'the electro^opic force of the body." and de- 
fined or explained as “the force with which the electroscope is repelled or 
attracted by the body ; “ the electruecope being “a second movable body of 
invariable electric condition." 

* This fiubifct belongs 10 the Ohmian electric diffusion pure and simple, 
worked out by aid of Green's theory of the capacity of a Leyden Jar (see 
“ Mathematical and Physical Piper." vol. ii. Art, qf. 

8 See “ Machematicaf and Physical Pa^wrs," vol. ii. Art. 73. 

* 8 mt ‘'SiaMUty of Fluid Uctiou," ( a8, I'hxlosopkktU MagmsUnOy 
August 3887. 

5 It U eWKiftially a mathematical analogy oidy ; ia the same kiur n th« 
relation between the “unifonn motion of heat" and the matlwnaiied 
theory of electrickyi which I gave in the Camkiitige MathemmiictU Jourwai 
forty-six y»ra a^ And which now consttrutes the first article of Biy 
“ Ewetrosksttes and Magnetism," is a merely mathematical atnloityi 
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some relating to telephonic conductors and conductors for 
j^ctrlc lighting on the ** altenmte-current ** system. In a short 
article to m included in vol iU. of my collected papers, which 1 
ho^ will soon be published, I intend to describe a generalisa- 
tion» wHh» as will pe seen, a consequently essential modthcation 
of &i$ analogy, by which tt is extended to include the mutual 


induction between conductors serrated by air or other 
lators, and currents in solids of difiSnrent condnctii^ty dxed 
together in contact. 

4. If the sul^ect is hCat, os in Fourier’s original developlneht 

of the theory of diffusion, the ** is temperature. 

5. If the subject is diffusion of matter, the is 



UivcRAM SHUWIN« pK(.GRa«« OF hAUlNAx Drfri sio.v. 


density of the matter diffused, or deviation of density from some 
mean or standard density com^idered. Jt is to Kick, thirty*three 
ago Demonstrator of Anatomy, and now Professor of 
in the University of Zurich, that we owe this appli- 
cation ofFaurieriB diflfusional theory, so vitally important in 
physiological chemistty and physics, ami so valuable m natural 


phdosophy generally. When the substance through which the 
dilmsion takes place is fluid, a very complicated Imt practically 
impotent sublet is present^ if the fluid be stirred. Tlie ex* 
ceeditmly rapid progress of the diffusion produced by vigofOni 
cwwing to be done in half a minm the 
difrusional work which would require yeara or oentuHes if the 
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flu^d were qnieecentf i$ easily explained ; and the explanation i» 
Umtiited by the diagram of curves, $ 7 belo^, with the time- 
values ^ven for sugar and common salt. Look at curve No. i, 
and thinh of the corresponding curve with vertical ordinates 
diminished in the ratio of 1 to 40. The corresponding diffusion 
would take place for sugar in 1 1 seconds, and for salt in 3 J 
seconds. The case so r^resented would ouUe correspond to a 
streaky distribution of brine and water or ot syrup and water, in 
whidi portions of greatest and least salini^ or sacchannity are 
within I^f a millimetre of one another. This is Just the condi- 
tion which we see, in virtue of the difference of optic refractivity 
produced by difference of salinity or of sacchannity, when we 
stir a tumbler of w^er with a quantity of undissolved sugar or 
salt on its bottom. If water be poured very gently on a quantity 
of sugar or salt in the bottom of a tumbler with violent stirring 
up guarded against by a spoon-^the now almost extinct Scotthn 
secies called “ toddy ladle " being the best form, or, better 
still, a little wooden disk which will float up with the water ; 
and if the tumbler be left to itself undisturbed for two or three 
weeks, the condition at the end of 17 x lo** seconds (twenty days) 
for the case of sugar, or 5 '4 x 10'' seconds (six days) for siUt, 
will be that represented by No, 10 curve in the diagram. 

6. If the subject be electricity in a submarine cable, the 

quality^' is electric potential at any point of the insulaterl 

conductor. It is only if the cable were a straight line that x 
would be (os defined above) distance from a fixed plane : but 
the cable need not be laid along a straight line ; and the proper 
definition of x for the application of Fourier’s formula to a sub- 
marine cable is the distance along the cable from any point of 
reference (one end of the cable, for example) to any point of the 
cable. For this case the diffusivity is equal to the conductivity 
of its conductor, reckoned in electrostatic units, divided by the 
electrostatic capacity of the conductor per unit length insulated 
as it is in gutta-percha, with its outer surface wet with sea- water, 
which, in the circumstances, is to be regarded as a perfect con- 
ductor. For demonstration of this proposition see vol. ii. 
Art Jxxiii. (1855) collected papers. 

7. Explana$ion of Diagram snowing Progress of Laminar 

each curve- 



where x denotes (he number of centimetres in fW, and i the 
curve-number.” The curves are drawn directly from the 
values of the integral given in Table III., apj>ended to De 
Morgan’s article **On the Theory of ProbabiUtics,” ** Ency- 
clopiraia Metropolitana,” vol. ii. pp. 483-84. 


NP denotes the “ quality ” 
(defused below) 


at distance ~ ON from initia 
surface or in(erface, 
and at time equal in seconds to 
[ ’ ‘ curve-number ”? divided 
by sixteen times the diffus- 
ivity in square centimetres 
per second. 


Subject of DiffuKion. 

Motion of a viscous fluid ... 

Closed electric currents within 
a homogeneous conductor 

Heat ... 

Substance in solution 

Electric potential in the con- 
ductor of a submarine 
cable 


QuMy " ( represented by A 


Ratio of the velocity at N to 
the constant velocity at 0 

Current -density 


Ratio of temperature minus 
mein temperature to mean 
temperature 

Hntio of density minus mean 
density to mean density 

Ratio of, potential at N to 
constant potential at end O 


EXAMFLli.5, 

Case af Diffusion. 


Curve- number.*' 

Time in Seconds. 

i 

27056 

1 

2 S 7 »> 

I 

17000 

1 

5400 

5 

1180 

s ! 

1 18 

5 

30 

5 


5 

1 1 * 3 * 

1 

10 

0-0488 

10 

00^ 

10 

0*0038 

10 

0-0023 

1,000,000,000 

1 

2-IS 


1 Zinc sulphate through water 
! Copper sulphate throhgK 
water 

Sugar through water 
Common salt throoc^ water 
Heat through wood 
Laminar motion of water at 
10" C. 

Laminar motion of air 
' Heat through iron 
Heat through copper 
Electric current m a homo- 
geneous non-magnetic 
conductor : < 

Copper 
Lead 

German silver 
Platinoid 

Electric potential in the 
Direct U.S. Atlantic 
Cable 


Prof. G. H. Darwin sent a paper Oh the Mtchanical Con-' 
dttioHs of a Swaim ^ Meteorites and on I'heoru^ of Cosmo^ny* 
— This IS an abshm^ of a communication madfe to the Royal 
Society, in whic&jloumtbor proposes to apply the principles of 
the kinetic theorjr cC gases to the case of a swarm of meteorites 
in space. In the author’s theory the individual meteorites are 
considered to be analogous to the molecules of the gas ; and thus 
a swarm of meteorites, in the course of Conglomeration into a 
star, possesses mechanical properties analogous to those of a gas., 
Lockyer and others have expressed their conviction that the 
present condition of the solar system is derived from an accretion 
of meteorites, but the idea of fluid pressure seems necessary for 
the applicability of any theory like the nebular hypothesis. 
The author then propo.ses to reconcile the nebular and meteoric 
theories by showing tnat the iawH of fluid pressure apply to a 
swarm of meteorites. The case of a globular swarm of equal- 
sized meteorites is considered, and then the investigation is 
extended to the case in which the meteorites are of various 
sizes ; the latter extension does not affect the nature of the proof, 
and only slightly modifies the result. In the case of a swarm of 
meteorites condensing under the mutual attraction of its parts, 
ihe author shows that the larger meteorites will tend to settle 
towards the centre of condensation, and that consequently the 
mean size of the meteorites will decrease from the centre towards 
the outside of the swarm. 


NOTES. 

We mentioned some lime ago that the executors of the late 
Sir William Siemens, desiring to have his biography authori- 
tatively published, had placed its preparation in the hands of 
Dr. William Pole, F.R.S., Honorary Secretary of the Institu- 
tion of Civil Engineers, who had long lieen a personal friend rS 
Shr William and his family. The work is now finished, and will 
be published immediately, in one volume, by Mr. Murray. It 
will be followed by other volumes, containing reprints of Sir 
William’s most important scientific papers, lectures, and 
addresses, edited by his secretary, Mr. E. F, Bamber, 

ALL who take an interest In questions relating to technical 
education have reason to be grateful to the GoldBoiths' 
Company for the way in which it has associated itself with the 
movement for the establishment of technical and recreative 
institutes in South London. By an act of splendid generosity it 
has secured that there shall soon be a great centre of technical 
instruction at New Cross. Subject to the sanction of Parlia- 
ment, which will of course be readily granted* the following 
proposal has been accepted. Out of the surplus funds of the 
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City parochial charities, ^ the Charity Commissioners are to 
acquire the buildings, with seven acres of land, at present occu- 
pied by the Royal Naval School at New Cross ; and from the 
same source they will set apart an endowment of /'2500 per 
annum. This will be met by the Goldsmiths^ Company by the 
appropriation out of theircorporate funds (not trust funds, but funds 
over which they^ave absolute control) of an annual endowment 
of a simUar amouht — a gift equal to a sum of ;fS5,coo. It is 
intended that the new Institute shall be called ** The Goldsmiths’ 
Company’s (New Cross) Institute.” 

It is satisfactory to learn that all the scientific work connected 
with the Fishery Board for Scotland is now absolutely in the 
hands of a small Committee, of which Prof. Kwart is convener, 
and that the Board has at last a scientific secretary. A Special 
Committee on Bait, appointed by the Secretary for Scotland, 
began its sittings on Monday. 

The first meeting of the Council of the Sanitary Institute, 
which has recently been incorporated, was held at the Parkes 
Museum last Friday. Sir Douglas Gallon, K.C.li., F.R.S., was 
unanimously appointed Chairman of the Council, and Mr. G. J. 
Symons, F.R.S., the registrar. The Institute is founded to 
carry on the work of the amalgamated Sanitary Institute of 
Great Britain and the Parkes Museum, and it w.as decided to 
hold the Inadtute’s first examination for i0c.1l surveyors and 
inspectors of nuisances on November S and 9. A programme 
of lectures for the winter session is being prepared. A letter 
was read from the Charity Commissioners saying that they 
considered that the new Institute was likely to prove a powerful 
means for the diffusion of sanitary knowledge, and promising to 
place at its disposal, for the delivery of lectures, the buildings 
which the Catnmissioners propose to establish in various parts of 
London. 

The delegates to the Internatioial Bureau of Weights and 
Mnaasures are hard at work at the Pavilion de Breteuil, near St. 
Cloud. They are taking steps to verify the “prototype metres ” 
which have been executed at the expense of the French 
Government, and are to be delivered to the various nations 
which have ordered them. The expenditure of this establish- 
ment, which is supported by contributions from several nations, 
amounts to ;£'4000. The head of the administration is M, 
Broch, a Norwegian astronomer and meteorologist. Turkey 
is nominally one of the subscribing nations, but she has never 
contributed a farthing to the funds of the Bureau, and some time 
ago the other nations were obliged to subscribe a supplementary 
sum to make good the deficiency. 

The School of Art Wood -carving, City and Guilds Institute, 
Exhibition Road, South Kensington, has been rc-opened after 
the usual summer vacation, and we are requested to state that 
one or two of the free Studentships in the evening classes 
maintained by means of funds granted to the scUoA by the 
Institute are vacant. To bring the benefits of the school within 
the reach of artisans, a remission of half-fees for the evening 
class is made to artisan students connected with the wood- 
^rving trade. Forms of application for the free Studentships 
and any further particulars relating to the school may be 
obtained from the manager. 

Ten lectures on “ Electricity in the Service of Man ” arc to 
be delivered by Mr. W. Lant Carpenter, under the auspices of 
the London Society for the Extension of University Teaching, at 
the Chelsea Town Hall. They will be delivered on Fridays at 
8 p.m. The ttiaugural lecture, oa electrical energy and its uses, 
will he given on October 12, when Sir Henry Roscoe will take 
the chair. 

The sixth session of University College, Dundee, was opened 
by a public address by Prof. Ewing in the College Hall last 
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Saturday evening. Prof. Ewin^ gave an interesting accouiit nf 
I the progress whkh has lately been made in the teaching of 
I science in Dundee. 

I Herr Hernskbim, the German Consul at Matupi, one of 
the South Sea Islands, has presented hU native town, Mayenoe, 
with an ethnological collection which gives an interesting picture 
of the manners, customs, and conditions of life of the inhabitants 
of the Bismarck Archipelago, and the Caroline, Marshall, 
Pelew, and Solomon Groups. 

Towards the cost of the University just opened in Tomsk, 
Count Demidoff contributed ;£'9000, M, Cybulsky j^750o, 
and the State the balance, ;^22,ooo. M. Sibiriakofif has made a 
donation of ^8500 for scientific Scholarships. 

The lion. A, C. Houen, a Norwegian resident at Rome, has 
presented the Christiania University with for the pur- 

pose of founding scientific Scholarships. He recently gave the 
same institution 10,000 for a like object. 

At a recent meeting of the Geographical Society of Stock- 
holm, Dr. F. Svenonius read a paper on the origin and present 
state of the glaciers of Europe, dividing them into Alpine, 
Greenland, and Scandinavian. Referring to the latter, Dr. 
Svenonius stated that the glaciers of Sweden, to which he had 
devoted years of ^study, were far more important than was 
generally imagined. They could be divided into some twenty 
different groups, all being situated between 67“ and 68J® lat. 
N., i.<r, between the sources of the Pile River and Lake Torne. 
They number upwards of one hundred, and cover a total area of 
at least 400 square kilometres. The largc.st is the 5 k>rjik group, 
the area of which is between 6$ and 75 square kilometres. 

The great “Bibliography of Meteorology,” at which Mr. C. J, 
Sawyer, of the United States Signal Service, has been working 
for some years, is now completed. It comes down to the year 
1881, inclusive ; and Mr. Sawyer estimates that it contains 
50, OCX) independent titles. General GreeJy, the Chief Signal 
Officer, is anxious that the work should be printed ; and in bis 
last Annual Report he pointed out that, if this were done, future 
international co-operation would probably secure, by a system 
of rotation, from the various European Governments, the pnb^- 
Ucation of a series of supplements which would keep the world 
abreast of the steadily- increasing volume of meteorological 
publications. 

The Administration Report of the Meteorological Reporter 
to the Government of Bengal for the year 1887-88 states that it 
has been decided to submit, for two years only, brief accounts 
of the principal points, while every third year a detailed Report 
‘ is to be prepared. The present Report is the first of the trien- 
nial series. The most important changes during the year have 
been in the storm -signal service. Until recently, regular storm- 
signals were not allowed by the port authorities to be displayed 
in Calcutta, so that ships on several occasions left their safe 
anchorage in the port, and were proceeding down the river, 
before they became aware of the display of storm-signals. This 
condition has, however, been completely changed during the 
year 1887-88, and signals are now shown, hj ordere of the 
Bengal Reporter, in Calcutta, and have been extended to all 
the ports from the south of Burmah down to the extreme south 
of the Madras Presidency, or, roughly speaking, he has to warn 
a coast- line of about 2400 miles in length. His work and responsi- 
bilUy have therefore been very decidedly increased. The obarir- 
vationt for the weather service are now taken at 5 a.m; instead 
of to a m. The advantage of this change, for the issue of 
Storm-warnings in usefhl time, is obvious, 

The Pilot Chart of the North Atlantic Ocean for SepMaher 
shows that the weather during August was generally fine 
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thitt oce«o* G*les of vorytog force, however, o^orred about 
once a week over the steam -ship roates. On the 13th and 
X4th a depression moved along the coast of New England, and 
reached Newfoundland on the 15th; from this position it moved 
to the eastward, and appears to have reached this country. No 
other storm crossed tjie ocean entirely. Less fog was en- 
rounlened than is usual during August, and with the exv^eplion 
of a tew bergs in the Straits of Belleisle no ice was reported 
during the month, 

M. G. Rollin, of the French Meteorological Office, ha* 
published in the Anmles of that institution a valuable article 
entitled “ Remarks on Synoptic Charts.” He has carefully 
examined day by day the movements of the atmosphere, with 
the view of determining the possibility of predicting the arrival 
of storms coming .from the Atlantic. His experience of the 
American telegrams coincides with that arrived at in this country, 
that they cannot at present be turned to practical use in weather 
prediction. But he has made a serious attempt to render them 
useful in the future, by the establishment of certain types which 
connect the weather of the Atlantic with that of the adjacent 
continents, and he finds that many conditions, without being 
actually identical, are sufficiently alike to be classified together, 
f Jj5 concluding remarks, however, show that much further in- 
vestigation is necessary before any definite rules can be laid 
down, and tlmt the atmospheric changes are often so rapid that 
the difficulties of weather prediction on the exposed coasts of 
Europe are likely to remain very great for a long time to cojoe. 

A iiEAt/TiFUL crystalline substance of much theoretic interest 
was exhibited at the recent Bath meeting by its discoverer, 
Prof. Emerson Reynolds, F.R.S., of Dublin University, Its 
mode of formation and analysis prove that it is Si(NHC8Hij)4, 
or silicotetraphenylamide. It is the first well-defined compouml 
in which silicon is exclusively united with the nitrogen of 
amidic groups, and is formed by the action of excess of phenyl- 
amine on silicon tetrabromide. The new compound crystallizes 
from carbon disulphide in fine transparent, colourless prisms, 
which melt sharply at 1 3 2®. When heated in vacm^ aniline 
distils over, and a residue is obtained which appears to be the 
silicon analogue of carbodiphenylimide. Considering the im- 
portant part which silicon plays in Nature, and its close resem- 
blance to carbon — which affords a large number of important 
nitrogen compounds — it is .surprising that little is yet known of 
the relations of silicon'and nitrogen. The investigation of the 
new substance is likely to throw much light on this general 
question. 

At the same meeting Prof. Emerson Reynolds also exhibited 
a number of new silicon compounds of a different type from that 
above noticed. They were obtained by the action of silicon 
tetrabromide on the primary thiocarbamide and some of its 
derivatives. The products are addition compounds : that ob- 
tained with the primary thiocarbamide has the formula 
(H<NjCS)sSiBr4, and analogous compounds were formed with 
allyl, phenyl, and diphenyl- thiocarbamides. The allyl product is 
a colourless and very viscous liquid, the others are vitreous 
solids at ordinary temperature. When the primary thiocarbamide ' 
compound is dissolved by ethylic alcohol, it is decomposed, and 
affords tetra- and tri-thiooarlxamide derivatives free from silicon. 
The first of these products is a fine crystalline substance, whose 
formula is (H5NjCS)^NBr ; the second is a sulphihic compound, 
(H»NsCS}tBr. CfiHsBr. Prof, Reynolds succeeded in effecting 
the synthesis of the first compound by the direct union of 
thiocarbamide with ammonium bromide, and subsequently pro 
duced a series of similar bodies by substUudng for ammonium 
bromide the bromides^ iodides, and chloricfee of ammonium 
Althtmgh the derivatives of tbiocarbamide are very 
numttiQiUiif only thoee were known which result frofth tme or two 


molecule* of the amide ; but the existence of the new compounds 
exhibited by Prof. £. Reynolds proves that ihiocarbamide can 
afford much more highly-condensed products. 

An im{xirtaiit quantitative reaction between iodine and 
arseniuretted hydrogen has recently been investigated by Dr« 
Otto Bmnn, During a series of attempts to completely eltmlnaie 
arseniuretted hydrogen from sulphuretted hydrogen prepared 
from materials containing arsenic, it was found that this could 
be completely effected by passing the mixture over a layer of 
iodine. The mixed gases were first dried by passage through a 
calchim chloride tube, and were then led through a tube X2 men. 
wide, containing the layer of powdered iodine ; a plug of glass 
wool moistened with potassium iodide to remove vapour of 
iodine was placed at the end of the layer, and attached to the 
extremity of the tube were a couple of flasks containing lead 
acetate solution to absorb the sulphuretted hydrogen. On re- 
moving the iodine tube and beating the issuing gas in the usual 
drawn out form of hard glass tube, a fine mirror of metallic 
arsenic was deposited, but after insertion of the iodine tube not 
a trace of deposit was obtained, while a yellow coating of iodide 
of arsenic was formed upon the surface of the iodine. This led 
Dr. Brunn to experimentally determine whether the reaction 
was quantitative or not. Equal volumes of a roixtuce of 
hydrogen and arseniuretted hydrogen were passed in two suc- 
cessive experiments through a solution of silver nitrate in the 
one case, and over a layer of iodine 25 cm. long in the other. 
As is well known, stiver nitrate is quantitatively reduced by the 
hydride of arsenic to metallic silver, the arsenic being oxidized 
to arsenious acid. It was found that the amount of arsenic 
absorbed by the iodine was exactly equal to that absorlied by 
the silver nitrate, and hence the iodine reaction b happily found 
to be also a quantitative one. Chemists have therefore a ready 
means of freeing l>olh hydrogen and sulphuretted hydrogen from 
the Inst traces of this most objectionable hydride of arsenic. 
It was finally shown that hydride of antimony behaves in a 
precisely similar manner with iodine. 

The Trustees of the Australian Museum have issued their 
Report for 1887, The total number of visitors was 122,799, 
against 137,231 in X886, This Museum is open on Sundays 
from 2 o’clock to 5, and the privilege seems to be much ap- 
preciated. The average dally attendance throughout the year 
was 330 on week-days and 709 on Sundays. The collections of 
the Museum arc being steadily increased, mainly by purchases, 
exchanges, and donations, but also by collecting and dredging 
expeditions sent out by the authorities of the institution. An 
expedition, under the charge of Messrs. Cairn and Grant, to 
the BcUenden Ker Ranges, in Northern (Queensland, resulted in 
obtaining for the Museum about sixty- eight species (198 speci- 
mens) of birds, and eleven species (thirty-five specimens) of 
mammals, seven of which are new to the Museum, and three 
are new to science ; besides a number of insects and other In- 
vertebrates. The Trustees were enabled also during the year to 
send an Expedition to Lord Howe Island, in company with the 
Visiting Magistrate, Mr. H. T, Wilkinson. The Ethnological 
Hall referred to in last year’s Report has been filled up with 
cases, and the valuable ethnological collections, mostly acquired 
during recent years, are arranged there. The Trustees anticipate 
that this will prove to be ** not the least interesting portion of 
the Museum.” 

An interesting “Hand-book of Sydney ” has been published 
(or the use of the members of the Australasian Association for the 
Advancement of Science. The editor is Mr. W. M. Hamlet, 
Govemnient Analyst, Sydney. His abject is to give an epitome 
of the history, meteorology, geology, flora, and fauna of Sydney 
and the anrrounding neighbourho>d, together with a brief 
account of the commerce and industries which have grown up 
in the mother country of Australia during the first half-century. 
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This Royal Society of Canada has Uraed its Proceedings and 
Transactions during the year tSSy- This is the fifth volume 
of the series. Among the papers (some of which are in 
French) we may note the following : the Eskimo, by Franz 
Boas ; notes and observations on the Kwakiool people of 
the northern part of Vancouver Island, and adjacent coasts, made 
during the summer of 1885, with a vocabulary of about seven 
hundred words, by George M. Dawson ; on the Indians and 
Eskimos of the Ungava District, Labrador, by Lucien M. 
Turner ; on a specimen of Canadian native platinum from British 
Columbia, by G. Christian Hoffmann ; microscopic petrography 
of the drift of Central Ontario, by A. P. Coleman ; Michel 
Sarrazin : materia ux pour servir a I’histoire de la science cn 
Canada, by the Abbe Laflamme ; a review of Canadian botany 
from the first settlement of New France to the nineteenth century, 
by D. P. Fcnhallow ; illustrations of the fauna of the St. John 
group, by G. F. Matthew ; squirrels, their habits and intelligence, 
with especial reference to feigning, by T, Wesley Mills. 

The first volume of the ** Geological Record,’’ for 1880-84 
inclusive), has just been published. The second volume is partly 
in type, and will be ready by the end of the year. The editors 
are Mr. W. Topley and Mr. C. Davies Sherbom. Three altera^ 
tions have been made in this issue of the “ Record.*’ Titles only arc 
given ; physical geology is all included under one heading, 
instead of three as heretofore ; supplements are abolished, titles 
omitted from previous years appearing in the main text. 

Accoeding to the Report of the Committee of Council on 
Education (England and Wales) for the past year, the class 
subjects under the head of ** Elementary Science ” have practic- 
ally not been taught in the elementary schools throughout the 
country. Only thirty-nine schools have taken up any of these 
subjects, while geography* for instance, has been taught in 12,035 
schools. With regard to the training colleges for teachers it has 
of late years been arranged that success in the examinations 
in science held by the Science and Art Department should be 
reckoned in fixing the students’ places in the class list of candi- 
dates for certificates as teachers of public schools. It is curious 
that in the training colleges in Wales — Bangor, Carmarthen, and 
Carnarvon— not a single student presented himself in mathematics, 
theoretical mechanics, animal physiology, or inorganic chemistry; 
and out of 713 male students who passed the examinations in 
science under the Science and Art Department before entering 
training colleges in the country only seven passed in applied 
mechanics, nine in organic chemistry, and six in botany. Amongst 
the female i.titdents who passed the Science and Art Department, 
animal physiology and physiography were the favourite subjects, 
while not one passed in applied mechanics, only one in theoretical 
mechanics, and three in organic chemistry. 

We have received a copy of Rural School Education in 
Agriculture (Scotland)," the opening lecture delivered to an 
agricultural class of rural teachers in the University of Edinburgh 
by Prof. Robert Wallace. At the outset he gives a short history 
of agricultural education in the University of Edinburgh (the 
Chair was founded in 1790), and comments on the fact that the 
students attending his classes are rural schoolmasters from every 
county in Scotland. Last year a Government grant of £zoo to 
the University enabled the Senate to arrange special classes for 
his hearers. The students, he says, are not intended to be 
farmers. They arc to be, so to speak, literary experts on agri- 
cultural matters, who are to direct the minds of lads in rural 
dirtricts into proper channels, and to stir up amongst them an 
iotelligent curiosity as to the animal and plant life around them. 
A suggestion made by Prof. Wallace as to the formation of 
libraries for the help of the rural teachers is worthy of attention. 
Each of these libraries should have a cyclopeedia of agriculture, 
and one guinea a year should be expended on each to provide 
some leading agricultural periodical. Thb is aU that would be 


absolutely necessary. He also advocates the changing , of the 
text-books at present in use in agricultural classes in Scotland* 

Tkb additions to the Zoological Society's Gardens during the 
past week include a Patas Monkey {Ctreopitheem pat<is 9 ) from 
West Africa, presented by Master Lewis Levy ; a Drill BtU>ooa 
{Cynocepkalu$ ieucopfuem 9) from West Africa, presented by 
the Rev. G. H. . Richardson ; a Rhesus Monkey {Macacus 
rhesus 9 } from India, presented by Miss Jessie Bone ; a Com- 
mon Marmoset {liapale Jacchus) from Brazil, presented by Mias 
Maud Bryden ; a Ring-tailed Coati {JVasua rufa from 
Demerara, presented by Mr. Robert Sentonally ; two Grey 
Ichneumons {Herpestes gf'isem s 9 ) India, presented 

respectively by Mr. A. Cresser and Miss Alice Rutherford ; 
two West African Love Birds {Agapornis pullaria) from West 
Africa, presented by Miss Ethel Levy ; a Salt-water Terrapin 
(Ciemviys terrapin) from North America, presented by Mr. 
Nicholas Fenwick Hele ; four Blue-bearded Jays {Cyanoearax 
cyanopogon) from |Para, a Violaceous Night Heron {^ycticerax 
vhlaeeus) from South America, purchased ; a Laughing 
Kingfisher {Dacelo gigantea) from Australia, deposited. 

OUR ASTRONOMICAL COLUMN 

The Light-Curve OF U Ophiuchi.— M r. S. C, Chandler 
investigated the light-curve of this most interesting variable 
about a year ago (Nature, vol. xxxvil. p. 36), and found evi- 
dence of a slight shortening of the period. Mr. Chandler's 
light-curve also showed an irregularity in the increase of light 
after minimum, similar to that which Schonfeld had alre^y 
exhibited in the light -curves of Algol and S Cancri — a diminu- 
tion, that is, in the speed of recovery almost amounting to a 
short halt. It is evident that it is of great importance to decide 
whether this irregularity is due merely to 'some personality of 
the observer, or is truly characteristic of the star’s variation, for 
in the latter case it would be difficult to reconcile it with the 
view now generally held that the variability of stars of the Algol 
type is due to the transit of a dark satellite. Mr. Sawyer has 
recently published {Gould's Astronomical Journal^ No. 177) the 
light-curve from his own observations, which are 527 in 
number, made on 57 nights, and involve 1 135 comparisons. Mr. 
Sawyer's curve shows an irregularity similar to but slighter than 
that of Mr. Chandler’s, but the retardation takes place sooner 
after the minimum, and the mean of the two curves gives 
an almost Mrfectly symmetrical curve for both decrease and 
recovery. It would seem likely, therefore, that for this star 
at least this curious irregularity is a purely subjective one, and 
the regularity of the mean curve would seem to afford con- 
firmation to the satellite theory. 

Comets Brooks and Faye. — T he following ephetnerides are 
in continuation of those given in Nature, vol. xxxviii. p. 503, 
and p. 528 

Comet I BBS c (Broolcv). , Comet tS 80 d (Faye). 

1888. R A. '^Ded. I R.A. toacL 

^ m. e. g ^ j h. Dll A. o / 

Oct. 15 ... 16 14 43 ... 5 57 4 N, 7 33 ao ••• II II N. 

17 ... 16 19 50 ... 4 S 7'6 I 7 36 29 10 47 

19 ... 16 24 49 ... 4 o'l 7 39 32 ... io »3 

21 ... 16 29 38 ... 3 4-8 i 7 42 aS ... 9 59 

23 ... 16 34 22 ... 2 11*9 i 7 45 17 9 35 

25 ... i6 38 58 ... I 2r8 I 7 47 59 9 n 

27 ... 16 43 28 o 32-8 N, ! 7 SO 34 • * 9 47 N. 

• Comet 1888 e (Barnard).— M r. W. R. Brooks discovered 
this comet independently on the following morning to that on 
whicli Mr. Barnard discovered it at Mount Hamilton. 

EphtmtHs for Berlin Midnight (continued from NaTVER, 
vol, xxxviii. p. 528). 

*888. R A. Decl. Logr. Log A. aright* 

Oct. 12 62314... ^59*5 N.... 0*3523 ... 0*2550... 

14 ... 6 19 19 ... 6 397 

16 6 14 58 ... 6 18*6 ... 0*3466 ... 0*2265 ... 4*10 

18 ... 6 10 12 5 56*2 

^ 6 457... 5 3«'4 ... 0 * 34 X 0 ...0-1972 

SS 9 U... S 7-1 

P* 55 ... 4 40*3 N,.., 0*3354 ... 0*1672 ... 5*60 
The brightbeiiFoh September a has been taken as unity. ' 
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ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 OCTOBER 14 - 20 . 


/p*OR the wkcmiag of time the civil day, commencing at 
Greenwich mean midnight, counting thi hours on to 24, 
is here employed.) 


At Grtmwith ch October 14 

Son rises, 6fa. 25m. ; souths, iih. 45m. 54'5s. ; sets, X7h. 7m. : 
right asc. on meridian, I3h. 19 7m. ; decl. S'* 25' S. Sidereal 
Time at Sunset, iSh. 42m. 

Moon (Full on October 19, 2th.) rises, I5h. 33m. ; souths, 
2oh. X 3m.: sets, ih. im,"^: right asc. on meridian, 2 xh. 48 *6m.; 
decl, 15*44' S. 

Flaase. Rjiws. 

h, m. 

Mercury,. 8 57 

Venus 8 49 

Mars . 


Saturn.... 
Uranus ... 


12 15 
10 29 
O 22 
6 2 


SiHlthB. 

StftA. 

Right aac. 
on 

nnd declination 
meridian. 

h, m. 

h. in. 

h. m. 

0 

*3 Jt5 • 

. *7 3.3 . 

• 19 49 * 

... 19 37 s. 

13 23 

. 17 57 . 

. *4 57*> 

... 17 4 s. 

*5 57 • 

. >9 39 • 

17 3r6 

... *4 S3 s. 

14 40 . 

. tfi Sr . 

i6 147 

... 20 43 S. 

7 5 * • 

. 15 20 . 

9 *4‘* 

... 16 7N. 

M 33 . 

*7 4. 

13 69 

... 6 28 S. 

2 28 . 

10 14 . 

• • 4 07 

... 18 S3 N- 


Neptune.. 18 42*., 

* Indlcatcf th«( the rising i» that of the preceding evening and the setting 
that of the (bllowing morning. 


OccuUatioHS of Stars by the Moon (visible at Greenwich). 






Corretpoading 





angles tram ver. 

Oct. Star. 

Mag. 

DUap. 

Reap. 

tex to ri^t foi 





inverted image. 



h. m. 

h. in. 

n 0 

xfi ... 74Aquarii 

... 6 ... 

0 S7 • ‘ 

1 8 

... 66 49 

16 ... &.A.CJ8214 

... 6i ... 

21 21 ... 

— 

... 203 — 

20 ... M Ceti 

... 4 - 

43 39 ... 

0 4X+ 

... 63 338 

t Occurs on the followine mornina. 


Oct. h. 





20 21 ... 

Mercury stationary. 




Variable Stars. 



Star. 

R.A. 

Z>ecl. . 




h. m. 



h, m. 

U Cephei 

0 S 2'4 ... 

81 16 N. 

... Oct. 

16, 3 II m 

Mira Ceti 

2 137 ... 

3 29 S. 

* tf 

iSt M 

T Monocerotis ... 

6 19*2 .. 

7 9N. 

... , , 

18, 3 0 M 

U Geminorum' ... 

7 48 'S .. 

22 18 N. 

... ,, 

iSi M 

K Camelopardalis. 

14 26'! ... 

84 20 N. 

" * It 

17, M 

T Ophiucoi 

16 27*3 

15 S 4 s. 

... ,, 

18, M 

CJ Opbiuohi 

17 iO '9 ... 

I 20 N. 

... ,, 

16, 19 46 m 

Z SagtttarU 

18 14*8 

18 ss s. 

... 

17, 19 oM 

$ Lyrse 

18 46'0 .. 

33 14 N. 


19, 22 0 df 

R Lyr» 

18 51-9 

43 48 N. 

... ,, 

x8, M 

19 Aquilie ... ... 

19 4^ -8 .. 

0 43 N. 

ff 

20 , I 0 A/ 

TVulpeculae 

20 467 ,. 

27 50 N. 

... ,, 

20, 23 0 Af 

Y Cygni 

20 47*6 

34 U N. 

... ,, 

14, 3 0 w 




ti 

I 7 i 3 0 w 




*p 

20, 3 0 m 

^'Cephei 

22 2$'0 ... 

S 7 S« N. 


16, 23 0 m 

M eignifice maximum : m minimuii«. 



MeUer^Shawtrs. 




R.A. 

Dad. 



Near f' Ceti 

- ... 30 

... 9N. 

... Slow ; trained. 

„ c Arietis 

, ... 42 

... 20 N. 

... Swift 

,, If Orionis 

. ... 90 

... IS N. 

... The Ofiontfls. 

f, { Geminorum 

... los 

... 22 N. 

... Swiff ; streaks. 


GEOGRAPHICAL NOTES. 

We notice in the last number of the /stiesiia of the Hast 
Siberian Geographical Society (Vol. xtx. i), a tt^Bt interesting 
dtpittr by L- A. Jacsewski, on the geological result^ of the last 
Sayan expedition. The immense border bridge of the great 
plateau of East Asia, which stretches from^the sources of the 
lya to Uike Baikal, was Very little kho^m. Many explorers 
have, visited the vat^s of the Itkut and Oka which flow at 
its northern base, but very few have crossed it, and if they 
crossed the. huge ridge, it was mostly to the north of Lake 
absofloif mere a broad mssw is opened lowlknds to 

ii^teau. The Expedl^ of MM, FrSfNm jaezews 


crossed it at three different places, and thus obtained an insight 
into its geological structure. As to its age, it appears that lime- 
stones, most probably Silurian, lie almost undisturbed at its 
northern base, so that the hypothesis as to the great plateau 
having been a continent since the Laurentian or Huionian 
epochs is thus conflrmed. We notice also that, besides 
Munku Sardyk, 350Q metres high, there are in the Sayan at least 
three or four summits of nearly the same height ; and that, viewed 
from the south on the banks of the Kirlygoi stream, it appears 
as a massive wail, 700 metres high, having a direction from the 
north-west to the south-east. As to the complex ramifications 
of the Sayan, they are chiefly due to a most extensive action of 
atmospheric agencies, as was foreseen by Tchersky. Most 
interesting observations were made as to the formerly quite 
unknown glaciers of the northern slope, where they have the 
shape of narrow glaciers descending down a very .steep slope and 
taking their origin amidst wide snow -fields. Their lower ex- 
tremities reach a lower level than on the southern slopes. As to 
the former extension of glaciers, which was maintained by Kro- 
potkin, but doubted on account of prevailing theoretical concep- 
tions as to the non -glaciation of Siberia, M. jaezewski found 
plenty of striae and striated boulders which made him consider 
that glaciers formerly extended to a level of 1500 metres on the 
northern slope, and 1 700 metres on the southern slope turned 
towards the plateau. 

The French Maritime Survey is sending a special mission to 
map the coa^^ts of Madagascar, 'fhe officers will leave Paris in 
a few days, and are busy at the St. Maur Magnetic Observatory 
regulating their instruments for this purpose. 


ELECTRICAL NOTES. 


Prof. Fitzgerald (B. A. Address, Section A), in drawing 
attention to Hertz’s experiments, has done the greatest possible 
service to electrical science. Hertz not only proves the existence 
of the ether, but the fact that an electric field is due to the oscil- 
latory motions of the ether. Everyone who has the means will 
probably be repeating these experiments. The Electrician is 
publishing a capital rlsume of Hertz’s work by Mr. De Tunzel- 
mann. Prof. Fitzgerald himself had predicted this result at 
Southport in 1882, and Prof. Oliver Lodge has actually measured 
these wave-lengths-— the shortest ether wave measured being 
3 yards — by extremely simple and beautiful experiments. 

AcHESoN (Nature, July 26, p. 305) is pursuing in Pittsburg 
his inquiry into the influence of the disruptive discharges of 
gjwerful alternating currents. He confirms his formula, 

a ^ being the sparking distance in inches and a a 
constant, and finds for 


Dielectric. 

Spark:, between 

a. 

Air 

points 

*35 

Air 

j points and wire 

263 

Paraffin and cotton . . 

• n 

. 5822 

Ozlte and cotton . . . 

• n 

. 7759 


Ozite is a residuum of petroleum. 


Lenard and Howard {Electrotechnik Zeitsekriftt July 1888), 
have succeeded in making flat spirals of pure bismuth which, in 
the magnetic field, vary in resistance from 10 to 20 ohms, accord* 
ing to tne strength of the field, and form a good practical mode 
of roughly measuring its intensity as suggested by Leduc, 


Dr. Borgman, of St. - Petersburg {Phil. Mag., September 
1888), has been experimenting on the transmission of electric 
currents through air when flames or points are used as elec- 
trodes. Some years ago, Prof. Hughes showed many of his 
friends similar experiments with telephones, but for some reason 
or other he has never published the results. The experiments 
were extremely interesting, os indeed aw those of Borgman, 
who finds a difference in the surface resistance of the cathode 
and anode flames. He attributes mvtch to the influence of light 
as studied by Hertz, Hollwachs, Wiedemann and Ebert, and 
Arrhenius. These results have a very important bearing on the 
new views of electrical action that are following from the 
inquiries of Fitzgerald, Hertz, Lodge, and others. 

AK extremely suggestive and very original paper was read at 
the British Association by Prof. Hicks, ** On a Vortex Ana- 
logiie of Static Electricity/' Auran^ions, repulsions, lines of 
force, charge^ positive and negative electrificatioo, induction, 
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strains of dielectrics-^aii the m%in phenoo^ena of static eleoericUy 
admit dt explauation on the basis of hollow vortices In the ether. 
Moreover) the theory is applicable to chemical valency and to 
Faraday's law of el^trolvsis. It places Faraday’s ideal lines 
of force on a basis of reality, and it adds one more nail to the 
coffin of the material theory of electricity which it is to be hoped 
has now been safely buried. 

During a thunderstorm which lately burst over Barcelona, 
the c^tive ballooh in the Exhibition was struck by a lightning* 
flash and destroyed. The connecting*rope was probably of 
wire. 

The liehtning'Conduetor discussion at the Bath meeting' of 
the Britiro Association has raised the question of the oscillatory 
character of the Leyden jar discharge. This was suggested by 
Helmholtz, in 1853, as an explanation of the fact observed by 
Faraday^ that when electrolysis of water took place through a 
Leyden jar discharge passing through it, the gases at each elec- 
tr^e were mbied H and O. It was prov^ by Thomson, in 
1853, that if self-induction existed in the discharging circuit 
It must occur, and the oscillations were actually observed by 
Feddersen. The fact that needles and iron bars are magnetized 
militates rather against the theory, but Prof. F^wing {Electric 
nan, October 5) p. 712) suggests that oscillations in which the 
period lengthens while their amplitude decays would account 
for magnetization in layers. 


MOLECULAR PHYSICS: AN ATTEMPT AT A 
COMPREHENSIVE DYNAMICAL TREAT 
MENT OF PHYSICAL AND CHEMICAL 
FORCES} 

HI. 

Part IL— Electricity and Magnetism. 

§ la. RkctrostccHc Attraction, 

'T'HOM SON'S investigationa, considered in § I (August 33, 
^ p. 404), rest on mte assumption that the diameter of a 
molecule or atom is indefinitely small in comparison with the 
wave-length of the light, and therefore the conclusions do not 
hold go(^ for light-vibmtions of such small wave-length as to 
be comparable with the molecular diameters. The c ^nsideration 
of vibrations of this kind shows that they give rise to what are 
called electrical phenomena. 

These vibrittions, like the former, will affect the internal 
ene^y of the molecules, and the molecules will also have 
critical periods with respect to them. But instead of assuming, 
as before, that within a ffuitc but very shorty inferval, only one 
wave impinges upon a molecule, it must now be assumed that 
an indefinitely large nnmber of waves impinge upon the mole- 
cule at the same time, and that the effect of these waves is of a 
constant character. Suppose a sphere of a diameter differing 
only by an indefinitely small amount from that of a molecule, to 
be separated from the ether, and let vibrations of short wave- 
length impinge upon it from a fixed point, P. The first step 
will be to determine the energy, due to these vibrations, of the 
ether within the sphere. 

Let To be the least and the greatest distance of P from the 
spherical surface. The energy will be inverselpr proportional to 
the square of the distance, so that, where k is a constant, the 
energy of the vibrating ether within the sphere will be— 




where 5 = rj - /*, 


j and r lies between ra and r,. 

1 J t 


Now consider a finite space bounded by spherical surfaces of 
radii R(, and R, having their common centre at P, and by a cone 
With its vertex at P, and suppose it to be filled with spheres of 
diameters indefinitely near to those of molecitles ; then a finite 
nnmber of concentric spherical surfaces may be inserted bstween 
the two bounding spheres, at distances equal to the diameter of 
a molecule. The number of small spheres between any pair of 
these spherical surfaces will be proportional to the spherical 
surface included within the cone, so that, if is the element of 

' A Paper read htfbre the, Ahysioe-Economic Society of Kftnissh«ig, by j 
Prof. F. Undemaaii, on April 5, tS8S. Continued from p. 461. [ 


surface of the sphere of radius the tptal energy of the ether 
within the space considered will be pfoporUonal 

+ eV*/'*"’ • 

If, however, we assume that the small spheres aze not snf- 
ficiently numerous to completely fill the sbace, but that they 
may all be arranged along a Circular arc or radius K, then R^ 
in these denominators must be replaced by Ri, so that, writing 
^ R for 8, we find for the total energy-* 

where dy d% represents an element of volume in the most 
general form. \Vc therefore obtain the following important 
iwult : — 

If a ]x»rtion of space infinitely large in proportion to the dia- 
meter of a molecule contain’! a number of spheres of the size of 
a molecule, so sparsely scattered that they can all be arranged 
on a surface within (he space, then the total energy of the ether 
within all these spheres will be the same as rf the space were 
completely occupied by the spheres, and the energy of each 
element of space were inversely proportional to the nrst power 
of the distance of the element from the point P. 

Now suppose these spheres to be replaced by molecules with 
a similar scattered distribution, then the vibrations correspond- 
ing to their critical periods will increase their energy, while 
vibrations of different period will traverse the space unaltercfl, 
and therefore the molecules may still l>e regarded as specially 
susceptible to certain vibrations of very short period, just as in 
the cose of luminous vibrations. Let KK”^ be the energy of the 
ether within the space occupied by the molecules then the 
ponderable portions of the molecules will have their energy in- 
creased by an amount eKR'’^ where 8 is a proper fraction — 
that is to say, a force varying inversely as the square of the 
distance will act on the ponderable molecules. 

Now, it was shown in § i that for comparatively slow mole- 
cular motions the ether behaves like a jjerfect fluid, and there- 
fore it follows from the principles of hydrodynamics that the 
molecules must move in the direction m which the energy of the 
surrounding ether diminishes most rapidly — that is, towaids P ; 
for the increase in the energy of a molecule a« it approaches P 
must be accompanied by a decrease in the energy of the ether 
surrounding it. 

It therefore follows that the vibrations of very abort wave- 
length proceeding from P will have the same effect as if P had 
a charge of electricity, which suggests that elect rostatie pbeno- 
mena may be due simply to these vibrations in the ether, and it 
will be found that further investigation confirms this ooncluiioa. 
For the sake of brevity, the internal energy of a molecule due 
to vibrations of the short wave length here considered will 
henceforth be called electrical energy, and a molecule will 
be said to be electrically excited when Us electrical energy 
differs from zero. I'hc demonstration given in S S (p. 407)^ that 
there is a maximum value for the possible internal energy of a 
molecule, will apply also to the present case, so that there will 
l)c a maximum possible value gf the electrical energy of a mole- 
cule, depending upon the values of the constants which deter- 
mine its internal constitution. This result leads to the following 
pr^osition 

Two electrically excited particles will attract each other when 
the electrical energy of either one of them is, under the existing 
circumstanc^, susceptible of further increase. In the opposite 
ca<e there will be repuls’on.^ 

The truth of the latter pwtion of the preceding propovition 
is easily seen, for if two equally excited particles, or two excited 
to the maximum amount, were to ap^oach each other, the 
energy of the intervening ether would increase in the direction 
of motion, for the ether at a point in the neighbourhood of one 
of the panicles would receive an increase of energy from the 
approm of the other, while there could be no aKorptloa of 
ene^ by the molecule. This would, however, be In Contra- 
diction with the law of h^rodynamica according to which tjie 
motion takes place in the direction of decreasing energy.'^ 

aedw’ oiaAraiBd glow and SMllrtg-wax oa wwih other aud on 
ptth-bolt* is easily explalnod ffom this. The diffhMQoa bacMn P^Sfhiv* 
and BSgMivs slaetvicttj btinf awsly rslatiw, aopODie. k0«, to rmuvni a 
good difficultiw in du expbmation nf •laco«statie phSDMsHM^ j 
t » W« tharefiirs amme Ou txuth of HaxweU>‘^eratai^ figlrt-vibtWiiS 
exsrt a i^esnire iu ths dbsciton of prOMaaffon C ntoetrkity Artd IKat- 
nstim,** f 793)1 thb iritl only bt ta^ffioaTTbati Oifarastoa* m aliis art iBi 
by ibt poadifablnmolecolas. 
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To the oenditions for attraction and Vapal- 

sion rei^pei^rely, let M be the electrical enei^y, at unit distance, 
of a vibration proceeding from P, then the ehetyy at the distance 
ft is aS'hur as its effect on a molecule is concerned. Sup- 
pose a portion, of this to be absorbed where t is a 

proper fraction, then the repulsire force will be proportional to 
the ne^tive differential coefficients of (i - and there will 

be at Hie same time an attractive force proportional to the dif- 
ferential coefficient of sMR'^ The total repulsive force will 
therefore be proportional to its maximum value 

will be attained for # » o ; it will be zero for'e ~ \ ii will be 

attractive for 9 > %, and the attractive force will reach its 
maximum value for • i — that is to say, when the whole of the 
energy is absorbed. This may take' place when the two 
attracting or repelling particles are of the same substance. The 
expressions for these forces contain, in addition to R, a factor M 
depending only on the attracting particle, and a factor i - 2« 
depending only on the attracted particle. In the same way the 
second particle will exert u|K>n the first P a force proportional 
to (i “ 3 ij)NR"“, where v depends only on the first particle, and 
N only on the second. The electrostatic potential of the mutual 
action will therefore be— 

- (I - a«)(i - »n)MN (jgj 

R 


M and N measure the electricity radiated from the two 
particles respectively— that is to say, the excess of the inWrnal 
electrical excitation of the two particles over that of the sur- 
rounding ether. This excess may be negative, and therefore 
two uneleotrified particles may repel each other (when #■« o, 
tf o) provided the surrounding medium is excited. The next 
step would be to determine the turther motion of an attracted or 
repelled electrified particle, but since electricity in motion behaves 
quite differently from electricity at rest, as will be shown to follow 
from the author’s theory, the consideration of this problem must 
be postponed, Imt it may be noted here that an attracted particle 
can only continue to approach the attracting p'trllcle so long as 
its maximum eneigy has not been attained. They may therefore 
either continue to approach until the^ come into contact, or may 
cease to approach at a certain critical distance. The latter 
possibility aoes not seem allowable accoidingto experience, and in 
tact is found to be excluded when the motion is more fully con- 
sidered, and the author merely mentions it in this place to cal) 
attention to its relation to the objections brought by von 
Helmholtz against Weber's theory. 

Attempts nave already been made to explain Newtonian 
gravitation from electrostatic lactions.^ The attempt to explain 
gravitation in this manner derives additional interest from the 
author's theory of electrostatic action/ according to which the 
earth receives from the sun’s rays, not only heat and light, but 
also electrical ener^. I 

The theory of planetary motion should bt capable of being 
derived from the laws of electro-dynamics, and the authors 
theory may therefore possibly prove of great value for the 
explanattna of the phenomena of terrestrial magnetism, of 
meteorology, and may perhaps also throw some light upon the 
natter* of comets. 

§ 13. Eltctr<h 4 ynamk Potentii^l of Two Currtnts. 

Electrostatic action may be compared, according to the 
author’s theory, with heat radiation, since both series of phen9~ 
mena ore due to the transference of energy from the etlier 
to ponderable molecules. Similarly, heat conduction may 
be compared with electrical conduction. A body will be 
defined as a eonductor when its molecules, in virtue of 
apeda^ fkvourabte values of its critical periods and other 
consUitts, are so eeniitive to electrical energy as to easily absorb 
the maximum amount of internal energy, after which the centres 
of gravity of the moltciUe will begin to execute exceedingly small 
vfbririidiw. which Will be tnissmiitedliom moUci^ to £<^cnle, 
acewpamed by an absorption of deotrical energy by each mole- 
cule, m exactV ^7 mSteomes become 

lumlhour Cw the abso^tieh of energy ht the form df heat vibra- 
tions. Comemtidn, men, vrilltkfce place; by dechostatic radia- 

* By IgMtattU fbr «xaittpU, in tSfC; ZtKhitr’i ^ WlsMUsriuifHiclw 


tion from molecule to molecule.^ Those substances, on the other 
hand, in which the molecules absorb with difficulty the maximum 
amount of electrical energy, or in which internal electrical vibra- 
tions are only excited witn difficulty, will be non-conductors. 

The energy of an electrical vibration is inversely proportional 
to the square of the period of vibration, and therefore to the 
square of the wave-length, A. A very good conductor (and these 
alone are coni^idered in eUctro-dynamlcs) must have a very large 
number of critical wave-lengths lying so close together that their 
sum may be represented by a definite integral. Let be the 
smallest, and Ag the greatest, of ^he electrical wave-lengths to be 
considered in any given case, then the internal electrical energy 
of the molecule wnl be proportional to 


where a* is a value of A lying between Aj and Ag. Owing to the 
number Of critical wave-lengths being necessarily very large, 
Aj - Ai will be a finite quaiuity in comparison with A’. We 
therefore arrive at the conclusion that the total internal electrical 
energy Of a molecule of a good conductor is inversely proportional 
to a certain mean critical wave-length A\. 

If we now make the assumption that the electrified particles 
are moving relatively to each other with a given velocity, their 
mutual electrostatic action will be modified in the sam^ manner 
as if the wave-length of the electrical vibration proceeding from 
each of them were increased or diminished by an amount AA. 
Let c be the velocity of light, and p the relative velocity of the 
two electrified particles, in the direction of the line joining 
them, then we know that AA == Kp/c, Let r be the initial distance 
between the particles, and K/rK ^ M/r the initial electrostatic 
potential of one due to the presence of the other, then during the 
motion it will be — 


Let flfr be the element of length of the first conductor, and i/r' 
that of the second, and let $ and B' be the angles which they 
make with the joining line, then — 

p = ^. cos « - *' co» •' (»9) 

To determine the mutu.il action of the two current elements, 
each element must be assumed to consist of a pair 'of molecules, 
one of which has transmitted electrical energy to the other with- 
out having itself received a fresh supply, an assumption in com- 
plete accordance with the representation of a molecule as consist- 
ing of a series of distinct shells, and which takes the place of the 
assumption usually made that at each moment the quantities of 
positive and negative electricity" ort every current-element are 
equal. The two original elements will repel each other if the 
internal energy is electrically excited to on equal extent, or to 
the maximum amount possible in each. In order to fix the ideas 
this may be assumed to be the case in what follows. 

Let I, 2 , repreeent the two molecules of the [element tfv, and 
1’, 2', those of then the mutual potential of the two elements 
will be repnesemed by the sum — 

Pfj' -f Pjr H- Pj'g + Pjv; 

where P,^ lepresents the mutual potential of two molecules > 
and i. The author takes the potential such that its positive 
differential coefficient in any direction is equal to the component 
of force in that direction, and therefore wc nave— 

■n . M/ , p I P* 'l 


M 





r\ 

iit c 

'lit c / J 

Si r) 








^ rfj'cosff' 


^ dt € 



nee wi5[ zMCer’s e^clsias on thW. Sw 

^MagnitlMi/' Ari%^ 17, ^9* and 


> * Kuadt hat Jvcsndy shewn that bast conduction U probably affccrad ii 

a simfiar dor Bertin^r Akadomit^ t80», p. *71). 
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The comtant M« acconUog to (2S)f depeods on the two current 
Mement?, and measures uie electrical energy of the medium 
iMrtween them. 

In (30) « == o, 17 o ; in (31) « k o, ij “ i ; in (32) # = i, 
n « o; in (33) « = t, u = 

Substituting for p its value from (29), and neglecting the 
second and higher powers, we find for the electro-dynamic 
potential of the two current elements — 

(/V = cos 6 COB a' dsds* (34) 

€* 

which gives for the potential of two closed circnits— 

V = ^ j ® .... ( 35 ) 

where M is an electrostatic constant and r the velocity of light. 

In the case of closed circuits we know that the value of V 
remains unchanged if cos B cos 9 ' is replaced by cos {ds, ds'), 
and therefore we arrive at Neumann’s expression for the mutual 
potential of two closed circuits, namely — 

V = -* J cos dsds' (36) 

These expressions for V have been obtained by neglecting the 
second and higher powers of pjc^ ijc . dsfdi^ and tie . dpfdt ; 
moreover, the dependence of the energy on the wave-length was 
only expressed in terms of a mean i^ue, K ' ; so that the ex- 
pressions are only to be considered bb approximately true. It 
IS evident that they cannot hold good if cither of the quantities 

Pt or ^ become equal or greater than the velocity of light — 

that is to say, both the relative and absolute velocities of the 
particles must be less than that of light ; and it will be shown in 
what follows that this limitation is of the utmost importance. ^ 

, § 14. iVBber's Fundamental Law. 

von «HelmhoIU has investigated the mutual potential of two 
current elements on the assumption that it is of the form— 

. + v) cos {ds/Ls*) + ( I ” #f) cos 6 cos B' | dsds*. 

Putting K IS - 1, this expre^ion agrees with Weber's law and 
also with (^), showing that the author's theory leads to Weber's 
law. In fact, putting e = o, ft' v, and ds - ds* = </r/3, and 
taking the ium ’ of the electrostatic and electro* dynamic p^en- 
tials, we arrive at Weber’s expression for the potential of the 
two panicles, namely — 


and the author's expression for dV leads to Weber's expression 
for the repulsion between two particles, namely— 


M 


{ 


1 . *' 

W) H 



von Helmholts's objections against Weber’s law must now be 
considered, and his own examples may be taken.* 


> All tb« eUctric rayi proewedina from 2 will not be absorbed by 1' unleu 
(fi ») the two conduc tors are of the urae material ; if they are of different 
material, i md n can only approximately assume the value unity, and there- 
fore the eXpreuion (35) will only give an approximate value of the mutual 
potential. From a phyeieal point of view, it would perhapit be more raason- 
able to assume that the particles in the elements its and d$' respectively, 
instead of being, one strongly electrified and one unelectrified, arc ^stri- 
iHited in an approximately regular manner throughout all the intermediate 
stagai. In this cose the sum of the four expressions (3o)-(33) wUl have to 
be ittplaced by a double integral, of which this sum wilfbe the mean value. 

" 'nese conditions are known exMriinentally to be fulfliled, for while the 
velocity of light is about y}o,ooo kuometros a second, that of electricity in 
wirti u, according to Flioau, Gounelle, FrOhlich, and W. Siemens, from 
too, 000 to 960,000 kilometres a second. See Sir W. Thomson, *' Maihe- 
nmtical end Physical papeiiL'>oI. it. p. 131, and Wlillner's ** Experimental 
PhysUc,* vbl. IV. p. 403, 4th edition. According to the author's theory, 
the propagation of electric waves m vacuo must take place with the velocity 
of l«ht ; out the theory would not be affected if the velocity in air were 
founoVo be different. See vonHelmhdtx, ** WissenschaftlicheAb&ndlungen,^* 
Vd. ji. p. 6t9 *t teq. In fact. Herts has found this velocity to be distinctly 
greater dian that of light <fiir Berfiner Akademie, Febru- 

ary i8B8)l ^rhe increase may be due to the electrical excitation of the air 
psAticleB, and their consequent repulsive action on one another. With 
reapect to electro-dynamic determinations of the i^nstont c, see Himstedt, 
WUfdemami's vols. xxviii. and xxix. 

3 San Rienuuin, Sclwere, £)ectricltAt,)und Magnetismus,'* |i 96 and 97. 
It should be noted that Riemann uses c to denote the velocity hght mul- 
tiplied by V' 9 . It may also be noted that the author uses dt/dt and dy/dt to 
dtetc tlK-veloeity of propagation of an electrical ‘disturbance, and not 
directly that of a moteciw. 

4 witsie?iBchaftHche Abhandlungen," vol. it p. 636 et seq. The two nqua- 
tiDDB whieh fbllow euy be interpreted as manning tliat the quantity of 
deeme^y lA mocion depends on r, which is in agreement with I la. 


Su|>pose a pontkrable electrifietl Article of tnaK ^ to he 
pellftd by a gtaiionarv quantity af dloctricity at tho ongio» Hi tbe 
direction of the jott^ line r. Let a force of the otdi&i^ 
kind act on the m.iBs u so as to diminish n then the differdntSal 
equation of motion of the electrified particle will bc^ • 



or, putting M = pfic' 



Choosing the initial circumstances, so that / o, when the 
velocity and the work done by R are both sero, and supposing 
that r tlien has the value t, the principle of conaervatW of 
eneigy gives — 

where 

, « = K~.il. 

3 o dt 

If, now, R/'-< - M, von Helmholtz points out that the moving 
particle must always approach the stationary One ; its velocity 
meanwhile increases witnout limit until, for a disttmoe r = p 
(the so-called critical distance, see § la), it becomes infinite, so 
that a finite force can give an infinit^y great velocity to a 
mass /a by a finite expenditure of work. ThU impossible result 
is not, however, a consequence of the ai^thor's theory, owing 

to the limitations stated at the end of § 13. For if the velocity « 

at 

increases without limit, it must exceed that of the velocity of 
light, and then Weber’s law ceases to hold good. 

It would be easy, by expandii^ the four previously-considered 
partial potential expressions, in terms of r/y, cjds/dt, and 
cjdr/dtf to obtain k law for the further motion ; but there is no 
object in doing so, as it will be seen from what follows that this 
new law would again only hold up to a certain limit not far 
removed from the first. 

In the first place, it is doubtful whether, when moving so 
rapidly, the ponderable molecules could traverse the ether 
without resistance. In the second place, the electrical energy 
transferred from the fixed origin to the moving particle has been 
assumed to be inversely proportional to the wave-length, and 
the latter has been reganlea as varying gradually within the 
given limits. This was allowable for go^ conductors, since 
their molecules must \yt specially sensitive to electrical dis- 
turlmnce, and therefore have a very large number of very small 
critical i^riods. With the very great velocity assumed, the 
wave-le^ths of the disturbances proceeding from the origin will 
be greatly shortened before acting on the mass /a. It will follow, 
therefore, that only such vibrations will cause electrical excita- 
tion which already have so great a wave-length that they will 
really appear as Hght, or ultra-violet, vibrations, and not as 
electrical vibrations. Now, in the case of all known sabatanees, 
these critical wave-lengths do not come together in great num- 
bers, and therefore cannot be treated os forming a continpotts 
series. 

If such rays are emitted from the origin, they con only give 
rise to electrical excitation by separate impulse, and will tl^- 
fore only cause a slight temporary variation in the acceleration 
of the p^icle fi due to the steady action of the force R. 

We may therefore conclude that a particle easily susceptlW^ 
of electric excitation will be electrified if it is made to approach 
a source of light with very great velocity, and this the more 
readily, the hi^er rhe refrangibility of the light from tha source.. 
The requisite velocity must exceed that of light by a definite 
amount. 

The author is not aware that this conclusion has as yet been 
directly verified by any experimental evidence, unle» Herts^s 
observations of the effect of light on the electric spark' may be 
'explained in this way, but it is indirectly supported by the 
phenomena observed in Geissler tubes, os wflli be Shown wtiw/ 
Consider, moreover, the motion of the particle fi away Wn the 
origin at ah equally great velocity, then electrical waves procMd- 
ing from the origin will be lengthened, and act on the partis 
as light waves, causing it to glow. This electric glow 
Rp}^ of a blue colour, gradually passing threugh tint VaHmifS 
colours of the spectrum towards the red, as th* iwocityjmttner 

* Sit^mt^ehrUBte der BeritHerAkadamief <8^7. pp. 4^7 and 9^ ^ 
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ioctcAses, «Q<I of thb electric glow many instances could be 
cited, both ia Nature and sn the laboratory. 

Cohfidery m the drsi place, the glow aurrounding a point from 
which an electric discharge u talung place. By means of the 
electrical repulsion, the density of the air immediately surround- 
ins the point will be so far diminished that a single air-particle 
wUl be able to traverse a sensible distance with a very great 
velocity, and therefore give rise to the glow. Here it is not a 
question of particles becoming electricmly excited by radiation 
from the pomt, but of those which are electrided by actual 
contact with it. As soon as they have lost some of their elec- 
trical energy they will again become sensitive electrical 
radiatioru There must therefore be a dark space immediately 
surrounding the j>ointraQd outside this an electric glow, which 
explains a well-known phenomenon always observed in the 
rarefied atmosphere of a Geissler tube. The stratification can 
also be explained very simply, for the glow causes a diminution 
in velocity, for when the electrical waves from the positive 
electrode give rise to luminous instead of electrical vibrations 
in the particles of gas, the repulsion will be diminished, and 
therefore the velocity will g^aaually become less than that of 
light, when the particle will again become sensitive to the 
electrical radiation. The velocity will therefore again increase 
until the glow appears again, thus giving rUe to a stratified 
appearance. The velocity in the glowing layers will naturally 

greatest in the neighbourhood of the positive electrode, and 
here, therefore, light will be given off of all the colours cor- 
responding to the critical periods of the gas contained in the 
tul^, which is in accordance with observation. According to 
the author's theoiy, the electrical excitation takes place by the 
transference of ponderable gas molecules from the positive to 
the negative electrode. After they have parted with their 
electrical energy to the latter, they will return in an unelectrified 
condition to the positive electrode to which they will be j 
attracted, and at the same time repelled from the negative elec- 
trode. There will be no dark space surrounding the negative 
dlectrode, because the particles leaving it will have little or no 
electrification. The velocity of the returning molecules will 
increase as they approach the positive electrode, so that there 
can be no further transformation of electrical into luminous 
energy. In very high vacua the velocity of the returning par- 
ticles may become great enough for electrical energy to be 
excited in them by the red glow of the positive pole, by which 
their velocity will be still further increased. The velocity of the 
returning particles will in this case ultimately become so much 
greater than that of the luminous molecules moving away from 
me positive electrode as to cause a sensible increase in the 
density of the gas surrounding it. The result of this will be to 
prevent the formation of the positive glow, and the whole tube 
will become filled by the negative glow. The density in the 
neighbourhood of the negative electrode will therefore be 
dimini^ed, and the returning molecules will leave it with still 
greater velocity. If both electrodes are at one end of the tube, 
the molecules returning towards the positive electrode will be 
deflected by the layer of dense gas surrounding it, against the 
sides of the tube, giving rise to fiuorescent phenomena, as 
explained in 9 ii (September 6, p. 461). If the complicated 
phenomena which have recently been observed in Geissler tubes 
by Crookes and Hittorf can be thus simply explained, it will 
afford ah important confirmation of the author’s theory. 

These considerations may be applied to the explanation oL 
many cosmied phenomena, such as the aurora and the light of 
comets. It is quite possible that the particles of a comet’s tail 
moving with great velocity towards the sun may become 
electrified by means of the sun’s light. 

The formula; previously obtained are applicable to the detcr- 
mmation of the mdtiem of an electrified particle, in the case in 
which no proper luminous vibmliom are given off from the 
origin, or where these may be neglected, for the equations 

(« 9 ) to (33) give in this case for « r, r = Of » and 

coniequently-^ 
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And dridt can hence only become infinite when the positive 
quantity fR becomes infinite, or r =£ o. von HelmholU’s 
objections, therefore, do not apply to this equation, 

§ MUctrical Excitation, 

The foregoing theory easily explains the different methods ot 
electrical excitation. 

(1) The friction of two bodies sets their molecules into 
vibration, which appears in . the form of heat. The resulting 
impacts of neighboring molecules will most readily excite 
internal vibrations of the critical periods, for which they 
are specially sensitive. If the molecules arc exceptionally 
sensitive to vibrations of very short periods, they will be 
easily electrified, the proc^ being exactly analogous to 
the production of luminous vibrations by heating gases, as de- 
scribed in § 4 (August 23, p. ^7). Electro-positive bodies 
will be those which are most sensitive, and these will, according 
to the theory, attract other less electrified bodies. In tlm 
ordinary frictional electrical machine the glass will therefore be 
more stroi^Iy excited than the rubber. The explanation of the 
collecting action of points on the prime conductor is given by 
the consmeration that at a point the molecules are more fully 
exposed to the electrical radiation from the glass plate, and 
being electrically excited by this radiation communicate their 
electrification to the prime conductor by conduction, os explained 
in i 13. 

(2) Electrification by the action of heat takes place in the 
same manner, and it is clear that the molecules in crystals, being 
regularly disposed with their axes in definite directions, will be 
electrifi^. Thermo-electrical currents are also explained. For 
if one of the junctions of a circuit consisting of two dUsimilar 
metals is heated, the more sensitive metal will receive more 
electrical energy than the other, and give rise to a positive 
current. The potential difference at the junction will depend 
on the internal constants of the molecules in the two metals, so 
that we cannot expect to be able to express it by any simple 
general law. 

(3) Electrification by simple contact of two dissimilar metals 
is not so easily explained if the effects of heat, pressure, and 
friction are excluded. It is, however, possible that the close 
contact of difierentiy vibrating molecules may disturb ^he internal 
and therefore the external enei^, and thus give rise to electri- 
fication. The electrification oT similar metals by contact could 
be explained in the same way. 

(4) Electrification by chemical action is completely explained 
by the author’s theory, the production of electrical vibrations by 
this means being exactly analdgoUs to the similar production of 
heat- and lieht-vibrations. Such chemical action must, in the 
author’s opinion, play an important part in the galvanic cell, 
though contact electrification may also have a shore in the 
action. The contact between copper and sulphuric acid, for 
example, is a verv intimate one. At ordinary temperatures the 
molecules of botn substances will be in motion. When two 
different molecules collide, their internal equilibrium will be 
destroyed, and they will therefore, according to § 8 (September 6, 
p. 460) form a chemical compound, provided the critical vibrations 
of the compound arc, at the given temperature, less easily excited 
than those of the separate elements, which we must assume to be 
the case, from the strongchemicalaffinity which is experimentally 
known to exist between copper and sulphuric acid. During 
this process electrification will take place if the maximum 
iittcrnal electrical energy is less for the compound than for the 
constituents, exactly as hydrogen in combining with oxygen to 
form water produces light, and chlorine in combining with 
hydrogen to torm bydric chloride produces heat. The electricity 
set free will be carried away by the copper, the latter being a 
good conductor. The accumulation of elcctrid^ in the copper 
& ptovented, however, by its being used up again in forming a 
chemical compound with the zinc. 

G. W. DE Tunzelmann. 

{To he continued,) 


COMPRESSIBILITY OF WATER, SALT WATER, 
MERCURY, AND GLASS, ^ 

'T'HS presiuxtts employed in the experiments ranged from 150 
^ to 450 atmospheres, so that resulu given below for higher or 
lower pressures [utd inebsed In square brackets] are extrapolated. 

^ ExtesiMBd, whh th* BSiMtion of Dr. Murray, from a Raport by PiuC 
Tait, new hi type for a forChoomlag volume of the Chmltene^ pubUoatiooi. 
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AsimilRr remark applies to temperature, the ranf^e experimaatally 
treated for water and for sea- water bein^ only o‘* to C. AUo 
it has been stated that the rec^aFding indices are liable to be 
washed down the tube, to a smaVt extent, during the relief of 
pressure, so that the results given are probably a little too small. 

Compreflsibility of mercury, per atmosphere 0*0000036 

,, li'^lats 0*0000026 

Average compreasibility of fresh water atmosphere — 

low pressures 520 . 10"" - 355 . 10"®/ + 3 . lo'®/*] 

For 1 ton = 152*3 atm. 504 360 4 

2 =304 0 ,, 490 365 5 

3 M =45fi’9 .» 478 370 6 

The term independent of t (the compressibility at o'' C.) is of 
the form— 

io“''(5ao * 17/ +/i), 

where the unit of p U 152*3 atmospheres (1 ton- weight pec 
square inch). 'I'his must not 'be extended in application much 
beyond / ^ 3, for there is no warrant, experimental or other, 
for the minimum which it would give at ^ 8*5, 

The point of minimum compressibility of fresh water is 
probably about ^ C« 4U atmospheric pressure, but is lowered 
by increase of pressure. 

As an approximation through the whole range of the experi- 
ments we have the formula— 

0* 001 86 / 3i 4, ^ \. 

36 + ^ \ 400 ‘ iooob/ * 

while the following formula exactly represents the average of all 
the experimental results at each temperature and pressure — 

10"'(S20 ^ 17/ + /*) - io“®(3SS + SP)1 + I0*®(3 + /)/®. 

Average compressibility of sea«water (about 0*92 of that of 
Crush water) — 

, [At low pressures 481 . 10"^ - 340 • 10"®/ + 3 . 10"®/®] 
For 1 ton ... 462 320 4 

447’5 305 S 

3 m ... 4^7*S 295 5 

Term independent of /— 

io “’'(48 i - 21 '25/ + 2*25/®). 

. Approximoie formula — 

t>t»i79/i - 7 + ** Y 

38 i p\ 150 lOQOo/ 

Minimum compressibility point, probably about^ 56*^ C. at 
atmospheric pressure, is towered by increase of pressure. 

Average compressibility of solutions [of NaCl for the 6rst / 
tons of additional pressure at o'* C. : — ^ 

o*ooi86 
36 4- p'^y 

where s of NaCl is dtssoWed in 100 of water. 

Note the remarkable lesemblance Iwtween this and the formula 
for the averse compresaibUity of fresh water at C., and / 4* f 
tons of additional pressure. 

[Various parts of the investigation 'seem to favour Laplace’s 
view that there is a large molecular pressure in liquids. In the 
text it has been suggested, in accordance with a iomiula of the 
kinetic theorv of gases, that in water this may amount to about 
36 tons-weight on the square inch. In a similar way it would 
appear that the mulecul^ pressure in salt solutions is greater 
than that in water by an amount directly proportional to the 
quantity of salt added.] 

Six miles of sea, at 10“ C« throughout, are reduced in depth 
620 feet by compression. At o* C. the amount would be about 
663 feet, or a furlong, (This quantity varies nearly as the 
square of the depth). Hence the pressure at a depth of 6 miles 
is nearly 1000 atmospheres. 

maximum ‘density point of water is lowered about 3* C. 
by 150 atmospheres of^ditional pressure. 

From the heat developed by compression of water I obtained 
a lowering of 3’ C. per ton-weight per square inch. 

From die ratio of the volumes of water (under atmospheric 
pressure) at o® C. aod 4* C,, given by l>espretx, combtnea with 
my results as to the compreesibitity, 1 found 3**17 C. ; and ^ 
dbect expeiiment (a modilted form of that ii Hope) 2*7 C. 


lij 


The elrcumstanees, of this experiment make it certnlu that the 
last result is too stbaCl. 

Thus, at ordinaYy temperatures, the expansibility of water is 
increasi^ by the application of pressure. 

In consequence, uie heat developed by sudden compression of 
water at temperatures above 4® C. increases in a higher ratio 
than the pressure applied ; and water under 4® C. may be 
heated by the sudden application of sufficient pressure. 

The maximum density coincides with the freezing-point at 
- 2® *4 C„ under a pressure of 2* 14 tons. 


SC/£Arr/P^/C S££/ALS. 

In tlm Journal of Botany for August and September, a con- 
siderable portion is occupied by the continuation of papers, to 
which reference has already been made — Messrs. Britten and 
Boulcer’s biographical index of British and Irish botanists, 
and Mr. G. Murray’s catalogue of the marine Algoc of the 
\ycst Indian region. — Mr. W. H. Beeby records an addition 
to the British Phanerogamic flora in CallUHche polymarf/ut . — 
Mr. A, Fryer has some critical remarks on Potamogetm fiuitans. 
—A number of new ferns from Western China, and from Mani- 
pur, in India, are described by Mr. J. G. Baker a ad Colonel 
Becidome. 

The numbers of the Botanical Gatcite for Tune-August con- 
tain quite an unusual number of articles of general interest. 
Bryolocists will find a description of eight new species of 
from North America, each illustrated by a plate ; in fact, the 
plates in these three numbers are very numerous and excellent. 
— Mr. Chas. Kobertson discusses the origin of zygomorphic 
flowers froni the point of view of evolution.— Qf flowering 
plants, we have cle.^criptbns of new species from Western 
America (chiefly Umlxillifero?) and from Guatemala, by Messrs. 
Coulter and Rose and Mr. J, D. Smith. — Mr. F. C. Newcombe 
describes the mode of dissemination of the spores of Equiaetum 
in the splitting of the ^porangc and the carriage of the spores 
by means of the elaters. — Mr. A. F. Fbrste descril^es (with a 
plate) the adaptation to cross-fcrlilizaiion in various si>ecios. 

American Jorurnal of Mathematics^ 1888 (Baltimore, Johns 
HopkinsUniversity). — The object of M.R.LiouvUle’s paper/* Sur 
les lignea g^odesiques dcs surfaces A courbnre constant®,” with 
which vol. X. No. 4 opens, is stated by him to be d’indiquer 
la signification geometrique des equations different idles du 
second ordre ayant leur integmle generale lineaire par rapport 
aux constantes arbitraires, et de former leurs invariants pour 
touies les substitutions qui ne changent point, soil Tinconnue, 
.soil la variable independante ” (pp, 283-292). — The following 
memoir, on the primitive groups of transformations in space 
of four dimensions, by James M. Page, is likely to be Very 
serviceable, as it is the first continuous account in English of the 
researches of Sophns Lie on the theory of groups of trans- 
formations. Lie himself has developed the theory in a series 
cf papers which date from 1873, and has not published a^ con- 
nected work on the subject (^, 293^*346) . — W. C. L. Gorton 
writes on line congruences. He treats the subject by 
quaternion-s, and obtmns all Kummer^s results (Crf/Zr, voi. Ivii.), 
and is enabled by bis method to cariy out certain steps which 
are only indicated by this writer (pp. 346-367), — The volume 
closes with a notelet by Prof, Franklin, entitled '*Soroe 
Theorems concerning the Centre of Gravity.” This contains 

almost instantaneous ” proofs of Lagrange’s two theorems on 
the centre of gravity. 

With vol, xi. No. I, we have what strikes ns as beJqg an 
admirable likeness of the great French mathemattcian, CnaHcS 
Hermitc. We have previously expressed our pleas>ire ?tt 
this new departure of the editors of this journal, and hope 
their catering for mathematicians will meet with material 
approval.— The first communication is a memoir on a new 
theory of symmetric functions, by Captain A. Mac- 
mahoa, R.A. This prolific young mathemadetan is doing ex- 
cellent work, and the pages of the jounial are hst suited to 
present his results in the most effective form. The paper is 
intimately connected with a recent one, by the same writer^ 4m- 
municated to the London Mathematics Society, in which h« 
gives a sketch of an extenrion of the aiseW of the thoory of 
symmetiical functions, and establlriiei tie basis of o wide de- 
velopment. ' ** The main object of the memoir is to show deirlf 
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th^ pra|iir jUice of th« * syouifiotric functioo tablts ’ as studied 
b^r.Hiku^ Unixltt^ and <dhefs« in the algebra of such func- 

tMns ; to {xriBt out that the fact of the&r existence depends upon 
a udde fheorem of algebraic reciprocity which leads to an equally 
wide thttoiein of algefaraic expre«sih$lity» and that they are a 
partioulKr ease* and not the most impeitant case from the point 
of tiew of sepUcatum* of a syatem of such tables (pp. i - 36). — 
f^roL Wf W. Johnson contributes a paper on the integrals In 
series of biooniial dififerential equations (pp. 37 *^ 54 )' *' Binomial 
equaiioa*’ it here used in Boole’s sense.— Some interesting geo- 
metrical rMdts are given in the next paper* by M. d*Ocagne, 

Sur certainas ccmrfaes qu’on peut adjoindre oux courbes planes 
pour rdtude de tears propri^tes infimteiimalcs (pp. 55-70). 
—Prof. Cayley closes the number with an in talment on the 
surfaces with plane or sphcri^l curves of curvature (pp. 71-98). 
The paper is a reprodu^on in a compact form, witl^ additional 
developotenu, of papers by Bonnet {Jowrnai lU t Mcolc Polyt , , 
t. XX., 1853, pp. 117-306), and Serret (Lionville, L xviii, 1853, 
pp. 113-162). 

EngliPs JahHnkhtr^ vol. viH. Part 5, contains \ — Contribntions 
to the knoadedge of iht Copuliferoe, by K. Prantl. The author 
concludes that the segmeiiU of the cupule are not themselves 
leaves, but outgrowths of the axis covert with leaves, and that, 
with the exception of thU peculiarity, the male and female 
catkins are similarly constructed. His views will be stated in 
Engler’s “ Die Naiuriiche Pfhtnzenfamilien,” for which this paper 
was a preparatory study. — A revi.sion of Bentham and Hooker’s 
** Genera Plantarum,” and Florae Colttmbitespedmiasetecta,” 
by H. Karsten. — The rest of the number is taken up with 
abstracts of botanical papers, and the list of the more important 
works on classiheation and geographical botany pitblishea in the 
year i8W, 

Vol. IX. contains the following articles : — On the roots of the 
Aracese, by Max Lierau. An investigation of the roots of about 
1 30 species from 46 genera of this natural order, Ic.ads the author 
to' the result that those histological characters by which the stem 
and leaf of the several sub- orders of Engler ore distinpiishcd 
recur also in the rooS, and thus these organs, though performing 
the most various physiological functions, have constant characters 
of systematic value. — In his contributions to the knowledge of 
the Capparidaceae, Dr. Fcrd. Pax discusses the ouestions of (i) 
the part taken by the axis in the construction of tne flower ; (2) 
the relation of the Ctipparidoidea; to the Cleoraoideie, in respect 
of the androecium. He concludes that the disk, androphore, and 
gynophore, are of axial nature, and not the result of coalescence 
of sporophylls ; further, that the construction of the androecium 
is uniform throughout the order, being basc<l upon the presence 
of two dimerous whorls, increased often very greatly by duplica- 
tion. — Observations on the oi^nization and biological conditions 
of northern tiees, by F, W. C. Areschoug. — Specilegium 
canariense* by H. Christ. — Dr. Marloth gives an interesting 
account of tlio morphology* anatomy, and biology of the Naras 
{Aianthoskyos herrida, \^lw.) of the south-west const of Africa, 
and of observations of the peculiar property of the fruit in pro- 
moting the coagulation of milk. — On the Aura of the German 
East- Asiatic Protectorate, by K. Schumann. — Contributions to 
the morphology and classification of the Ranunculacesc, by K. 
Prantl. The anther distineuishes “honey-leaves” {Honigy 
hlhiter) from the perianth, denning them as “floral leaves, the 
chief function of which is the secretion of honey, and which have 
been produced from stamens independently of the diflTerentia- 
tion of the perianth into cajyx and corolla ** : thus he would 
describe the corolla of Ranunculus as consisting of such “ honey- 
leavcls,” while the calyx would lieregiffded as a simple perUmh 
The greater part of the paper k occupied by the classification of 
the species within the genera.— New contribtrtions to the flora 
of Greenland* by Ewg. Warming. “Contributions to the know- 
ledge of the walnut [Juglam L.) by Dr. M. Krotifirid, 

wim two plates. — A posthumous paper* by Dr. HiHebrand* 
descriptive of the vegetation of the Sandwich Island®.— Orchi- 
dacese herhaxii Dom.-J Arechavaletse det. et by F. 

KrhiUlIm^Dr. A. Breilfoldi in a paper on the a^tomical 
structure of tbe leaves of the RhododendrefiK^se, attempts to 
riu^ anatomical details trith the character of flower cod fnxh in 
the classification of the gtotrp, and finds the most asefal 
ohtriicterB in the epidermis.— <>n continuous and anhatory varia- 
thMi by Fraxu Kraiten.— Biographical notices on some of tlie 
oultectors and authors named in the ** PUrntte’ Kyddesinie,” by 
F.;von Herder,— Marine Algm of Pu«rto*Rico, by Dr. Hanck. 


— In addition to the above original treatises, the volume for the 
year contains a list of the pa|)ers of 18S7 on the clasgificatiaa* 
desexiptiou, and geological distribution of plants, as well as 
abstracts of the most tmi>Qrtant of these. 


SOC/Sr/ES AND ACADEMIES. 

Syditev. 

Linsdan Society of Now South Wales, July 25. — 
Dr. J. C. Cox* Vice-President, in the chair. — The following 
papers were read : — The insects of King’s Sound and its vicinity, 
part 2, by William Macleay. This paper contains a list of all 
the Lamellicom insects in the coUectum made by Mr. Froggatt 
in the West Kimberley district. Of the seventy-six species 
recorded, fifty-nine are described ax new, bat are all referable to 
known genera. The genera most numerous in species are Oniho- 
phagus and Htferonyx, The subfamily Ceioniidts is repre- 
sented by four species only.— Catalogue of the known Coleoptera 
of New Guinea* d:c., part 2, by George Masters, Curator of the 
Macleay Museum. Part 2 of this catalogue* comprising the 
Tetramcrous and Trimerous divisiona, amound^ to about 1100 
spedes* completes the list of Coleoptera hitherto described from 
the region under oonsideralioo. The total number of spedes 
recorcted is 2079. — Malaysian land and fresh-water Molluscs, by 
Rev. J. £. Teiuson-Wo^. After soine introductory remarks 
on the extent and physical geography of the region under con- 
sMeration, and on the characteristic features of Us land and 
fresh-water MoUusca, the author gives a list of about 400 species 
indigenous to the Malay Peninsula in the States south of Keddah, 
and the Indian Archipelago, not incUuUng the Philippines and 
New Guinea. A bibliographical list is appended. — Mr. Ogilby 
exhibited a specimen of a deep-sea fish {fikliropkihaltm^s 
ptnnis\ originally described by Dr. Gimtber in the Ann. oj 
Nat. Hist., 1878, and figured m vol. xxii. of the “ Ckallmgtr 
Reports.’^ The original specimens were taken by the Challenger 
naturalists ofif Twofold Bay* in 120 fathoms ; the specimen ex- 
hibited was captured quite recently off Port Jackson in 70 
fathoms, the only other occasion on which the species has been 
met with since its discovery.— Mr, Ogilby also exhibited a 
photograph of Acanthias Blainvillii, not hitherto recorded from 
New South Wales, and one of a variety of AcanthocHmts 
Htioreus, originally described by Forster in “ Cook’s Voyage,” 
the former having been taken in deep water off Port Jackson, 
the latter under stones between tide- marks at Lord Howe 
Island. — Mr. Brazier exhibited a spherical stone, about ^ inch in 
diameter, found in the crop of a Goura pigeon {G. Albertisi^ 
Salvad.), from Hall Sound, New Guinea. Also a tube of fresh- 
water shells (Segmentina australiensis, E. A. Smith), from 
Waterloo Swamps.— Mr. MacDonald showed under the micro- 
scope an interesting exhibit of Rotifors {Megahtvocha sp. ), living 
in clusters on pond weed.— Mr. Burnell exhibited two living 
alow-worms {Typhlrtps nigreseests), from Wentworihville, near 
Parramatta.— Mr. Deane exhibited a remarkable excrescence on 
a root of Monoiaca ellipiua^ found by Mr. J. F. FUrJiardinge in 
the ne%hbourhood of Sydney ; a xpecimen of on apodal hzard 
\Dehtta impar) found by Mr. C. F. Price, of Arabic, near 
Conma, where the species is said to be abundant in basaltic 
country; and examples of concretionary nodules occurring 
abundantly in a slaty rock in a catting near Bredbo on the 
Goulbum to Cooma Railway. 

Pakis. 

Aoadmiy of ftcionees, October i.— M. Dcs Cloixeaux ip 
the d)air^ — Relative values of the two constituents of the force dis- 
played in the stroke of a bird’s wing, deduced from the direction 
and insertion of die fibres of the great pectoral muscle, by M. 
Marey. Of the forces in question* one, as shown in previous 
commumcaiiom, equals the weight of the hfrd and enables it 
to reaist gravitation, the other is horteontal and enables it to 
resist the air, Frtxm a study of the dispotliion of the muscular 
fibre! of the bneaau the author now infers that the latter force, 
contraiy to the general opiniun, is much greater, and may even 
be double that of the former. — Positions of Barnard’s comet 
(SemtenibeT 2* i 9 fi 8 ) measured at the Observatory of Besanpon 
with flfete 0"22 m. equatorial, by M. G-nw. The observations 
cover the period from September 5-15.— Observations of S^wer- 
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thd^i comet (i88S| 1.) made with the 0*38 m. equatorial at the 


object of this note is to ^ow tw the potential energy of a 
planet's gravitation — in other word8, the power of attraction 
displayed in drawing the molecules from boundless 8pa<^ to 
their present portion — may be approximately calculated if its 
dimensions, mass, and angular velocity of rotation be known, 
irrespective of the law of internal densities. — On actino-eJectric 
phenomena, by M. E. Bichat. The passage of electricity of 
high or feeble tension is known to be greatly facilitated when 
the electrified body is illumined by very refrangible radiaiions. 
In a previous communication it was shown that in Stoletow's 
expenment the substitution of a sheet of water for the metallic 
plate produces no deviation of the galvanometer, which seetris 
to prove that the elect ricity2 is not transmitted by conduction. 
This inference is confirmed by the exjwriments here described. 
— On some new electric phenomena produced by radiations, by 
M. Auguste Right. In continuation of previous researches, the 
author here reports a series of further results connected with the 
same order of phenomena. ^On the employment of the sulphite 
of soda in photography, by M . Paul Poire. The process here 
described has tm advantage of avoiding the cloudiness pro* 
duced by the prolonged action of the carbonate. Plates left 
forty-five minutes in the bath acquire a continual increase of 
intensity without presenting the least appearance of cloudiness. 
—On the land locomotion of reptiles and four-footed Batrachians 
compared with that of Mammalian quadrupeds, by M. O. Carlet. 
The locomotion of frogs, toads, nzards, and the like is de- 
scribed as a peculiar action, somewhat analogous to the trot of 
quadrupeds, and exactly like that of two men walking . one 
behind the other with contrary step. It is a sort of slow trot, 
without any suspension of the body in the air. — M. Carlet com- 
municates a supplementary pa])er in illustration of the same 
subject, on the locomotion of an insect rendered tetrapod by 
deprivation of the two middle legs. The experiment explains 
the persistence in all these organisms of the six legs, which 
appear to be not merely useful, but even necessary to secure 
stability and rapid locomotion. — A series of papers are con- 
tributed by MM. Philippe Thomas, P. Fliche, and Bleicher, on 
the petrified vegetation of Tunis, These fossils arc shown to 
belong to the same Pliocene formation, and to be otherwise 
closely analogous to the well-known purified forests in the 
neighbourhood of Cairo. Specimens of a like character have 
been picked up in Algeria and other parts of Mauritania, render- 
ing it highjiy probable that the whole of North Africa, from the 
Mediterranean to the verge of the Sahara, was covered with a 
somewhat uniform vegetation in Pliocene times. ^ 

Stockholm. 

Royal Academy of Sciences, September 12.— Demonstra- 
tion of a proposition, which touches upon the question of the 
stability of the planetary system, by Prof. Gyldww — The same 
exhibited a^^alculating machine made by Herr Sorensen.— On a 
paper jsy Baron von Camcrlander in Vienna, on the fall of 
meteoric dust in some parts of Austria in February this year, 
Baron Nordenskibld. — The same exhibited a new mlnerid from 
Pojsbeig, which he had named Bmndtit,— On crystals of 
native lead from Pojsberg, by Herr A. Hamberg.— Ontwo new 
chlorides of indium, and on the density of the vapour of the 
chlorides of indium, gallium, iron, and chromium, by Profs. 
Nilsson and Pettersson. — On the theory of the numMis and 
functions of Bernoulli, based on a system of functional equations, 
by Dr. Berger. — On change of the sea-level at Ahenfiord, by 
Commodore Littiebobk. — On some definite integrtUs, by Dr. C. 
F. Lindman.— Contributions to the theory of a mgular solution 
of a partial differential equation with two independent variables, 
by Dr. T, MolJer. — Observations on the condensation of the 
vapour of water in a humid, electrical atmosphere, by Herr G. A. 
AMrde.— On a species of Annelida living with hermit craU, 
by Dr.Wirdn.— On some derivates of a-jS-dichlor-naphthaliae, 
by Herr P. Hellstrbm. — On the former occurrence of Filis 
cahis in Scania, by Prof. Qvennerstedt.— On DahlUt, a new 
mineral from Bamle, in Norway, by Prof. W. C. Broker and 
Herr H. Baqketrbm.— On the freeaing-point of dilute aqueous 
solutions, by Dr. S. Arrhenius. — Galvanometric measurements 
on the influenoe that is exercised by an electric spark on another 
spark, by Dr. C. A. Mebius. 
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THURSDAY, OCTOBER 18. 1888. 


APPLICATIONS OF DYNAMICS TO PHYSICS 
AND CHEMISTRY. 

Applications of Dynamics to Physics anti Chemistry. 
By J- J- Thomson, M.A., F.R.S., Cavendish Professor 
of Experimental Physics, Cambridge. (London ; 
Macmillan and Co., 1888.) 

T his is one of the most original books on mathe- 
matical physics which has appeared for a long 
time. Prof. J., J. Thomson has elaborated a method of 
very wide scope, and has applied it to a large number of 
problems of very different kinds. A reader of the work 
must perforce be struck not only with the mathematical 
ability of the author, but with the wide extent of learning 
which enables him to illustrate his theme by recent 
researches in nearly every branch of physics and physical 
chemistry. 

The method employed is so essentially mathematical 
that it is not easy to describe it without the use of 
symbols. As, however, it is a matter of considerable 
importance that those who are studying by means of 
experiment the phenomena discussed by Prof. Thomson 
should have some idea as to the progress already made in 
their theoretical explanation, it may be well to give an 
account of the general principles which he has used. 

In ordinary dynamics it is necessary to specify the 
positions of the members of a system of bodies of which 
the movements or mutual actions jirc under considera- 
tion. This is done by means of co-ordinates, which 
define their positions at a given ^ime with respect to 
certain given lines or surfaces. If the system is in motion, 
the values of these quantities change with the lime, and 
thus the co-ordinates may be regarded as possessing 
velocities. 

The difference between the kinetic and potential 
energies of the system (which is called the Lagrangian 
function) can be expressed in terms of the co-ordinates 
and their velocities, and if this is done the m agnitude of 
the force which is acting on the system and tending to 
increase the value of any particular co-ordinate can be 
deduced from it. If no such force is acting, it follows 
that a certain relation between the co-ordinates and their 
velocities must be satisfied. 

This is a perfectly general dynamical method, whidi 
could be directly applied to the complex system of atoms 
and ether by which the physical phenomena displayed 
by any given body are produced, if it were not for 
difficulties which Prof, Thomson has attempted, as far as 
may be, to overcome. 

In the first place, the dynamical method presupposes 
a knowledge of the relative positions of the of 

the system, ue. of its geometry, and we cannot at present 
express ** such things as the distributions of electricity 
and magnetism, for example,” in terms of the relative 
positions or movements of atoms and ether. 

In the next place, even when we can express certain 
physical states in terms of quantities which completely 
describe all that we can observe, it is certain that in 
general they would not sufiice to describe completely the 
VoL. xxxviii.— Na 99a 


state of the body if we had the power of noting every 
detail of its molecular structure. 

Using theorems due to Thomson and Tait and to 
Larmor respectively. Prof. J. J, Thomson shows that the 
second difficulty may be overcome if the co-ordinates of 
the values of which we are ignorant do not enter into the 
expressions for the kinetic energy of the system. It then, 
however, becomes necessary to modify the Lagrangian 
function, but this new form is such that when it is ex- 
pressed in terms of any variable quantities and their 
‘‘velocities” they satisfy the mathematical condition to 
which a true geometrical co-ordinate and its velocity are 
subject. If L' is the modified Lagrangian function, and ^ 
any one of a scries of quantities, ^1, 5^2, . . . , in terms of 
which and of their velocities it can be expressed, then — 

ti dV til/ 

— . -,T - — « o. 
nt dq dq 

The term co-ordinate is thus used by Prof. Thomson in 
the generalized sense of any quantity in terms of which and 
of its velocity the modified Lagrangian function can be 
expressed, and he assumes that as far as the phenomena 
under consideration are concerned the state of a body 
may be described by four different types of co-ordinates. 
These specify (i) the position in space of any bodies of 
finite size which may be in the system ; (2) the strains in 
the system ; (3) its electrical, and (4) its magnetic state. 

The most genera! expression for the Lagrangian 
function is then formed. It may contain terms of various 
kinds. Prof. Thomson goes through them one by one, 
determines what the physical consequences of the exist- 
ence of each would be, and if these are found to be 
contrary to experience concludes that the term in question 
does not exist. 

Thus, for instance, it can be shown that if there were 
a term containing a product of the velocities of a geo- 
metrical and an electrical co-ordinate, an electrical 
“ current would produce a mechanical force proportional 
to its square, so that the force would not be reversed if 
the direction of the current was reversed.” As this and 
other similar deductions are all opposed to experience, 
no such term can exist. 

A similar method is applied to the coefficients of the 
terms which are shown to be possible. Thus a term 
exists which contains the squares of the velocities of the 
geometrical co-ordinates. It corresponds to the expres- 
sion for the ordinary kinetic energy. Prof. Thomson 
inquires whether the kinetic energy depends only on the 
geometrical co-ordinates, or whether it also varies with 
the electrical state of the various members of the system. 
The answer is given by means of an investigation of his 
own {Phil. Mag.y April 1881), in which he has shown 
that the kinetic energy of a small sphere, of mass w, and 
radius <z, charged with e units of electricity, and moving 
with a velocity v, is — 



where fi is the magnetic permeability of the dielectric 
surrounding it. The effect of the electrification is there- 
fore the same as if the mass had received an increment, 
which, however, numerical calculation shows is too small 
to be observed. It is, nevertheless, important that the 
mutual relationship between ordinary kinetic energy and 

c c 
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electriAcation should be recognized, as it follows that the 
speed with which electrical oscillations ar« propagated 
. across any medium will be dinsinished by the presence 
of conductors moving about in it *‘Tbus, if the electro- 
magnetic theory of light is true, the result we have been 
discussing has important bearing on the effect of the 
molecules of matter on the rate of propagation of light/' 

It would take too long to follow the author in detail 
through tlie interesting discussion which is pursued on 
these lines. Another example must therefore suffice. 
The specific inductive capacity of a dielectric depends 
upon the strain, and it follows that the distribution of stress 
which Maxwell supposes to exist in the electric field is 
supplemented by another, which is due to the relation 
between inductive capacity and strain. Maxwell's dis- 
tribution will be the same for all dielectrics, but Quincke 
has shown that though most dielectrics expand when 
placed in an electric field, the fatty oils contract. In 
these cases the effects of what may be called the sup- 
plementary distribution are contrary to, and greater than, 
those produced by Maxwell's stress. 

Phenomena which depend on temperature are specially 
discussed, and an interesting conclusion with respect to 
thermo-electricity may be noted. It is that from the 
heat developed by a current at a junction of two dissimilar 
metals we can derive information as to that part only of 
the electromotive force which depends upon the tcmpeia- 
tiire. Hence the Peltier effect can throw no light upon 
the absolute difference of potential between two different 
metals. 

A chapter is devoted to the calculation of 'Qhe 
Lagrangian function in the simplest case, when the body 
is in a steady state, when it is free from all strain except 
that inseparable from the body at the temperature we 
arc considering, and when it is neither electrified nor 
magnetized/' Two forms arc found, which hold for the 
gaseous and the liquid or solid states respectively. The 
general principle is also laid clown, that, ‘‘when the 
physical environment of a system is slightly changed, 
and the consequent change in the mean Lagrangian func- 
tion increases as any physical process goes on, then this 
process will have to go on further in the changed system 
before equilibrium is reached than in the unchanged one, 
while if the change in the mean Lagrangian function 
diminishes as the process goes on it will not have to 
proceed so far." 

As an example of this we may take the effect of a 
charge of electricity oa the vapour-pressure of a liquid. 
If a spherical drop, of radius a, surrounded by a medium 
of specific inductive capacity K, is charged with jr units of 
electricity, its potential energy is increased by and 

thus electrification cliangcs the mean Lagrangian function 
by the amount ~€^/2Ka. Prof. Thomson quotes experi- 
ments by Blake to prove that when an electrified liquid 
evaporates the vapour is not electrified, so that the charge 
€ is ‘unaffected by evaporation, while the radius a of course 
diminishes. On the whole, then, evaporaticn algebraically 
diminishes the term - ^jzKa^ and therefore it will not 
proceed so far as before the liquid was electrified. Thus 
electrification diminishes the vapour-tension by an amount 
which is limited by the insulating power of the air. The 
maximum effect is about equal in magnitude, though 
opposite in sign, to that due to a curvature of a quarter of 


a centimetre. The suggestion is made that we should 
therefore expect an electrified drop of rain to bfc larger 
than an un electrified one, so that this effect may help to 
produce the large drops of rain which fall in thunder- 
storms. The principle also leads to the conclusion that 
the density of saturated aqueous vapour in the presence 
of air is greater than if no other gas is present, and thus, 
apart from other causes, rain^dmps would form more 
easily when the barometer is falling than when it is 
rising. 

The properties of dilute solutions are discussed at 
length, and the Lagrangian function is calculated in 
accordance with the views of Van 't Hoff on the assump- 
tion that the molecules of a salt in a dilute solution 
behave as though they were in the gaseous state. 

The results obtained cannot be considered favourable 
to the view that the effects of solution are capable of 
being stated in such simple teims. Rdntgen and 
.Schneider's experiments on the compressibility of L:aline 
solutions prove that the decrease in the compressibility is 
sometimes more than a hundred times greater than that 
calculated on the above assumptions. The author also 
points out that the rise in the osmometer, which is 
explained as due (o the pressure of the dissolved salt, may 
be capable of other interpretations, and that at present 
the indications of the instniment must be considered 
ambiguous. 

Enough has perhaps lioen said to give an idea of the 
method and scope of Prof. J. J. T'hombon's work. 

It is possible that some of the experimental results 
which are quoted require fuller confirmation than they 
have as yet received, but if the work is regarded as a 
text-book of mathematical physics this is a very minor 
defect. The author has developed a method of wide 
scope, and it is important that its applications should be 
fully illustrated, even if the data assumed are not in all 
cases unexceptionable. 

The book literally bristles with novel suggestions and 
points of interest. An explanation of the fact recently 
discovered by Mr. Shclford Bidwell, that iron becomes 
shorter when the magnetizing force is very great ; the 
effect of surface* tension on electromotive force ; chemical 
action in thin films ; the effect of a neutral gas on dissocia- 
tion— these are some of the subjects, in addition to those 
which have already been mentioned, upon which we light 
on turning over the pages haphaeard* 

That it will make the study of physics and chemistry 
easier is only in one sense true. NiM giuod non 

omavit may, as applied to Prof. J. J. Thotnaon^ be freely 
translated, that he hardiy mentions any law of physics 
except to complicate it with correction tormo. 

From a more serious point of view, however, it is 
difficult to over-estimate the value of the establishment of 
the less obvious connections between phenomena. 

On many points, such as Quincke's and BidwelEsobser*^ 
vations on the changes of magnitude produced in the 
electric and magnetic fields respectively, experiment 
needed the support of theory, and Prof. J. J. Thomson 
points out causes to which the observed effects may be 
due. Almost daily, conscientious eapcrimentalitts are 
spending time and ability in the detailed examinatioa of; 
facts which they cannot explain, and which they can 
hope to explain by the most minute investigadeafc 
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caseft jiiiftt foentioned the labour y/as well spent, but in 
others it is practically thrown away in the attempt to 
pierce a labyrinth the clue to which can be found only by 
naatbematics. Prof. J. J. Thomson's book ought to be 
carefully studied by all physicists^ and especially investi- 
gators who have discovered what they believe to be a new 
fact< In many cases it will suggest possible explanations 
which may prevent long and wearisome groping in the 
dark. 

The author is to be warmly congratulated on his work, 
which is an achievement of a high order, and which will 
add to his already great reputation as a mathematical 
physicist. 


MECEN 7 ' WORKS ON ORNITHOLOGY. ' 

Argeniine Ormihology. By P. L. Sclater, M.A., F.R.S., 
&c., and W. H. Hudson, C.M.Z.S. Vol. I., pp. i.-xvi., 
1-208, pis. i.-x. (London : R. H. Porter, 1888.) 

British Birds : Key List. By Licut.-Colonel L. Howard 
Irby. Pp. 1-58. (London: K. H. Porter, 1888.) 

Birdsf testing and Bird-skinning : A Complete Description 
of the Nests and Eggs of Birds which breed in Briiaipt. 
By Edward Newman. Second Edition. Revised and 
re-written, with directions for their collection and 
preservation ; and a chapter on Bird- skinning, 8 cc. 
By Miller Christy. Pp. i.-xii., i 138. (London: T. 
Fisher Unwin, 1888.) 

D K. SCLATER AND MR. HUDSON have combined 
their forces to produce one of the best books ever 
written on South American ornithology. K^ch is a 
master of his own portion of the subject, for no one is 
better acquainted with neotropical ornithology than Dr. 
Sclater, and Mr. Hudson has been knoAvn for many years 
as one of the best living observers of the habits of birds 
in the field. The scheme of the book, iheiefore, leaves 
nothing to be desired, and the whole of the “ get-up,’' as 
regards paper, print, and illustrations (the latter a matter 
of course when Mr. Kenlemans is the artist), is about as 
good as U is possible to be, and reflects the greatest 
credit on the, publisher. 

One of the most interesting features of the work will 
doubtless be the introduction, which will appear in the 
second volume, when it will be possible to form some 
accurate notion of the relations of the avifauna of the 
Argentine Republic with that of the neighbouring States, 
a comparison which will doubtless be of importance to 
all naturalists who are interested in the somewhat com- 
plicated natural areas of the neotropical region. At 
present the genera and species peculiar to the region 
treated of by the authors seem to be few in number, and 
they would appear to be limited to the more western 
portions of the country, especially the district of Tucuman. 

It would be easy to give many extracts from Mr. 
Hudson's charming writings on the habits of the birds, 
with the life-history of many of which he is as familiar as 
we are In England with that of many of our British birds, 
while his travels have enabled him jn many instances to 
give an account of species both in tlieir summer and 
winter homes. To any naturalist visiting Argentina this 
1X>ok will be of the hi;^est value^ the descriptions given 
by Dr. Sclater being short and concise^ but sufBcieut for 
^ iientificatfon of species, while he ts to be congratulated 


also on the success with which he has contrived to 
attach an English name to each bird. Everyone who 
has tried to do this, when writing on exotic birds, knows 
how difficult it is to invent English titles for species 
which have no counterpart in European nomenclature ; 
and we must acknowledge that the names are a great 
improvement on some of the zoology “as she is taught* 
at our Zoological Gardens, Should some of the names 
bestowed upon animals in the “ Zoo ” ever be adopted in 
general works of travel, we might expect to find such 
truthful anecdotes as the following : — 

“ The insolent behaviour of one of the animals con- 
siderably annoyed us, from its persistent habit of making 
‘ long noses ’ at us. On shooting a specimen we dis- 
covered that it was a Rude Yo^{Canis &c., &c. 

“Some interesting little creatures now came in sight, 
dancing, apparently in perfect time, across the glade. 
They proved to be Pleasant Antelopes {Tragelaphus 
gratudjP &,c., &c. *■< 

“Just as I was emerging from a thicket I managed to 
trip over sometliing which brought me heavily to the 
ground. I faiK:iecl that 1 had fallen over a ttee-stump, 
but on c.a refill examination, it proved to be an Incon- 
venient Curassow {Crarinco/ntnoda) which had somehow- 
got in my way,” &c., iSrc. 

In his useful little work, a “ Key List to British Birds/' 
Colonel Irby has supplied a real want -a handy pocket- 
book, giving just the di, agnostic character-i of every 
species. U is a desirable supplement to the “ List of 
Bniish Birds ” published by the British Ornithologists’ 
Union, which dealt with the nomenclature of the various 
species, but which might also with advantage have con- 
tained diagnoses, such as Colonel Irl^y's industry has now- 
supplied. 

What Colonel Irby has done for the birds, Mi. Miller 
(Christ) docs for the eggs of British birds, and it is certain 
that w'lth this little v\ork in his hands the )'oung student 
can gain a very good idea of thc^'ggs wliich arc likely to 
be met with in England, 'fhe call for this second edition 
of the late Mr, Newinan’s work sliows appaiently lliat 
there are a good many egg-collectors in this countiy, 
notwithstanding the prohibitions of an Act of ihirliainent ; 
nor can we state with truth that there is any falling 0IT in 
the number of students of the cgg-collection m the British 
Museum since the Wild Birds Preservation Act became law. 
To the chapter on bird-skinning we would add a practical 
hint that before commerrcing operations a tiny ivisp of 
wool should Ijc inserted into the palate of the speciinen. 
This greatly prevents the risk of discharge from the 
nostrils, and saves many a skin from being draggled and 
sjToilt. 'I'he American method of enveloping^ the prepared 
skin in wadding is also far preferable to our method of 
fastening a paper baud round the specimen. 

R. BowiJbKR Shari'L'. 


OC/R BOOK SHELF, 

Mecharucs, By Edward Aveling, D.Sc. (London : 
Chapman and Hall, Limited, 1888)., __ 

This is the first of four treatises on mechanics and 
experimental science, published to meet the requirements 
ol candidates in the matriculation examination of London 
University. The volume before us contains a great 
mnnber of numerical examples and exercises for students, 
and twenty pages are devoted to specimen examination 
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papers of various kinds. The author's language is very 
inexact if compared with the language of Thomson and 
Tail's “ Natural Philosophy/' or Dr, Lodge's text-book. 
It reads as if a shorthand-writer had taken notes of 
lectures, and the lecturer had published them after 
hasty correction, This inexactness is visible in almost 
every definitiom in the book. We read of velocities 
aedne and accelerations working. New magnitudes are 
introduced; thus, “the intensity of a force is like the 
temperature of a body. It is measured by the velocity 
communicated, apart altogether from the mass to which it 
is communicated.” “ But the quantity of a force is like 
the amount of heat in a body, Force-quantity is measured 
by the product of the velocity communicated the 
mass to which it is communicated” (p. 103). In defining, 
if he can be said to define, “ impressed force,” the author 
uses expressions such as “ so that when we speak or read 
of an accelerating force,/ or or 9 8 or 32 2, or a per 
second per second." 

This book would certainljr not be recommended by us 
to any student who is desirous of obtaining a know- 
ledge of mechanics ; but, for all we know, it may 
very well serve the purpose for which its author has 
designed it. It is a book written for candidates in certain 
examinations by a successful candidate. The author has 
introduced side lines to catch a student's eye, and we 
think this a very clever contrivance. Thus there is the 
side line “ Pressure ” (p. 2), and the student is directed to 
get off by memory : “ When a body is prevented from 
falling towards the earth by the hand or by a table, e.z.y 
the body exerts a certain pressure upon the hand or tne 
table.” It is interesting to know from such an authority 
as Dr. Aveling that this is the sort of definition whicn 
satisfies an examiner, and it seems to us that a study of 
this book by examiners would lead to very useful results. 

Solutions of the Examples in an Elementary Treatise 

on Conic Sections, By Charles Smith, M.A. (London : 

Macmillan, 1888.) 

Mr. Smith has been well advised in drawing up this col- 
lection of elegant solutions to the examples in his 
“ Conics.” His treatise is just now in the full tide of suc- 
cess, and seems likely to maintain its position for some 
time yet before a better one drives it into the background. 
This, then, is just the time when such aid as is here fur- 
nished is most acceptable to teachers, “ many of whom,” 
as we have more than once stated in these columns, and 
as the author here testifies, “ can ill afford time to write 
out detailed solutions of the questions which prove too 
difficult for their pupils.” We have compared many of 
the solutions here given with our own (in manuscript), and 
find that new light is thrown on some by Mr. Smith's 
thorough command of the latest methods. We have 
detected here and there a trifling error, which may per- 
haps cause momentary trouble to a self-taught student, 
but there is sufficient detail given to enable the reader, 
on careful perusal, to make the required correction. In 
some cases more than one solution is given : this is a 
good feature. The possessor of the text-boOk and of the 
“Solutions” occupies a strong position, and should be 
able to attain considerable skill in this particular branch 
of mathematics. J 

The Beginner's Guide to Photography, By a Fellow of 

the Chemical Society. (London : Perken, Son, and 

Raymcnt, 1888. 

This is a second edition, revised and enlarged, of an 
elementary guide for those commencing the art of photo- 
graphy. in it will be found practical hints as regards 
the choice of apparatus, and a good expUnation of the 
whole process of photographic manipulation, written in 
a manner which for beginners leaves nothing to be 
desired. 

An, article on “Exposure” has been added by Mr. H, 


S. Platts, including tables and directions, and the latter, 
if carried out by the amateur, ought to give him good 
results. 

There are, also, chapters on the production of lantern- 
slides, enlarging, and photomicrography, and the book 
concludes with a collection of the ifiustrations referred to 
in it. 


LETTERS TO THE EDITOR. 

[The Editor does not hold himself responeihU for opinions 
expnsud by his correspondents. Neither can he nnder* 
tcuse to return^ or to correspond with the writers of 
rejected manuscripts intended for this or any other part 
Nature. No notice is taken of anonymous communi' 
cations, \ 

Prophetic Germs. 

In his letter of October 8, the Duke of Argyll says that he 
sees great value in my statement (which he improperly terms an 
** admission that natural selection cannot act upon any 
structure which is not already developed up to the stage of actual 
use. He says, This is really all I want for my previous argu- 
ment, because all organs whatever do actually pass through rudi- 
mentary stages in which actual use is impossible.’' Here we 
have the Duke’s case in a nutshell. It is easily dealt with. 
Firstly, what the Duke terms an '* admission ” on my part is an 
essential and explicitly stated element of Mr. Darwin’s own 
exposition of his theory. Secondly, it is necessary for the Duke 
to demonstrate not that **all organs whatever,” but that some 
organs do actually pass through rudimentary stages in which 
actual use is impossible.” 

The stages here alluded to are— if I understand correctly— 
ancestral stages, not stages in the embryological development of 
the individual. 

I feel bound to state that I do not know of any facts in the 
history of either animals or plants which lead me (or, 1 may say, 
which have led any important number of the vast army of writers 
and observers on these subjects) to the cincluMon that any exist- 
ing active organ has passed through rudimentary stages in which 
actual use is impossible, if we set aside such cases as may be 
explained by correlation of growth or by the persistence of 
vestiges of formerly useful structures. 

If the Duke of Ar^U can show that any one organ has or 
“must have” passed through such useliMs stages (not explicable 
as due to correlation of growth nor at inherited vestiges), be 
ought at once to do so. Mr. Darwin, in his severe testing of hU 
own theory, tried to find such cases, and did not find them. What 
are they ? My own opinion is that they do not exist, and that the 
Duke’s case collapses. £. Ray Lankester. 


A New AustralUn Mamraal 
A FEW days ago, through the kindness of Mr. A. MoUneux, 
of Adelaide, a small mole-like animal, which appears to be 
new to science, was forwarded to the 'South Australian Museum. 
It was found on the Idracowie cattle-station, at a distance, I 
understand, of at)out 100 miles from the Charlotte Waters 
Telegraph Station, on the overland line from Adelaide to Port 
Darwin ; but the exact circumstihees of its capture are not yet 
to hand. The collector, however, reports that it must be of 
rare occurrence, as, on questioning the aboriginals of the locality, 
there was only one old woman who said she had seen it before, 
and that upon a single occasion. 

It is evidently an underground burrowing animal resembling 
somewhat the Cape mole (Chryaochtoris) in its general externuu 
appearance, but differing in many respects. 

fhe total length is 13 cm., inclusive of the tail, which is A cm . 
long. The head, relatively shorter than Chrysochloris, has a 
rounded muzzle, the dorsal surface of which is covered by a 
horny shield. Nostrils transversely slit-like. No eyes visible, 
the skin passing uninterruptedly over the ocular region ; but on 
reflecting the skin on one side of the face a small circular 
ment spot is visible in the positiem of the eye. No apparent 
bony orbit. Tongue fleshy, broad at the base, and taperir^ to 
a blunt point. No external ears ; but the ear-openings distinct, 
1 mm. wide, and covered over with fur. 

The fore-limbs arc short, resembling somewhat those of a 
mole ; but the manus is folded, so that the large nails of the 
fourth and fifth digits only are visible in the natural posUioa of 
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the limbs. Of these nails the fourth is 15 mm. long and of a 
uniform width of 4 mm., ending very bluntly ; the fifth is very 
slightly shorter than the fourth, broad at the base (8 mm.), 
tapering rapidly to a bUtnt point, the two together forming an 
outline rather like that of a goose-mussel (Lepas). The nails of 
the third, second, and first digits, very much smaller, form a 
scries gradually diminishing in sire in the order named, and con- 
stitute a second row on the inside of the fourth and fifth, by 
which, as stated, they are completely concealed from view. 
What corresponds to the palm is the cleft between the two rows 
of digits. 

The bind-limbs are also short, with the soles turned outwards. 
What appears to be the fifth (anterior) digit is very short, with a 
short, broad, and strong nail ; the fourth is armed with a long 
(7 mm.) narrow, curved, and sharp claw, while the claws of the 
third, second, and first are broad, flat, rounded at their points, 
and joined together by a membrane which extends nearly to 
their points. On the sole there is a hard, elongated, horny 
tubercle crossing it transversely. 

The tail, 2 cm. long, and 5 mm. wide at the insertion, tapers 
to 3mm., and terminates in a knob-Uke tip. 

About 15 mm. in front of the vent (? cloaca) there is a pouch 
in the integument about 4 mm. wide, with the opening directed 
backwards and having a depth in a forward directiou of from 
4-5 mm. The surface of this pouch is devoid of hair, but 
the bare area is surrounded by thick fawn-coloured fur, with a 
slightly reddish tint ; it is possible, however, that this reddish 
tint is due wholly or in part to some ferruginous- looking sand 
which is much mixed up with the fur. Tne body generally, 
with the exception of the lower two-f birds of the tail, which is 
bare, is covered with fur of a rather lighter tint. 

With regard to the internal parts, it is unfortunate that the 
specimen came to us completely eviscerated, and in a bad state 
of preservation generally ; but in a small part of the lower 
bowel which was left, remains of ants were found. The bowel 
terminates at a wide vent (? cloaca), and I can find no trace of a 
separate genital aperture, nor of such openings into the supposed 
cloaca. 

I have hot yet had time to examine with minuteness the 
skeleton, which unfortunately is also considerably damaged, 
especially about the occipital region ; but from a cursory examina- 
tion of the recently-skinned body, I can note the following 
points, with, I believe, accuracy’: — 

Cranium relatively large ; no bony orbits ; zygomatic arches , 
present ; well-developed shoulder-girdles with slender clavicles ; 
pectoral muscles large ; pelvis large and strong, with a rather ^ 
wide symphysis pubis, but no epi pubic bones, either actual or | 
rudimentary ; ribs, 14 ; angle of lower jaw markedly inflected. 

The teeth are peculiar, and require a more extended 
description than I can give at present, but the formula appears 
to be — 

3 » s\ / *. w 4 / 

This, however, may require some modification, os just posterior 
and external to the premolar (or first molar) of the right ramus 
of the mandible there is a small rudimentary conical tooth, 
which is not to be found on the opposite side, nor at 
corresponding positions in the maxilla. 

1 do not pretend to be a zoological expert, but 1 cannot helj) 
being struck with the resemblance both of the lower jaw and of 
the general characters of the teeth to the pictures of the jaws of 
Amphirherium as figured in various osteological works. I am 
now endeavouring to obtain other specimens, and meanwhile am 
having careful drawings made of the various parts of the present 
example of what appears to be a remarkably curious and inter- 
esting animal even in this land of strange and antique types. 

K. C. SHRLING. 

The University, Adelaide, South Australia, August 29. 


Nomenclature of Determinants. 

Nature of October 4 opens with a review of a book on 
'‘Determinants*' by two pupils of Prof, Valentin Balbin, 
whose energy and enthusiasm have done so much for mathe- 
matics in the University of Buenos Ayres. In regard to the 
naming of the various special forms of determinants, your re- 
viewer says : — “ The nomenclature adopted in the second book 
diHeri in some particulars from that employed by Muir. Thus, 
our authors do not follow him in substitatmg ' adjngate * for the 


more euphonious and more familiar adjective * reciprocal,' and 
they agree with Scott and others in calling those determinants 
I ‘ orthosymmetricsl ' which Muir names ‘ persymmetric.' We 
think that their name ‘ determinante hcnnsimMritft^ is a 
distinct improvement on the old ‘ determinant,’ 

but . . 

Now, as I have gone on a definite principle in tlie selection 
of the technical terms used in my book, and as I believe that 
this principle is one which receives very general approval among 
students of science, I shall be glad if you will allow me to direct 
attention to it. It is that, unless very strong reasons to the 
contrary can be adduced, the first name given to a scientific 
object or concept should not be departed from.^ In more 
aphoristic form, the multiplication of synonyms is a great evil. 
Judged by this principle, the terms " adjugate,” “ persymmetric,” 
and "skew ” deserve the place I have given them. " Adjugate,” 
as applied to a determinant, was a generation old before 
"reciprocal” was proposed ; and^what is no mean additional 
recommendation — it carries with it the sanction of the highly- 
honoured names of Gauss and Cauchy. To outweigh these 
claims there is very little to be said for the rival word. It is 
not more appropriate ; indeed, the kind of connection to be 
indicated does not involve the idea of reciprocity at all. It is 
true, as your reviewer says, that "reciprocal ” is a more familiar 
word ; but the use of a familiar word in a new and therefore 
unfamiliar sense is surely not to be commended. In regard to 
" persym metric,” similar language may be employed. It was 
proposed by Sylvester, and was in use for years by him and 
others before " orthosymmetric ” made its appearance, 7'he 
latter is not an etymological mongrel, but it is also not one 
whit more appropriate than the word it seeks to supplant, and 
it is the unfortunate parent of the monster “ doppelt-orthosym- 
metrisch.” It never was heard in England until 1880, and I 
regret that my friend Mr. Scott should nave seen cause to in- 
troduce it. As for the third word, "skew,” the arguments in 
its favour are still stronger. The determinant in question was 
called " skew ” in English and "gauche ” in French, by Cayley, 
as far back as 1846; and these words, and their German and 
Italian equivalents, are to be found employed in scores of 
original memoirs by the highest mathematicians. '* Hemisym- 
metric” is but of yesterday, and, so far as I know, has never 
been used by any mathematician of note. 

Is it merely n proof of the decadence of our insularity to find 
a welcome given by Englishmen to terms of foreign coinage 
which have been wantonly proposed to displace the original 
words of Cayley and Sylvester ? and what does it prove to find 
Germans, who at first derided the tropical luxuriance of Syl- 
ve.ster’s nomenclature, now out-Heroding Herod without having 
.Sylvester’s exculpating accompaniment of tropical luxuriance of 
iiteas 

Your reviewer’s protest against Dostor’s introduction of " mul- 
tiple determinants ” I cordially support, and only wish that he 
had taken space to show the numerous alwurdities connected 
therewith. Thomas Muir. 

Beechcroft, Bothwell, N.B. 

A Shadow and a Halo. 

“ E, W. P.” may see the phenomenon he desciil>es any sunshiny 
morning or bright moonlight night, when the dew is heavy on 
the gra.ss. The halo being caused by reflection at n small angle 
of the sun or moonlight from the wet surfaces of ihc blade> of 
grass, enhanced by contrast with the dark shadow (and having 
nothing to do with moist air), its brightness would no doubt be 
increased by the foreshortening and consequent apparent com- 
pression of the reflecting surfaces on the slope. The neighbour- 
hood of a high hedge would diminish it by lessening radiation, 
and the consequent cooling of the grass and deposition of dew 
upon it. 

Nature naturally lakes no account of moral analogies, of 
which Nature herself is full. Else one might note that a man 
never sees a halo round his own head unless he turns his back 
to the light. B. \V. S, 

Hampstead Heath, October 6. 

Often and often in walking or riding over the chalk downs 
of Wiltshire or Hertfordshire I have observed a bright bafo 
surrounding the shadow of my head. This is usually cast by sun 

* The mifoduction of “ coiuinuant '* may Fccm lo dn violence to this 
principle; hut the letter referred lo by lo tr rovitwrr wdl the opposite. 
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or mi)Qn in bright dear weather, and extends with a radius of 
about three times the shadow’s diameter around the head alone. 
It is probably due to diffraction of light-waves, an explanation of 
which at length may be read io Glozebrook’s ** Optics" and in 
other text books. But your correspondent omits the most ex- 
traordinary character of the phenomenon. It is a curious fact 
that any man can see the light around the shadow of his own 
head, but wr-m aboyt iheshatlow t)f another. Few people notice 
this halo, but when onoe pointed out to them, they tell me they 
frequently observe ir. It is particularly clear when thrown across 
a valley from one ridge to another on the opposite side. I have 
pmzzled over this spectral brightness for five yenrs, and never 
found an explanation of the fact that no one can see anyone's 
halo but his own. I have delayed writing to Naturr until 
cause and effect could both be given, but they are not forthcoming. 

Another curious appearance is a rainbow thrown by sunlight 
on block sound ice, probably due to polarUalion by crystals. On 
the one occasion when I saw it on a pond, I h^ no time to 
observe details. Has anyone seen the like? A. S. £vs. 

Marlborough College. 

Nesting Habit of the House Sparrow. 

1 SHOULU be glad to know if any of your correspondents have 
noticed a nesting habit of the house sparrow {Passer 
which I have very frequently observed in this part of New Zea- 
land. In many of the deep cuttings in our roads and in the 
cliffs upon our river* bonks, where the formation is a light 
pumiceous sand, these birds are in the habit of burrowing holes 
skniUirto those of the sand-martin {/iiruttJo ri/>ana). In some 
cases I have found these Imrrows by uieasurement to be as much 
as 6 feet iu depth. 

Can this be a recently acquired habit, and will it not have an 
infiuence upon the anatomical development of the bird ? 

Waihou, Auckland, N.Z., September 5. G. L. Grant. 


Sonorous Sands. 

1 NOTICK a letter from my friend Mr, A. R. Hunt in your 
isstie of last week, and odd aline to say that the sand which our 
common friend, the late Admiral Bedford, gave him p'oMfy, 
of my collecting. 

1 found that the sand in Studland Bay is sonorous, during a 
visit to Swanage, in 1869, and was, for many years, in such con- 
stant communication with the late Admiral Bedford, exchanging 
notes and specimens, that I think I must have given him the 
sonorous sand in question, though I cannot remember the 
circumstance. 

Anyway, there is no doubt that the dry sands of Studland 
Bay arc powerfully sonorou.s. Walking with my son and a 
young fiicncl of his across the bay in July 1869, we all amused 
ourselves hy kicking the musical dust before us, the two younger 
pairs of heels getting quite a volume of sound out of the 
performance. D. Pidgeon. 

Holmwo'.d, Putney Hill, October 6. 


A Shell Collector's Difficulty. 

If Mr. I.ayard will discard “ lightly corked tubes" altogether, 
and keep his minute shells in open-ended sections of glass tube, 
lightly closed, at lop and bottom, with cotton* wool, he will have 
no more trouble from ** milky efflorescence," which will not 
form in pro'wnce of the thorough draft " he will thus establish 
in his cabinet. D. Pidgeon. 

Holmwood, Putney Hill, October 13. 

Yorkshire Geological and Polytechnic Society. 

In accordance with a request made by the Council of the 
Yorkshire Geological and Polytechnic Society, lam compiling 
a history of the past fifty years’ work of the Society, and in- 
cluding in it biographical notices of some of its principal 
members. Amongst the latter was the Rev. W. Thorp, who 
for seveial years held the office of IIonoiai7 Secretary, and 
took great interest in the Society. He was at one time vicar of 
Womersley, and afterwards removed to Misson. llaforiunatcly 
I can obtain no records of his life. Can any of your readers 
assist me? Any information will he gratefully received and 
duly acknowledged. I believe Mr. Thorp died about 1857, 

Chevinedge, Halifax,^ October 15. James W, Davis. 


MODERN VIEWS OF ELECTRICITY.^ 

Part IV,— Radiation. 

XI. 

W E have next to consider what happens when electricAi 
waves encounter an obstacle. 

Mechanism of EUctric Radmiian. 

In forvning a mental image of an electrical wave, we 
have t'* note that three distinct directions are involved. 
There is (i) the direction of pro):)agation~the line of 
advance of the waves ; (2) the direction of the electric dis- 
placements, at right angles to this ; and (3) the direction 
of the magnetic axis, at right angles to each of the other 
two. 

One may get a rough mechanical idea of the process of 
electrical radiation (at any rate in a plane) by means of 
the cog- wheel system already used in Part fli. Itna^ne 
a series of elastic wheels, in one plane, all geared together, 
and let one of them be made to twist to and fro on 
its axis ; from it, as centre, the disturbance will spread 
out in all directions, each wheel being made to oscillate 
similarly and to transmit its oscillation to the next. Look- 
ing at what is happening at a distance from the source, 
we shall see the pulses travelling from left to right ; the 
electrical displacement, such as it is, being up and down ; 
and the oscillating axes of the wheels being to and fro, or 
at right angles to the plane containing the wheels. The 
electric displacement is small, because the positive and 
negative wheels gearing into one another move almost 
equally, and accordingly there is the merest temporary 
balance of one above the other, due to the elastic “give** of 
the wheels. The magnetic oscillations, on the other hand, 
are all in one sense, the positive wheels rotating one way 
and the negative the other : all act together, and so the 
magnetic oscillation is a more conspicuous fact than the 
electric oscillation. Hence it is often spoken of as 
electro-magnetic radiation rather than as electric radia- 
tion. But the energy of the electrostatic strain is just as 
great as that of the electro-magnetic motion ; in fact the 
energy alternates from the potential to the kinetic form, 
or viie versd, at every quarter swing, just like every other 
case of vibration. 

Prof. Fitrgerald, of Dublin, has devised a model of the 
eiher, which by help of a little artificiality represents the 
two kinds of displacement— the electric and magnetic- 
very simply and clearly. 

His wheels are separated from one another by a certain 
space, and are geared together by elastic bands. They 
thus turn all in one direction, and no mention need be 
made of positive and negative electricity as separate 
entities. 
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Fig. 48.— Fitworald'i Kthor UodrI. Am f>l‘ brau whtttk ooniwotAd by 
co.nnwn oiaNtic tj 4 nd&. If th« bjuid* nn ukon off any rtgioti, it b«XMiMii 
a. perfbet conductor, int > which disturbances catmot paaatratQ. 

But, the wheels being massive, a rotatory disturbance 
given to one takes lime to spread through the series, at 
a pace depending on the elasticity of the bands and the 
inertia of the wheels ; and during the period of accelera- 
tion one side of every elastic is stretched, while the other 
side is relaxed and therefore thickened. This thickening 
of the elastics goes on in one direction, and corresponds 
to an electric displacement in that direction ; the direc- 
tion being perpendicular both to the direction of adVonCe 
of the disturbance and to the axes of the wheels. A row 
of wheels corresponds to a section of a ^rave^front ; the 
^ ContinuQd frooi pv 4T9. 
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displacements of india-rubber and the rotating axes, i.e, 
the electric and the magnetic disturbances^ both lie in 
the wave^front. 

Clerk Maxwell's originally suggested representation 
was not unlike this.^ It consisted of a scries of massive 
wheels, connected together not by a series of elastic 
bands but by a row of elastic particles or “ idle wheels." 
These particles represented electricity ; .their displacement 
during the period of acceleration corresponding to the 
one-sided thickening of the elastic bands in Fitzgerald's 
model. 

I have proposed to contemplate a double series of 
wheels geared directly into one another, and representing 
positive and negative electricity respectively, because it 
seems to me that so many facts point to the existence of 
these two entities, and because then no distinction has to 
be drawn between one part of the medium which i-s ether, 
and another part which is electricity, but the whole is 
ether and the whole is also electricity ; while, neverthe- 
less, a much-needed distinction can be drawn between a 
motion of the ether as a whole, and a relative motion of 
its component parts— a distinction between forces able to 
move ether, i.e. to displace the centre of gravity of some 
finite portion of it, and forces which shear it and make 
its components slide past each other in opposite senses : 
these latter forces being truly electromotive. 

If It be asked how the elasticity of the ether is to be 
explained, we must turn to the vortex sponge theory, 
su^ested by Mr. Hicks® (principal of Firth College, Shef- 
field^), and recently elaborated by Sir William Thomson.'^ 
But this is too complicated a matter to be suited for popu- 
lar exposition just at present. It must suffice to indicate that 
the points here left unexplained are not necessarily at the 
present time unexplainable, but that the explanation's 
have not yet been so completely worked out that an easy 
grasp can be obtained of them by simple mechanical illus- 
trations and conceptions. At the same time, the general 
way in which motion is able to simulate the effects of 
elasticity will be found popularly illustrated in Sir 
William Thomson's article Elasticity ” in the Ency- 
clopsedia Britanntca " ; and the fact that clastic rigidity 
of a solid can be produced by impressing motion on a 
homofi^eous and otherwise structureless fluid must be 
r^arded as one of the most striking among his many 
vital discoveries. 

We have seen that to generate radiation an electrical 
oscillation is necessary and sufficient, and we have 
attended mainly to one kind of electric oscillation, viz. i 
that which occurs in a condenser circuit when the distri- 
bution of its electricity is suddenly altered — as, for 
instance, by a discharge. But the condenser circuit need 
not be thrown into an obviously Leydeu-jar form ; one 
may have a charged cylinder with a static charge 
accumulated mainly at one end, and then suddenly re- 
leased. The recoil of the charge is a true current, though 
a weak one ; a certain amount of inertia is associated with 
it, and accordingly oscillations will go on, the charge 
surging from end to end of the cylinder like the water in 
a tilted bath suddenly levelled. 

In a spherical or any other conductor, the like electric 
oscillations may go on ; imd the theory of these oscilla- 
tions has been treated with great mathematical power 
both by Mr. Niven and by Prof, Lamb.* 

Essentially, however, the phenomenon is not distinct 
from a Leyden jar or condenser circuit, for the ends of 
the cylinder have a certain capacity, and the cylinder has 
a certain self-induction ; the oifficuhy of the problem may 
be said to consist in finding the values of these things for 
the given case. The period of an oscillation may still be 

* RkU Ma^.t April i86i. 

* Brit, A«»c. Riiport, 18B5, Aberdttcn, p. 930. 

8 1 S*A. Htport, 1867, Manchwwar, p. 486. AUt> RJkiL Mag , October 
iWjv ■ 

4 Ph{\. Twib,, iBSx and 1883. Alio by Prof. J, J, Tbomsort, Math. Soc- 
Frbc., 1884. 


written 2»rV(ES) i only, since L and S are both very 
small, the frequency of vibration is likely to be excessive. 
And when wc come to the oscillation of an atomic change 
the frequency may easily surpass the rate of vibration 
which can affect the eye. The damping out of such 
vibrations, if left to themselves, will be also a very rapid 
process, because the initial energy is but small. 

But whether the charge oscillates in a stationary con- 
ductor, or whether a charged body vibrates as a whole, it 
equally constitutes an alternating current, and can equally 
well be treated as a source of radiation. Now, when we 
were considering the subject of electrolysis we were led to 
think of molecules as composed of two atoms or groups 
of atoms, each charged with equal quantities of opposite 
kinds of electricity. Under the influence of heat the 
components of the molecules are set in vibration like the 
prongs of a tuning-fork, the rate of vibration depending on 
and being characteristic of the constants of the particular 
molecule. The atoms being charged, however, their 
mechanical oscillation is necessarily accompanied by an 
electric oscillation, and so an electric radiation is excited 
and propagated outwards. These vibrations would appear 
to be often of the frequency Suited to our retina, hence these 
vibrating atoms indirectly constitute our usual source of 
light. The ''frequency" of the visible radiation can be 
examined and determined by optical means (some form of 
interference experiment, usually a diffraction grating), and 
hence many of the rates of vibration possible to the atoms 
of a given molecule under given circumstances become 
known, and this is the foundation of the science of 
spectroscopy. 

It is possible that the long duration of some kinds of 
phosphorescence may be due to the atoms receiving 
indirectly some of the ethereal disturbance, and so pro- 
longing it by their inertia, instead of leaving it to the far 
less inertia of the ether alone. It is possible also that the 
definite eniissivity of some fluorescent substances is due to 
periods of vibration proper to their atoms, which, being 
disturbed in an indirect way by receipt of radiation, re- 
emit the same radiation in a modified, and, as it were, 
laden manner. 

To get some further idea concerning the way in which 
an oscillating charge or an oscillating charged body can 
propagate radiation, refer back to Fig. 39, Part III. 
(Nature, vol. xxxvii. p. ^6), and imagine the rack 
oscillating to and fro. It will produce rotatory oscillation 
in the wheels gearing into it, these again in the next, 
and so cm. If the wheel- work were rigid, the propaga- 
tion would go on at infinite speed to the most distant 
wheels, but if it be elastic then the pace of propagation 
depends on the elasticity and the density in a way we 
have already said enough about. The line of rack 
is the direction of electric oscillation, the axes of the 
wheels the direction of magnetic or rotatory oscilla- 
tion, and at right angles to both these is the direction 
of advance of the waves. True, the diagram is not a 
space representation, it is a mere section, and a very 
crude suggestion of a mechanical analogy to what may be 
taking place. 

The wheels bein^ peifectly geared together and into the 
rack represent an insulator or dielectric : there is no slip 
or frictional dissipation of energy— in other words, there 
are no true electric currents. The electric oscillation is a 
mere displacement oscillation due to elasticity and tem- 
porary give of the elastic wheels, whereby during each 
era of acceleration they are thrown slightly into the state 
represented in Fig. 46 (vol. xxxvii. p. 367) as contrasted 
with Fig. 37 Oditi p. 345)- 

Effects of cncoitntcring a New Afedittm. 

Now contemplate an advancing system of waves, and 
picture their encounter with an obstacle ; say, a medium 
of greater density, or less elasticity, or both. If the new 
mediunt 1$ a perfect insulator, it must be considered as 
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having its wheels thoroughly geared up both with them- 
selves and with those of the initial medium, so that there 
is no slip or dissipation of energy at the surface. In this 
case none of the radiation will be lost : some will be re- 
flected and some transmitted according to ordinary and 
well-known mechanical laws. The part transmitted will 
suddenly begin tp travel at a slower pace, and hence if the 
incidence were oolique would pursue a somewhat different 
path. Also, at the edges of the obstacle, or at the boundary 
of any artificially limited portion of the wave, there will 
be certain effects due to spreading out and encroaching 
on parts of the medium not lying in the direct path. 
These refraction and diffraction effects are common to all 
possible kinds of wave propagation, and there is nothing 
specially necessary to be said concerning electrical radia- 
tion on these heads which is not to be found in any work 
on the corresponding parts of optics. 

Concerning the amount and direction of the reflected 
vibrations there is something to be said however, and 
that something very important ; but it is no easy subject 
to tackle, and 1 fear must be left, so far as I am concerned, 
as a distinct, but perhaps subsequently-to-be filled-up, 
gap. 

If the gearing between the new medium and the old 
is imperfect, if, for instance, there were a layer of slip- 
pery wheels between them, representing a more or less 
conducting film, then some of the radiation would be 
dissipated at the surface, not all would be reflected and 
transmitted, and the film would get to a certain extent 
heated. Hy such a film the precise laws of reflection 
might be profoundly modified, as they would be also if the 
transition from one medium to another were gradual in- 
stead of abrupt. But all these things must remain for the 
present part of the unfilled gap. 

Electric Radiation encounterinj{ a Conductor, 

We will proceed now to the case of a conductin^ir 
obstacle— that is, of waves encountering a medium whose 
electrical parts are connected, not by elasticity, but by 
friction. It is plain here that not only at the outer layer 
of such a medium, but at every subsequent layer, a cer- 
tain amount of slip will occur dui'ing every era of accelera- 
tion, and hence that in penetrating a sufficient thickness 
of a medium endowed with any metallic conductivity 
the whole of the incident radiation must be either reflected 
or destroyed : none can be transmitted. 

Refer back to Kig. 43 (vol. xxxvii. p. 34^), and think of 
the rack in that figure as oscillating. Through the cog- 
wheels the disturbance spreads without loss, but at the 
outer layer of the conducting region a u c d a finite slip 
occurs, and a less amount of radiation penetrates to the 
next layer, E F G H, and so on. Some thickness or other, 
therefore, of a conducting substance must necessarily 
be impervious to electric radiation ; that is, it must be 
opaque. 

Conductivity is not the sole cause of opacity. It would 
not do to say that all opaque bodies must be conductors. 
But conductivity is a very efficient cause of opacity, and 
it IS true to say that all conductors of electricity arc 
necessarily opaque to light ; understanding, of course, 
that the particular thickness of any homogeneous sub- 
stance which can be considered as perfectly opaque must 
depend on its conductivity. It is a question of dissipation, 
and a minute but specifiable fraction of an original dis- 
turbance may be said to get through any obstacle. 
Practically, ho'vever, it is well known that a thin, though 
not the thinnest, film of metal is quite impervious to light. 

When one says that conductivity is not the sole 
cause of opacity, one is thinking of opacity caused by 
heterogeneity. A confused mass of perfectly trans- 
parent substance may be quite opaque ; witness foam, 
powdered glass, chalk, &c. 

Hence, though a transparent body must indeed be an 
insulator, the converse is not necessarily true. An insulator 
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need not necessarily be transparent. A homogeneous 
flawless insulator must, howevet, be transparent, just as 
a homogeneous and flawless opaque body must be a 
conductor. 

These, then, are the simple connections between two 
such apparently distinct things as conducting power for 
electricity and opacity to light which Maxwelrs theory 
points out ; and it is possible to calculate the theoretical 
opacity of any given simply- constructed substance by 
knowing its specific electric conductivity. 

Fate of the Radiation, 

To understand what happens to radiation impinging 
on a conducting body it is most simple to proceed to the 
limiting case at once and consider a perfect conductor. 
In the case of a perfect conductor the wheels are 
connected not even by friction ; they are not connected at 
all. Consequently the slip at the boundary of such a 
conductor is perfect, and there is no dissipation of 
energy accompanying it. The blank space in Fig. 38 
(vol. xxxvii. p. 345), represented a perfectly conduct- 
ing layer. Ethereal vibrations impinging on a perfect 
conductor practically arrive at an outer confine of their 
medium : beyond there is nothing capable of trans- 
mitting them ; the outer wheels receive an , impetus 
which they cannot get rid of in front, and which they 
therefore return back the way it came to those behind 
them with a reversal of phase : the radiation is totally 
reflected. It is like what happens when a sound-pulse 
reaches the open end of an organ-pipe ; like what happens 
when sound tries to go from water to air ; like the last of 
a row of connected balls along which a knock has been 
transmitted ; and our massive elastic wheels arc able to 
represent the reversal of phase and reflection quite 
properly. 

The reflected pulses will be superposed upon and 
interfere with the direct pulses, and accordingly if the 
distances are properly adjusted we can have the familiar 
formation of fixed nodes and stationary waves. 

The point of main interest, however, is to notice that a 
perfect conductor of electricity, if there were such a thing, 
would be utterly impervious to light : no light could 
penetrate its outer skin, it would all be reflected back : the 
substance would be a perfect reflector for ethereal waves of 
every size. 

Thus with a perfect conductor, as with a perfect non- 
conductor, there is no dissipation. Radiation impinging on 
them is either all refracted or some reflected and some 
transmitted It is the cases of intermediate conductivity 
which destroy some of the radiation and convert its 
ethereal vibrations into atomic vibrations, i,€, which 
convert it into, heat. 

The mode in which radiation or any other electrical 
disturbance diffuses with continual loss through an im- 
perfect conductor can easily be appreciated by referring 
to Fig. 43 again. The successive lines of slip, a B c D, 
E F G H, &c., arc successive layers of induced currents. 
An electromotive impulse loses itself in the production of 
these currents, which are successively formed deeper and 
deeper in the material according to laws of diffusion. 

It the waves had impinged on one face of a slab, a 
certain fraction of them would emerge from the other face-— 
a fraction depending on the thickness of the slab accord- 
ing to a logarithmic or geometrical- progression law of 
decrease. Ouvek J. Lodge. 

{To be continued) 


PRESENT POSITION OF THE MANUFAC- 
TURE OF ALUMINIUM. 

T he recent opening of new works for the manufactore 
of aluminium at Oldbury, near Biritiingham, is 
distinctly an epoch in the history of this interesting 
metal 
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The first practical steps for the manufacture of alu- 
n^ittium were taken in France, following^ the discoveries 
of W6hler and of Deville, and that country has retained 
the monopoly of its production up to the present time. 
Aluminium was first obtained in a pure state in the 
year 1854 by St. Claire Deville whilst working in the 
laboratory of the Normal School, Paris, with a totally 
different object. Some pounds of this metal which were 
shown at the Paris Exhibition of 1855 had been made at 
the chemical works of javel ; subsequently larger plant 
was put up at some works at Glaci^re ; later on we find 
the manufacture in an improved form transferred to 
Nanterrc ; and soon afterwards it was removed to the 
position in which it has ever since remained, viz. at 
Salindres, at the works at that time belonging to Messrs 
Merle and Co., but now carried on by Messrs. Pechiney 
and Co. 

Shortly after Deville obtained aluminium by reducing 
the chloride with sodium, he also succeeded in isolating 
it by electrolyzing the double chloride of aluminium 
and sodium in a state of fusion. Many attempts have 
been made to improve this method, but although within 
the last year or two works have been put up both in 
Ciermany and in France which arc stated to be able to 
produce aluminium at a comparatively cheap rate, there 
is no trustworthy evidence to show that they can compete 
with the sodium process. On the face of it there appears 
no reason why aluminium should not be economically 
manufactured m this way, since it is an undoubted fact 
that it can be done in the case of magnesium. There 
are, however, difficulties in getting aluminium to de- 
posit in a satisfactory condition which do not occur with 
magnesium. 

Recently, by applying electricity in a totally different 
way, alloys of aluminium have been manufactured on a 
comparatively large scale in America by Messrs. Cowles 
Bros. Works for the purpose are also being opened by 
them in England. This process, it will be remembered, 
consists in passing a powerful current between two carbon 
electrodes embedded in a mixture of alumina, charcoal, 
and the other metal required for the alloy. By this pro* 
cess aluminium in an unalloyed form has not yet been 
obtained, at any rate commercially. 

Some fourteen years ago, Messrs. Bell Bros., of New- 
castle- on -Tyne, erected works to manufacture aluminium 
by means of sodium ; but, after incurring great expense, 
they abandoned the attempt, partly owing to difficulties 
-experienced in obtaining it sufficiently pure for the manu- 
iacture of alloys, and partly because they were unsuccess- 
ful in getting it used on a sufficiently large scale. Another 
factory put up in Berlin was similarly abandoned, almost 
as soon as erected. 

In America, a few years ago, Colonel Frismuth sold 
aluminium, which, he stated, was made by an improved 
sodium process of his invention ; he did not, however, 
reduce the price, and his claims have not been substan- 
tiated. The same thing may be said of the Aluminium 
Company which was started about the same time in this 
country to work the patents of Mr. Webster, of Birm- 
ingham. It is, however, by this Company, after having 
undergone reconstruction, that the process is now being 
worked which warrants our opening statement that a 
fresh epoch has been reached in the manufacture of 
aluminium. 

The process in question is the outcome of experiments 
commenced some six or seven years ago by Mr. H. V, 
Castner in New York. He appears to have come to the 
conclusion that aluminium could only be satisfactorily pro- 
duced by means of sodium, and he accordingly commenced 
work to try and improve and cheapen the manufacture 
of sodium. Having oinained what be considered suf- 
ficiently satisfactory results, he came over to this country 
about two years ago, and erected experimental works at 
Lambeth, where, after further trials, he succeeded in de- 


monstrating that he was really able to produce sodium 
at a much cheaper rate than had before been possible ; 
in fact, it appears he is able to produce sodium at less 
than u. a pound, whereas it had previously cost about 4J. 
This success led to the erection of works at Oldbury, 
which have been recently completed, and are now in 
successful operation. 

In the process hitherto employed to produce sodium, an 
intimate mixture of carbonate of soda, lime, and charcoal 
is first calcined at a red heat, and this having been trans- 
ferred to small wrought-iron cylinders (mercury- bottles or 
large gas-piping being commonly used), it is heated to 
about 1500'’ C., when the metal, having become reduced 
to the metallic state, distils over, and is condensed in a 
flat iron mould. In practice, this method is found to be 
defective both mechanically and chemically. 

At least half the ultimate cost of production results 
from the wear and tear of the furnace, and the destruc- 
tion of the retorts or cylinders by the comparatively high 
temperature. Looking at it from the chemical point of view, 
we find the condition of things almost as bad ; little, if 
any, more than 40 per cent, of the sodium actually in 
the charge being obtained in the metallic state. 

All these difficulties arise from the presence of lime irt 
the charge, the lime being added to stiffen the mixture, 
and so prevent the charcoal from separating from the 
soda. But the thickening of the charge, which for pne 
reason is so desirable, is equally objectionable for others. 
It is the thickening of the charge wliich necessitates 
the use of small cylinders and a high temperature : the 
material being a bad conductor, it could not otherwise be 
sufficiently heated. Another important difficulty in th6 
old process arose from the presence of carbonic oxide in 
the gases produced in the reactions. Sodium vapour; 
when near its condensing-point, reacts upon carbonic 
oxide, forming a black refractory material which, is 
exceedingly explosive. This is particularly the case 
with potassium, and is the principal reason why potassium 
is so much dearer than sodium. 

Mr. Castner originated the idea of weighting the par- 
ticles of carbon, thus doing away with the necessity of 
adding lime. The practical results of this modification 
in the method of manufacturing sodium are very far- 
reaching and important. The charge being perfectly 
fluid, it is no longer necessary to employ such a high 
temperature, since there is a continuous circulation of 
fresh material to the sides of the crucible, where the 
temperature is sufficiently high to set up the reactions by 
which the sodium is reduced to the metallic state. For 
the same reason large crucibles can be used instead of 
small cylinders. Also, the temperature of the operation 
being reduced from about 1400" C. to about 800^ C., cast 
iron or cast steel may be used for the containing vessels 
instead of wrought iron. 

The carbon particles are weighted by means of iron. 
„The iron is first obtained in a fine state of division 'by 
reducing oxide of iron — ** purple ore” being generally 
used for the purpose — in “ producer gas,” a mixture of 
carbonic oxide and hydrogen. The finely-divided iron 
thus obtained is stirred into molten pitch, which is then 
cooled and broken up into lumps. The next operation 
consists in heating these lumps in crucibles, whereby a 
coke is produced containing carbon and iron in the pro- 
portion of about 30 : 70 ; this material, technically called 
‘‘carbide,” having been ground up very fine, is incor- 
porated with certain proportions of caustic soda and car- 
bonate of soda, and the mixture is charged into large 
crucibles, where it is heated until the violent effervescence, 
due to the escape of carbonic acid and hydrogen, which 
takes place at first, has subsided. These crucibles are 
provided with holes at the bottom, closed by movable 
plugs. When the effervescence has ceased, the charge^ 
in a liquid state, is run out into smaller crucibles and 
transferred to the furnace in which the distillation of tht 
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%o<iium is to take place. The preliminary heating takes 
about half an hour, and the actual distillation about an 
hour and a half. 

The lid of the crucible, to which is attached the con- 
densing arrangement consisting of an iron pipe dipping 
into an iron box, is fixed in the furnace ; it has a convex 
rim which makes a joint with the grooved top of the 
crucible, with the assistance of a little powdered lime. 
The crucibles are raised and lowered by means of 
hydraulic power, the work of removing a crucible from 
the furnace and replacing it by another being done with 
great rapidity. 

The reaction w'hich takes place may be represented by 
the formula — 

6NaHO + KeCa - 2 Na^,C 03 + 6H + Fc + 2Na. 

This formula is made up in reality of several taking place 
pari passti. The main point is that it clearly expresses 
the dnal result. It will be observed that no carbonic 
oxide is given off, and the difficulties already referred to, 
caused by the presence of that gas, are got rid of. The 
iron is recovered, and used over and over again by coking 
it with fresh tar. 

It is unnecessary to refer here to the arrangements for 
the production of the double chloride of aluminium and 
its r$duction by sodium, as no special novelty is claimed 
for them* 

Mr. Castner has showm great technical skill in devising 
the plant used throughout the works, and they are in 
every way a great advance on any tiling of the kind 
attempted before. 

A novel feature is that hydrochloric acid, for the manu- 
facture of the double cbloridc, is obtained direct by means 
of pipes from Messrs. Chance’s glass-works, which are 
contiguous, and the carbonate of soda resulting from 
the operation in which sodium is produced is similarly 
convc^^i^ to Messrs. Chance’s, to he there purified and 
crystmlized. 

The estimated possible output of these works is stated 
to be 500 pounds of aluminium and i j;oo poiuids of sbdium 
per day. The cost of manufacture of aluminium has 
hitherto been between 3<w. and4ar. perpound. By Castner’s 
process it Js stated that it can be produced at i sr. That 
this is so there is but little reason to doubt ; and it is a 
substantial and important reduction, which will enable 
alumirtium to be used much more largely than has hitherto 
been possible. StHI, before it can be very largely used, 
the price will have to be further considerabfy brought 
down; and it is much to be hoped that Mr. Castner’s 
success will stimulate him and others to work with this 
end in view. 


T//E QUEEN\S JUBILEE PRIZE ESS A F OF 
THE ROYAL BOTANIC SOCI ETY OF LONDON, 

pROBABLY the last of the Jubilee productions has 
^ seen the light by the appearance of an article in 
the Quarterly Record of the Royal Botanic Society of 
London for the three months ending March last under the 
title of" Fifty Years of Economic Botany.'^ The article in 
Question forms the essay to which the Council of the 
Royal Botanic .Society has awarded its gold me lal and a 
purse of fifty guineas. The author is Mr. John W. 
Ellis, L.R.C.P. It needs only a casual glance to dtscover 
how deficient this short essay is, not only in consequence 
of the numerous omissions of very important plams and 
products, but also on account of the imperfect information 
given under many of the headings. Thus the writer tells 
his readers that China grass and rhea are two distinct 
fibres furnished by allied plants, the former by Bfrhmeria 
m\/ea and the latter by B, tenacissimay while the fact is 
that China grass and rhea are one and the same thing, 


/?. tenacissima 1>eing a synonym of B. ni7fea. In a caspa? 
reference to “ Moong** fibre the author is apparenlly quite 
ignorant of the fact that its botanical source is Sacch^ruftr 
munja^ Koxl). New Zealand flax {Phonnium tenax^ is 
introduced under textiles, but why is not apparent, for t hr 
author concludes his paragraph as follows--" Not having 
been introduced during the period to which this essay 
refers, any further mention of this interesting fibre— for 
which it has frequently been attempted to find a place m 
the British market —is unnecessary.” Why " gun cotton 
and its derivatives ” should occupy a special chapter it is. 
difficult to say, seeing that this explosive substance is not 
a direct product of the vegetable kingdom ; the author 
however apparently looks upon it as a much more 
important vegetable product than the species of cinchona, 
the ipecacuanha, coca, jalap, or the multitude Of new; drugs 
that have occupied such a prominent place in men’siiiinds 
for the last tw^enty years. The success that has attended 
the acclimatisation of the cinchonas in our lndi<in 
possessions, whither they were introduced some twe’nft)' or 
thirty years since, when there was a great fear lest the 
supply of bark from South America should fail beentrsv 
of the great demand, and the consequent reduction in 
the price of quinine from a guinea to its present price of 
two shillings per ounce, are facts of sufficient importance^ 
one would think, to be noted in any record of the progTess 
of useful plants. And the same might also be sakl with 
regar 1 to Erythroxyhm Coca, considering tb what 'purpose 
cocaine is now being put, but tl>e authdr— member of 
the medical prnfcssion~has apparently a wholesome dread 
of di^ugs, and for once has rgnored all consideration of 
them' He seems to have been content to ccwisult very 
old books for his facts throughout and to have compl^ly 
passed over modern authorities ; consequently his state- 
ments are both antiquated and incorrect 

The old name of SipAonia dasHca is quoted for the 
Para rubber plant instead of the now better known mme 
of line'll brasi fiends. Batata is referred XbSapeda 
instead of Mimusops ginhomy and we read that 'Mr. 
Jenman’s report on the Balata Forests of Brhieh Guiana 
issued in 1885 "will probably assist in developing: 
a demand for this material," while the fact is eii ‘t 
balata has been going down in the estinurtion of menu'- 
facturers since that date in coifsequence^of it haviogbeen 
found not to be durable when exj^sed to the air ; menu' 
factured articles made from it cracked on tfaesufifaee,atKi 
the inner portion lost its tenacity, so that some nionu- 
facturerb have given up its use entrrely. The Pika plnm 
of W. Trop. Africa, which has long been klenufied with 
the Simarubeous plant {frtnny^ia Barferi)y ts re'ferrcd to 
under the very old name of Man^ifera Gab>mmsfSy n 
genus belonging to the natural order A«:icardiaec«c, 
Again carapa or croupee oil of West Africa is said to be 
obtained from the seeds of Carapa guineeHsis and ctwb 
oil of British Guiana from Carapa guianensis, Tl^se 
two were combined by Prof. Oliver under C, guyane^ds 
in the " Flora of Tropical Africa " so far back as 1868, 
These arc only a few illustrations of the general un- 
trustworthiness of the essay, the circulation of which, it 
is hoped, will not be large. 


THE ZODIACAL LIGHT, 


I T7 ROM the days of Cassini a connection between fhc 
I L zodiacal light and sun-apois has been auggeated. 

I In some recent discussions it is denied. But, ao far as i 
am able to discover, the long series of observations by 
Heiss and Weber, extending from 1847 to 1883, affortl 
the first opportunity to attack the question. ' 

The i-csiilt is in the diagram before you. The biJdUen 
line represents Wolfs well-known series of Tilative iuri' 
-epot numbers, the jagged full line the mean 
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of the apparent apex of the zodiacal light from the sun. 
It will be seen that eact^ sun-spot minimum corresponds 
with a maximum of the zodiacal light, and each sun-spot 
maximum with a minimum of the zodiacal light. The 
minimum in 1870 must be considered as masked by the 
forces tending to produce the enormous maximum of 
1876. It will be noticed, too, that when the sun-spot 
phenomena are more extensive, as in 1850 and 1870, the 
following zodiacal light phenomena arc also more exten- 
sive ; where die sun-spot phenomena are less, as in i860, 
the following zodiacal light phenomena are less extensive ; 
and per contra^ when the zodiacal light phenomena are 
extensive, as in 1880, the sun-spot phenomena are less 
extensive. As far as this series goes, the correlation 
seems to be complete. 

We may gain some insight into the relation by tabu- 


lating the various spectroscopic observations in their 
order in the sun-spot cycle. Thus we have Lias, for four 
years during the rise in the sun-spot period, observing 
I only a faint continuous spectrum ; Respighi and Lockyer, 
i just after sun-spot maximum, one bright line ; Vogel, the 
same ; Smyth, Seech i, Pringle, about the same date, no 
spectrum, or only a continuous spectrum ; Tacchini, pos- 
! sibly a bright line ; Wright, three years after maximum, 

I generally only a continuous spectrum,— three times a 
! bright line ; Burton, fourth year after sun-spot maximum, 

! continuous spectrum ; generally a bright line ; Arcimis, 

! five years after sun-spot maximum, continuous spectrum 
1 and two bright lines' (1480 K and 2270 K}. It would 
! seem, therefore, that the zodiacal light is more gaseous at 
i sun-spot minimum, and only slightly, if at all gaseous, at 
\ and near sun-spot maximum. 



CominarUon uf lodiacal light eloogatians with Wolfs rdattvc 5un-»po>t nuitibera. 


The same story is told hy the disturbances suffered by 
Encke*s cornet.^ 

We would consider, therefore, the zodiacal light a 
loicua of condensation. 

Oite may notice, toft, that the light appears, in common 
with the frequency of aurorie ai^d the diurnal range of the 
dedination -needle, to be affected by a disturbance of 
longer period. But for the present we must restrain our- 
selves from the connections with terrestrial and cosmical 
physics with which the matter teems, and ask •-what is 
the principal object of this communication— that those 
who ine not observing will observe, and that those who 
h^, os know of the places of concealment of, any 
observations, will kindly call them to our attctition. 

dakimare, Md O., T. Shjsrman. 

~ * Gaultfs 


CHEMISTRY AT THE ERHISH 
ASSOC/A I /ON, 

I T was hardly to be expected that the proceedings of 
the Chemical Section of the British Association would 
be .'is remarkable at Hath as at Manchester. Nevertheless, 
at liath some interesting discussions look pl.ace, and some- 
valuable papers weie read. 

The Presiclenfs Address was listened to with great 
interest, and formed a fitting introduction to the dis- 
cussion, which afterwards took place, on the teaching of 
chemistry. 

In the “Report of the Committee on the Action or 
Light on the Hydracids, in Piesence of Ox\ gen read by 
Dr. Richardson, some experiments were described, in 
continuation of those read before the Association last 
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year. The influence of traces of free chlorine and of 
moisture on the course of the reaction was investigated. 

, In connection with the “ Report of the Committee on 
the Properties of Solutions/* read by Dr. Nicol, a new 
apparatus for determining solubilities at temperatures 
below 100^ was shown. Excellent results had been ob- 
tained, owing to the very intimate mixture of the salt and 
solvent. 

Dr. Johnstone Stoney exhibited to the Section a dia- 
gram illustrating the logarithmic law of the atomic weights. 
Many curious relations are brought out by its means. If, 
as seems probable, the logarithmic law be a law of Nature, 
there appear to be three elements lighter than hydrogen. 
Prof. Sterry Hunt, in his paper on “ The Study of 
Mineralogy,** advocated a system of mineralogy, based 
on the successive forms which are imposed upon matter : 

(i) the chemical form or composition ; (2) the minera- 
logical form, or physical state ; (3) the crystalline form, 
being the most accidental. 

Some speculations suggested by Van *t Hoff*s hypo- 
thesis were put forward by Mr. J. E. Marsh, attention 
being drawn to certain compounds, which appear to be 
geomttrical isomers. 

The same author, in another paper, suggested a new 
constitutional formula for camphoric acid. 

On the Friday morning an interesting and well* attended 
discussion (at which the members of Section D were 
present) was opened by Prof. Michael Foster, on the 
Chemical Problems presented by Living Bodies." In 
the course of his remarks he suggested several subjects 
for chemical investigation, such as the exact chemical 
diflerence of certain proteids, the changes which occur 
in the curdling of milk and the clotting of blood, and, to 
the biologist, the all-important question of the relation 
in which water stands to the organism. 

An animated discussion followed, in which several 
chemists and biologists took part. In reply to Prof. 
Thiselton DyePs question, as to whether the processes 
employed by chemists had any connection with those 
which take place in Nature, Prof. Armstrong cited several 
cases in which the chemical changes occurring in Nature 
bore a suggestive relation to those brought about in the 
laboratoi7. 

In their paper on the “ Incompleteness of Combustion 
on Explosion," Prof, H. B. Dixon and H. W. Smith show 
that, on exploding a mixture of oxygen* and hydrogen in 
a long tube, a considerable residue of gas is obtained, 
which is still explosive. Experiments were made to arrive 
at the cause of the phenomenon, and an explanation is 
suggested. 

A new gas-analysis apparatus was shown by Dr. Nicol, 
which combined the advantages of the Hempel appar- 
atus with the means of using mercury and of readily 
performing explosions. 

Dr. Bott exhibited a modification of a vapour-density 
apparatus, previously described, which can be employed 
at any temperature or pressure. 

On the Saturday morning Prof. Dunstan read the 
“ Report of the Committee on the Teaching of Chemistry," 
which was followed by a paper on “ Chemistry as a School 
Subject,” by the Rev. A. Irving. 

' In the ensuing discussion, which was confined to the 
teaching of chemistry in .schools, many of the speakers 
seemed to agree with the opinions quoted in the report, 
viz. — 

(1) That chemistry should be taught in schools, 
first, and mainly, on account of the mental training it 
affords ; and, secondly, for the sake of its applications, 
and its direct beari^ on the facts of every-day life. 

(2) The chief difficulties met with in teaching seem to 
be those which arise from (i.) defective organization and 
considerations of expense ; (ii.) the lower value attached 
to chemist^ in comparison with other subjects of the 
school curriculum ; (iii.) the time which is devoted to the 
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subject ; (iv.) preparation for various examinations ; (v.) 
absence of good text'books ; (vi.) dearth of properly- 
qualified teachers. 

(3) The older plans of teaching are felt to require 
modification. 

The Committee ask for reappointment. 

A discussion on “Valency” was opened on Monday by 
Prof. Armstrong. The question of constant and variable 
valency was referred to in connection with such com- 
pounds as chloroplatinic acid, &c., and a few new terms 
were introduced. The constitution of such bodies as 
tetra-methyl -ammonium iodide was considered. Dr. 
Morley drew attention to the infiuence which one element 
in a compound often has in modifying the properties of 
another not immediately adjacent to it. Chemists were 
advised to study the facts connected with the question 
carefully before speculating. 

Later on, Mr. Velcy described an ingenious arrange- 
ment he had invented for s^tudying the action of acids oiv 
copper, under simple conditions. 

The closing sitting was opened by Prof. Armstrong, 
who read the “ Report of the Committee on Isomeric 
Naphthalene Derivatives/* It was shown that the exist- 
ence of all the known dichlor-naphtbalenes can only be- 
explained by the use of space-formulae. 

In a “Note on the Molecular Weight of Caoutchouc 
and other Bodies/* Dr. J. H. Gladstone and W. J.. 
Hibbert attempted to apply Raoult's method to the 
determination of very* high molecular weights, with fair 
results. 

Some interesting compounds of silicon with thio- 
carbamide and with aniline were exhibited and described 
by Prof. Emerson Reynolds, together with several other 
new ihio-carbamide compounds. An account of these 
exhibits was given in Nature last week (p. 575). 

Dr. Richardson, in his paper on “ The Action of Light 
on Water-colours,** drew attention to the very important 
part played by moisture in assisting their decomposition. 
Colours are divided into two groups ; (i) those which 
bleach under the combined influence of light, airi and 
moisture; (2) those on which light exerts a reducing 
action, which is independent of the air, and in some cases 
takes place in the absence of moisture. 

A paper on “ Pyrocresols,** by Dr, W. Bott and J. B. 
Miller, was illustrated by specimens of a large numtier of 
derivatives of a-pyrocresol, amongst them being two new 
azo colouring-matters. 

With the reading of this paper the proceedings 
terminated. 

By the courtesy of several chemical manufacturers in 
the neighbourhood, the members of the Section were* 
enabled, during the course of the meeting, to visit 
several works where interesting operations were being; 
carried on. 


GEOLOGY AT THE BRITISH ASSOCIATION, 

T he most important geological work done at Bath thia 
year related to volcanic and earthquake phenomena. 
Dr. Johnston-Lavis gave an account of the recent eruption 
in Vulcano, and read the letter which has already appeared 
in the Times from Mr. Narliau, a deeply interested and 
much-injured witness of the whole occurrence. The chief 
features seem to have been the ejection of very laree 
blocks to a great distance— one, measuring 10 yards in 
length, having been found three-quarters of a mile from 
the crater— and the occurrence of flames, probably caused 
by the combustion of sulphur deposits. This pa^ 
was illustrated by lantern photographs taken by Dr. 
Tempest Anderson three months before the event. The 
latter gentleman also exhibited photographs of Vesuvius, 
Stromboli, and Etna, showing diflerent phases of ervq^tion. 
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Dr. Lavis presented a report on Vesuvius, describing 
various new sections cut tnrougb the tuffs and lavas of 
Vesuvius and the Phlegrean fields. The report an- 
nounced the completion of the author^s map of Vesuvius, 
and claimed to have established that the volcanic activity 
of the mainland had followed a regular course south- 
wards. The same author announce the discovery of 
leucite in a lava from Etna^ and in another paper attri- 
buted the conservation of heat in volcanic chimneys to 
latent heat set free on the passage of magma from a 
vitreous to a crystalline condition. Among the other 
papers were one by Dr. Claypolc, who pointed out that in 
many places, and notably in the Appalachians, strata 
had been forced up from a depth greater than five miles, 
the supposed depth of the “ layer of no strain ’’ ; and one 
by Mr. Logan Lobley, who attributed (i) the formation 
of lava to heat in the earth^s interior inducing chemical 
action, (2) its ejection to the expansion due to change 
from a solid to a fluid state, and (3) explosive eruption 
to the access of sea- and land-water to the volcanic focus. 
In the discussion a good deal of misunderstanding 
seemed to arise from the confusion of **zone of no 
strain ” with “ zone of no cooling.” 

Prof. J. Milne gave tables to show the distribution of 
Japanese earthquakes in connection with vears, seasons, 
months, and hours of the day. Further tables proved that 
the majority of earthquakes coincide with a high baro- 
meter, and that they are more frequent when the glass is 
falling or rising, than when it is steady. Earth- tremors 
are almost always associated with strong wind. 

The local interest centred round papers on the Oolitic 
and Carboniferous rocks. Mr. Horace Woodward united 
the Cotteswold, Bridport, and Yeovil Sands under the 
name of Midford Sands ; thought that the fullers' earth 
should be grouped with the Great Oolite which its 
upper beds sometimes replaced ; and preferred to divide 
the Portlandian in Britain into an upper division, in- 
cluding the Portland, Tisbury, and Swindon stone ^ and a 
lower division, to hold the Portland Sand and Hartwell 
Clay. 

A very interesting communication from Mr. Whitaker 
described the occurrence of the Bath Oolite at a depth of 
108 1 feet in the Streatham boring, the author hoping that 
the boring would be continued on the chance of meeting 
some porous rock under this which might have tapped off 
the Lower Greensand waters. Even if this did not take 
place, he trusted that the boring might be continued for 
purely scientific purposes, and as another opportunity of 
testing the question of coal under London. 

Mr. Wethered correlated the Lower Carboniferous 
limestone of Gloucestershire with the Tuedian and Caki- 
ferous series of the north of England ; and Mr. Handel 
Cossham described a series of trial shafts and headings 
which proved the' existence of a reversed fault with very 
low hade on the northern part of the Bristol coal field : the 
effect of the faulting of the strata was nearly to doul^e 
the known coal resources in the western part of the field. 
A similar overthrust, bringing Carboniferous limestone to 
rest |n dolomitic conglomerate at Tytherington was 
described by Mr. Win wood ; and Mr. Ussher called in 
similar faults to explain the position of the Vobster lime- 
stone patches in Somerset. The latter author considered 
the Watcombe terra-cotta clay to be of Triassic age. 

There were a few papers on the Archaean rocks, but 
little that was new was brought forward. Dr. Persifor 
Frazer considered that the central rocks of the nucleal 
ranges of the Antilles were Archaean ; and Dr. Irving 
summed the evidence for life in this system, and found it 
wanting. 

Mr. Bell's ‘‘ Report on the Manure Gravels of Wexford ” 
concluded that these were immediately pre^glacial in age, 
and that the Kiiliney gravels, and the marls, clays, and 
brick-earths of the coast were of later date. Mr, Clement 
Reid recorded B$tula nana, Saiix ^oiaris^ and 5 . myr- 


sinites from the lacustrine deposit of Hoxne, to prove 
that it was formed in a severe climate preceded by a 
warmer one in which yew, bur- reed, and cornel flourished. 
A lengthy report from Dr. Crosskey on new erratic blocks 
in Yorkshire, Essex, Lancashire, and Leicestershire, was 
followed by a paper on a high-level bo aider- clay (700 feet) 
in the Midlands, in which the same author inclined to the 
theory that it was floated from the nearest glacier and 
deposited by ice -foot and ice- bergs. Mr. Shore recorded 
Neolithic flakes and a hammer-stone found in peat 
below the tidal alluvium at the Southampton new dock 
excavation ; and Mr. Lampiugh's report on the old sub- 
glacial sea-beach at Bridlington gave proof of some 
remarkable changes in the physical geography of the 
Yorkshire coast since the time of its formation. 

Amongst the palaeontological work was Prof. Rupert 
Jones’s “ Report on the Palaeozoic Phyllopods ” ; and Prof. 
Williamson's on the Carboniferous flora, in which the 
author showed that the central vascular bundle of the 
Carboniferous Cryptogams contained a germ which deve- 
loped into a persistent pith, while portions of the medul- 
lary tissue assumed the functions of a cambium. Dr. 
Irving described experiments to show that the vigour of 
plant life is increased until the percentage of COj in the 
atmosphere equals the oxygen ; and Mr. Whidborne 
briefly described many new species of Cephalopoda, 
Gasteropoda, Crustacea, and Conchifera from the De- 
vonian of various localities. An important communication 
was made by Mr. H. F. Osborn, who traced back the 
Mammalian teeth to the tritubercular and thence to the 
triconodont type, and proposed a new nomenclature 
based on this principle. Prof. Gaudry commented on 
the gigantic size of some Tertiary Mammalia, Prof. 
Seeley on an Ichthyosaurus from Africa, and Prof. Marsh 
on the classification of the Dinosaurs. Mr. Smith Wood- 
ward and Prof. Bassani dealt with fish-remains from 
the Chalk, London Clay, and Lower Miocene. 

Among the petrological papers we may note : — Dr. 
Sterry Hunt on mineralogical evolution, in which the 
author attempted to correlate chemical resistance with 
hardness, and this with condensation, in minerals ; and to 
show that the greater stability of those (silicates) which 
belong to the more condensed types was shown in their 
superior resistance to decay. Dr. Sterry Hunt concludes 
that the great successive groups of stratiform crystalline 
rocks mark necessary stages in the mineralogical evolu- 
tion of the planet. Mr. Joly decolorized beryl at 357^' C., 
and has discovered twelve-sided basal prisms of iolite in 
the Dublin granite. Prof. Seeley raised a discussion on 
Oolitic structure, in which Dr. Gilbert instanced the 
formation of recent Oolites in the Great Salt Lake. Prof. 
Blake presented a long report on the Anglesey rocks, in 
which he described the passage of dolerites into horn- 
blende and glaucophanc schists, and then into slate-Uke 
rocks ; and of gabbros into talcose schists. Mr. Watts 
described an igneous succession in Shropshire from old 
acid andesites through younger dolerites into picrites, 
without any break in the sequence ; and Dr. Persifor 
Frazer exhibited and described some curious specimens 
of glassy and spherulitic oligoclaseand quartz with peculiar 
optical properties. 'I'hough not precisely belonging to 
this Section, some clay models exhibited and described 
by Dr. Ricketts may here be mentioned, in which, by 
vertical pressure in the centre, reversed folds and inverted 
faulting had been produced. The author attempted to 
apply this method to explain the folding and cleavage of 
the Silurian slates in Wales. 


NOTES, 

Some time ago Lord Crawford offered to prcfient to Scotland 
his valuable collection of astronomical instruments at Dun £cht, 
on condition that suitable accommodation should be provided 




598 


NATURE 


[Oct 1 8 , 1 888 


for it, and that it should be managed for the public benefit. The 
Secretary for Scotland, we are glad to learn, has accepted Lord 
Crawford’s offer ; and the Treasury has agreed to provide means 
for the erection of the necessary buildings. A committee of 
scientific men is engaged in examining different sites around 
Edinburgh which see^ suitable for the erection of a national 
Observatory ; and, according to the Edinburgh Correspondent of 
the Tinm^ the choice seems to lie between the Era id Hills and 
the Blackford Hill, both of which are on the south side of the 
city. The same writer says that two proposals have been made 
for utilizing the old Observatory on the Calton Hill — the 
one that, after the instruments have been repaired, the place 
should be uaed as a popular Observatory ; the other, that it 
should be attached to the Her iot- Watt Technical College for- 
eioss^work in connection with the lectureship on astrononny 
there. 

The Mercers' Company, one of the oldest and wealthiest of 
the City Companies, is thinking of establishing an Agricultural 
College. A correspondent of the Tinus says it proposes to 
devote ;^6o,ooo to this object. According to the same autho- 
rity, the intention is that the College shall be in Wiltshire, and 
(hat there shall be attached a farm of considerable extent, in 
whiali the pupils may practically apply the knowledge they 
gain4 the institalion being intended to benefit the sons of 
fanners and others who will be dependent on the successful 
culture of land for their future livelihood. The sum of ;f6o,cxx> 
contributed by the Company would, it is hoped, be supple- 
mented a liberal donation from the Charity Commissioners, 
and the Company would of necessity be prepared to provide an 
adequate endowment. 

Thb new laboratories at Tiinity College, Dublin, which are 
now open to all students of chemistry, comprise general labora* 
tories for instruction in elemeniary chemistry, and quantitative 
and research laboratories. The latter arc provided with all 
modem appliances, and have special rooms attached for analysis 
of gas and water, for assaying, and for ultimate organic analysis. 
The laboratories are under the general direction of Prof. Emerson 
Keynolds, F.R.S. 

A STATUE of Amptre was unveiled on Ocioljer 9, at Lyons, 
his native place. The ceremony took place before the President 
of the French Republic ; and M, Cornu, a member of the French 
Academy of Sciences, delivered an elaborate address, in which he 
spoke of the importance of Ampere’s discoveries. 

The Council of the Institution of Civil Engineers has issued 
a list of subjects upon which, among others, original com- 
munications are invited for reading and discussion at the 
ordinary meetings, and for priming in the minutes of proceedings 
of the Institution, For sq)proved papen the Council has the 
power to award premiums, arising out of special funds bequeathed 
for the purpose^ 

Thje Society of German Engineers offers a prize of 5000 marks 
(Z'ajo) fw tbe best essay containing a critical estimate of ex- 
perimental investigations concerning the passage of heat through 
heated surfaces, in iw relation to material, form, and position of 
the latter, as well as to the kind, temperature, and motion of the I 
heated substances. Competitors arc to forward their treatises to i 
the General Secretary of the Society by December 31, 1890. i 

The Tokio Mathematical and Physical Society proposes, in 
order to commemorate the tenth anniversary of its foundation, 
to award a prize not exceeding 20 }fen {£^) in value for the 
best original paper on the properties of the so-called asymptotic 
curves, and the relations (if any) existing between these curves 
and straight lines on a surface— in particular, an algebraic 
surface. 


Several influential Chinese have subBcribcd large sums of 
money to aid in establishing a zoological garden at Shanglmh 
At present the iruUitution will be merely a commercial under- 
taking, but it is hoped that ultimately the State wiU take it over. 
Amongst others, the Governor of Formosh has promised his 
help in the collection of specimens. 

In the last issue of the Journal of the 'Russian Chemical 
and Physical Society there is an interesting article on Prof. 
S, A. Wroblewski, w'hose death at Cracow we lately re- 
corded. While a student of the Kieff University, Wroblewski 
took part in the Polish insurrection of 1863, and was exiled 
to Siberia, where he had to remain for six years. During bis 
term of exile he elaborated a new cosmical theory, which on 
his return he hastened to submit to German men of science. 
Helmholtz received the young man cordially, but advised him to 
make at the Berlin laboratory certain experiments which would 
convince him of the erroneousness of his ideas. Wroblewski at 
once began earnest phyi>icnl and chemical work, and never 
afterwards s[>oke of the theory of his youth. In 1874 he went 
to Strasburg, and there he published his first serious work, 
** Ueber die Diffusion dcr Gase durch absorbirende Substonzen.” 
The nattering opinion expressed about this work by Maxwell in 
Nature encouraged Wroblewi^ki to continue physical work on 
the same lines. He was offered the Chair of Physics at the 
Cracow University, and the authorities of that institotion gave 
him permission to spend a year at Paris in the laboratory of 
Sainte-Claire Deville, before beginning his University teaching. 
Tliere Wroblewski discovered, in the course of his work on the 
saturation of water with carbonic anhydride under strong 
pressures, the hydrate of carbonic oxide, and that discovery 
became the starting-point of a series of works on the condensa- 
tion of gases. Ilis capital discoveries, made in association with 
M, Olszanski, which resulted in the condensation of oxygen, 
azote, and hydrogen, are well known. He was making pre- 
parations for nn elaborate volume on the oondenaation of 
hydrogen, when he perished by accident. While working late 
in the night in his laboratory, he fell asleep, and in his sleep he 
overthrew a kerosene lamp. His clothes began to burn, and the 
wounds thus received resulted four days later in death. The 
Journal gives a complete list of ‘WroblewskPs works. 

An interesting archaeological discovery has been made in the 
tidal river Hamhlc, near fiotley, Hants, A boathouse is being 
built at the point of the junction of the Curdridge Creek on the 
river, some distance above the spot where there is a still existing 
wreck of a Danish man-of-war. While the mud and alluvial soil 
were being renoved to make sufficient waterway, something 
hard was encountered, which on being carefully uncovered 
proved to be a portion of a prehistoric canoe. - It is about 
12 feet long by feet wide, beautifully carved, and in a fairly 
good state of preservation. 

The other day a peasant at Veslervang, in West Jutland, 
found a splendid piece of amber in a marl pit, weighing li 
pound. 

M. Hallez has published, in the first number of the 
Bio^oghjue du Nord de la />'a«w,an interesting paper on the natural 
scavengeni of various l>eacheBof Northern France. At Boulogne, 
the species Nassa^ which is very abundant, performs the useful 
office of destroying all dead animal relics. At Portel, Nassa U 
scarce, but Euryduc pulchra is very abundant, and takes the 
business in hand. At Cape Alprech, there are neither Rmydkc 
nor Nassa^ but Ligta occanita fulfils their duties. At Equihen, 
ihe>e duties are undertaken by numerous It is worth 

n^rting that these four points are qdite close to each other. 

The chemistry of the modern advantageous method of mami- 
facturiiig chloroform from acetone ai^d Weachiiig-powdet hw 
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formed the Subject of the successful researches of Messrs. 
'OmdoffT and Jesscl. The first sta^fe of the reaction i« found to 
consist in tire formation of methyl chloral, CHj, . CO . CClj, 
which is aiibsequenlly acted upon by the hydrate of calcium 
formed at the same time, with prodticHon of chloroform and 
caicifum acetate. The changes are expressed hy following 
equations : — 

2CH3 . CO . CH» + fiCaOCla -- iCHa . CO . CCl, 

+ 3Ca(OH)3 + 3CaCIg; 

aCHj . CO . CCJj, + Ca(OM)a = 2CHCla + Ca(CaH30.,V 
Calculated from these equations, the yield of chlovofurm should 
he 206 per cent, of the weight of acetone employed. As a 
matter of fact, the process has now reached such a state of 
perfection that as much os iSS per cent, is actually obtained in 
the best manufactories. 


Another rich yield of new organic compounds has been ob- 
tained by M. Paul Adam by an application of the famous 
aluminium chloride reaction to the hydrocarbon diphenyl, 
C^Hfi. CflHd. The number of new substances which have been 
synthesized by use of this reaction since its introduction by 
Messrs. Friedcl and Crafts must now be enormous, and its value 
in assisting the completion of the fabric of descriptive organic 
chemistry cannot be over-estimated. The method of treatment 
consists in mixing the substance to be acted upon, in this case 
diphenyl, with aluminium chloride in a flask connected with an 
inverted condenser, to the end of which is attached a bent tube 
arranged so as to dip beneath the surface of mercury. If 
neceseary, just sufficient heat is applied in order to keep the 
mixture in the liquid state ; when this is eSected the haloid com- 
pound of the radical to be introduced is allowed to slowly enter 
from a dropping funnel. Hydrodiloric or hydrobromic acid is 
at once disengaged, the gas coming off steadily and readily in 
dicating Che progress of the reaction, which results in the sub- 
stitution of the radical for hydrogen of the original substance. 
On completion of the reaction it is only necessary to place the 
mass in water, so as to decompose the aluminium chloride, when 
the black liquid becomes decolorized and the new substance 
separates as a colourless liquid or crystalline solid. When methyl 
chloride, CHgCI, is allowed to act in this way upon diphenyl in 
presence of aluminium chloride, M. Adam finds that the chief 
product is metbyl-diphenyl, C^H* . CgH4 , CHg, in which the 
methyl group occupies the meia position. This new body is a 
highly refractive colourless liquid, boiling about 27i‘'-277"’ C., 
and remaining liquid as low as —21". It is isomeric with Ur. 
Carnclley’a para- compound, the only one hitherto known. The 
ethyl and methyl ethers were readily obtained by the usual 
methods and from the latter yellow syrupy substance, 
CflHs'— CrtH4 — CHb — OCH g, was obtained by the action of 
gaseous hydriodic acid, a highly interesting body, CcHg — 
— CH, — OH, the alcohol of the series, phenyl-benzyl 
alcohol, a very viscid liquid which eventually crystallized. The 
mono-methyl derivative, however, was not the only producrof 
the primitive reaction, for M. Adam also succeeded in iso- 
lating a dimethyl phenyl, Cj5Hb(CH 5)3, boiling at 284° -290®. 
Moreover, a similar series of derivatives were next obtained 
containing ethyl instead of methyl ; and finally the synthesis of 


C«H4s 

the hydrocarbon fiuorene, | yCH,. discovered by Ikrthelot 

in coal-tar, was effected by acting in a similar manner with 
methylene dichioride, CHjCl,, upon diphenyl in presence of the 
accommodating aluminium chloride. 


An intetesting discussion on **Bird PesU of the Farm" is 
printed in the current number of the AU the writer^ 

who take part in the discussion agree that the habits of rooks 
have for some time been undergoing a remarkable change. 
Formerly, rooks lived chiefly on grubs and worms. Their supply of 
this kind of food has been greatly diminished by better farming, 


draining, and other improvements ; and at the same time the 
birds have largely increased in numbers. Consequently they 
have been obliged to look for new sources of food -supply. They 
do very serious injury to cultivated crops, and devour enormous 
quantities of the eggs f>f game-birds. Mr. M. M. Scott says 
that during nesting-time, in districts where there are large 
rookeries, the heather on the moors and the fences in the fields 
are searched by rooks, yar^l by yard, for these eggs. Mr. Gilbert 
Millar, head -keeper to Mr. CresweJJ, of Harcho|je Hall, Aln- 
wick, testifies that twenty-five or thirty years ago rooks were 
rarely known to take eggs ; “ but," he adds, “they have turned 
gradually worse every year since then, and now they have become 
a perfect jrest and take all the early nests. Not one out of every 
twenty early nests that I have known of, these last few years, has 
escaped them." Pheasants’ nests are sometimes built in rookeries, 
but, oddly enough, they are safer there tlian outside, as rooks 
never seem to look for tliem under their own nests. 

At the general meeting of the Council of the French 
Meteorological Office, Admiral Clouc, Vice-l'residenl, stated 
that the service of weather forecasts during the past year had 
reached 90 per cent, of succes'^es, a figure never before surpassed. 
The number of climatological stations from which reports are 
regularly received is 143. Among the foreign stations we 
observe that two arc being established in Madagascar. A*? an 
encouragement to observers on board ship, sixteen gold medals 
were presented during the year, for the best log- books received. 
Telegrams from America are regularly received, and include 
reports of storms, &c., met by ships in the Atlantic. M. Mascart 
stated that the work of the Departmental Commissions continued 
to improve each year, and that now there were only six depart- 
ments which had not special Commissions. M. Vaussenat gave 
an interesting account of the observation of thunderstorms and 
of the photography of clouds and lightning on the ?ic-du-Midi, 
and M. Janasen urged the importance of cloud photography at 
regular intervals, and of a systematic study of cloud formations 
and modifications. 

The Meteorological Report of the Straits Settlemeats for the 
year 18S7 contalofi, in addition to the usual monthly and annua) 
summaries at the four principal Observatories : (1) a tabular 
statement of the mean annual and monthly ruiafall at Singapore 
from 1869 to 1887 ; and <2) charts showing the mean oaoual 
range of various elements at Singapore from 1870 to 1887. The 
year 1887 has presented little that is striking or anomalous. 
The rainfall of the colony, which is represented by thirty-nine 
stations, has been more than in the previous year. 

The Royal Society of Tasmania has issued its Papers and 
Proceedings for 1887. Among the papers we may note the 
following : description of new rare Tasmanian IJepalica\ by 
R. Carrington and W. H. Pearson ; ou the acclimatization of 
the salmon {Sahio ialar) in Tasmanian waters, by W. Saville- 
Kcnt ; a first list of the birds of Maria Island, by Colonel W. 
V. Legge ; observations with respect to the nature and classi- 
fication of the rocks of the Tertiary period, more particularly 
relating to Tasmania, by R. M. Johnson. 

Messrs. Macmillan and Co. have just published the third 
edition of Lock’s “Arithmetic for Schools." Simultaneously 
with this edition, a key to the work, by the Rev, R. G. Watson, 
has been issued. Mr. L^ck explains that the solutions have 
been very carefully worked under his superintendence. 

The “[Hand-book of Jamaica" for 1S88-89, by A. C. Sinclair 
and L. R. Fyfc, has been issued. It is conapiletl from official 
and other trustworthy sources, and includen ample historical, 
statistical, and general information concerning the island. 

A GUIDE to the Caucasus, by E. Weidenbaum, has been 
published at Tjflis by order of the Governor-General. It 
contains much archieological information. 
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We have received the tenth volume of the third series of the 
Memoirs^ and the first volume of the fourth series of the 
Memoirs and Proceedings, of the Manchester Literary and 
Philosophical Society. 

The University College of Liverpool, and the University 
College of Wales, Aberystwith, have each issued a calendar 
ibr the session 1888^89. 

Messrs. Longmans and Co. have in the press the follow- 
ing works : — “ A Hand-book of Cryptogamic Botany/* byA. W. 
Bennett and George R, Milne Murray; *‘A Text-book of 
Elementary Biology/’ by K. J. Harvey Gibson; “Force and 
Energy: a Theory of Dynamics/’ by Grant Allen ; and Part i 
of “Graphics ; or, the Art of Calculation by Drawing Lines, 
applied to Mathematics, Theoretical Mechanics and Engineering, 
including the Kinetics and Dynamics of Machinery, and the 
Statics of Machines, Bridges, Roofs, .and other Engineering 
Structures,” by Prof. Robert H. Smith. 

Messrs, Chapman and Hall will shortly publish “Thirty 
Thousand Years of the Earth’s Past History,” by Major-General 
A. W. Drayson ; and “ Marine Engines and Boilers,” by Mr. 
Geoige C. V. Holmes. 

Among the works announced by Messrs, Sampson Low and 
Co. are the following ; — Metallic Alloys ; a Practical Guide for 
the Manufacture of all hinds of Alloys, Amalgams, and Solders 
used by Metal-workers, especially by Bell-founders, Bronze- 
workers, Tinsmiths, Gold and Silver Workers, Dentists, &c., 
&c., as well as their Chemical and Physical Properties,” edited 
chiefly from the German of A. Krapp and Andreas Wildbcrger, 
with many additions by William T. Brannt ; “ The American 
Steam Engineer : Theoretical- and Practical, with Examples of 
the latest and mo.st approved American Practice in the Design 
and Construction of Steam-Engines and Boilers,” for the use of 
engineers, machinists, boiler-makers, and engineering students, 
fully illustrated by E. Edwards, C.K. ; *‘ Science and Geology 
in Relation to the Universal Deluge,” by W. B. Galloway, 
M.A., Vicar of St. Mark’s, Regent’s Park; “Technology of 
Textile Design : being a Practical Treatise on the Construction 
and Application of Weaves for all Textile Fabrics, with minute 
Reference to the latest Inventions for Weaving,” containing also 
an appendix showing the analysis and giving the calculations 
necessary for the manufacture of the various textile fabrics, 
by E. A. Possell, Head Master, Textile Department, Pennsyl- 
vania Museum and School of Industrial Art, Philadelphia, Pa. 

Dr. Birkbkck Hill, the editor of Boswell’s “Johnson,” 
has nearly ready for publication through tlie Clarendon Press a 
collection of letters from David Hume to William Strahan, 
hitherto unpublished. In the preface he recounts the circum- 
stances under which Lord Rosebery purchased the originals 
when the authorities of the Bodleian and of the British Museum 
had declined them. A “ Life of Hume ” has been prefixed, and 
the letters have been fully annotated. 

We have received a copy of a pamphlet entitled “I'he 
Technical Education of lingineers,” a course of technical study 
recommended by the Manchester Association of Engineers to 
youths engaged in engineering workshops and other mechanical 
trades. There are practical hints as to the course to be pursued 
in each subject, and the names of books recommended by the 
Association are given. The little work, which only costs two- 
pence, should be in the hands of all those for whose aid it was 
compiled. 

The Botanical Exchange Club of the British Dies ha.s issued 
its Repon for 1887. Mr. Arthur Bennett indicates the new 
county records in the plants contributed. 

Mr. Saville-Kent, at present engaged in officially in- 
vestigating and reporting upon the fish and fisheries of various 


of the Australian colonies, has accepted an invitation from 
Captain the Hon. F. C. Vereker and other officers of 
Myrmidon^ to join that ship at Port Darwin and to take part in 
the marine natural history exploration of the northern and north- 
western Australian coast in association with the survey work 
now being conducted. Mr. Saville-Kent proceeds vid Brisbane 
and Thursday Island, taking with him trawls, dredges, and other 
apparatus suited for the projected work. 

The Committee of the Sunday Lecture Society have decided 
that during the winter a course of twenty -one lectures shall be 
given in St. George’s Hall, l.ondon, on Sunday afternoons, at 
4 p.m., as in former years, beginning on October 31 . 

The next ordinary general meeting of the Institution of 
Mechanical Engineers will be held on Wednesday, October 34, 
and Thursday, October 25, at 25 Great George Street, West- 
minster. The chair will be taken at 7.30 p.m., on each evening, 
by Charles Cochrane, Esq., Vice-President, in the absence of 
the President, Edw.ard H. Carbutt, Esq., who is travelling in 
America. The discu.ssions will be resumed on the following 
papers read at the last two meetings in May and August ; 
description of Emery’s^ testing machine, by Mr. Henry R. 
Townc, of Stamford, Conncciicut, U.S.A. ; description of 
I the compound steam turbine and turbo-electric generator, by 
j the Hon. Charles A. Parsons, of Gateshead. The following 
papers will be read and discussed, as far as time permits : de- 
scription of the Rathmines and Rathgar township water- works 
by Mr, Arthur W. N, Tyrrell, of London ; supplementary 
paper on the use of petroleum refuse as fuel in locomotive 
engines, by Mr. Thomas Urquhart, Locomotive Superintendent, 
Grazi and Tsaritsin Railway, South-East Russia. 

The additions to the lioological Society’s Gardens during the 
past week include a Rhesus Monkey {Afacacus rhesus ^ ) from 
India, presented by Miss Kate Marion Pope; a Brush-tailed 
Kangaroo penicillata i ), a Laughing Kingfisher 

{D(uelo gi^anUa) from New South Wales, presented by Captain 
Philp , a Gazelle {Gazelia dorcas 9) from North Africa, pre- 
sented by Mrs. Eugenio Arbib ; a Brazilian Hangnest {/cterus 
jamaicai) from Brazil, presented by Mr. T. R. Tufnell ; five 

Francolines [Francoiinus 2 d 3 9 ) from South Africa, 

presented by Captain Larmer ; a Laughing Kingfisher ( Daeelo 
^Hf^antea) from Au<.tralia, presented by Mr. H. Butler; two 
S\ovi^KOxm 9 {Aftguis/yagiiis), British, presented by Mr. Cecil 
L. Nicholson ; two Alpacas {Lama pacos) {tom Peru, two Upland 
Geese {Bernida magdlanka ^9) from the Falkland Islands, 
three Crested Pelicans {Pdecanus crispus)^ South European, de* 
posited ; four Esquimaux Dogs {Cams familiaris^ var.), a 
Bennett’s Wallaby {Ualmaturus bennetti 9 ), a Vulpine Phalonger 
{Phalanf^sta vulpiua\ born in the Gardens. 


OUR ASTRONOMICAL COLUMN 
The Solar Parat.lax from Photographs of the Last 
1 RANSIT OF Venus.— A preliminary value of the solar parallax, 
as obtained from the measurement of the photographs of the sun 
taken Rt the different American stations during the transit of 
Venus, of Deceml>er 1882, has been recently published. This 
value IS based upon the measured distances of the centres of the 
photographs, taken at ten stations, 
SIX jn the two in South America, and the remain- 

ing two at Wellington, South Africa, and Auckland, New 
Acaland. It compares as follows with the values deduced from 
hrench photographs respectively of the transit 


American i88a 
American 1874 
French 1874 


T = 8 847 i 0*012 
v = 8*883 0 034 

TT 8*te 


Pf^baWy a close approximation 
to that which will be afforded by the complete discussion ot all 
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the photographs* cannot be regarded as final, since, amongst 
other reasons, the reduction of the position-angleR of Venus is 
yet unfinished. 

Thb Markings on Mars. — Observations of Mars more 
recently published tend to throw doubt upon the ** inundation 
of Libya, which M, Perrotin reported some four or five months 
ago. Not only were Prof. Schiaparelli and Dr. Terby unable 
to confirm his statement, but M. Niesten at Brussels, and Prof. 
Holden at the Lick Observatory, failed to remark this change. 
The observations of Prof. Holden and his assistants did not 
begin until July l6, and were continued until August lo. The 
planet was therefore very unfavourably situated when they 
were made, since the diameter of the planet was .always less 
than 9", and its zenith distance about 6o^'. Several of the 
more important canals were seen, but they were not seen 
double, but appeared rather ** as broad bands covering 
the spaces on M. Schiaparelli's map which are occupied by 
pairs of canals, and by the space separating the members of 
each pair.” M. Nicsten also seems to have failed to see the 
getninatioD of the canals, but, in common with other observers, 
was much struck by the whiteness and brilliancy of some portions 
of the planet, particularly of Elysium or Fontana ].and^ as it is 
called by Mr. Green. The brightness of Fontana Land has 
been commented on both by M. Perrotin and Prof. Schiaparelli, 
and the former observer has recently delineated an intricate 
network of canals between that district and the north pole, and 
another yet more complicated on the MadUr Continmt. Prof. 
SchiaparelU has had to chronicle still stranger changes in this 
last-named district, which he observed on May 20 under spe- 
cially favourable circumstances, having been able to distinguish 
the two banks of some of the canals, the one from the other, 
and to detect very small undulations in them. He speaks also 
of the ordinary markings, of gulfs, canals, &c. , as disappearing 
at a given moment, focjheit places to be taken by grotesque 
polygons and geminations which evidently approximately 
represent the earlier state ; but it is a gross, and, I shbuld 
say,' an almost ridiculous mask." 


ASTRONOMICAL PHENOMENA FOR THE 
WEEK 1888 OCTOBER 21-27- 

/ppOR the reckoning of time the civil day, commencing at 
^ ^ Greenwich mean midnight, oounciog the hours on to 24, 
is here employed. ) 

At GrtenwUh on October 31 


Sun rites €h. 37m. ; souths, iih. 4410. 35*as. ; seu. t6h. 52m. : 
right ate. on meridian, ijh, 46 ‘om. ; deck *0" 57' S. 
Sidereal Time at Sunset, i8h. 54m. 

Moon (Full on October 19, 2 ih.) rises. 17b. 43m-*; toutlw, 
oh. 4QS11. ; uts, 7h. sum. : right asc. on meridian, 
sh. 39*3m. ; decl. lo” 28' N. 

Right uc. and dscUnaiion 

Plaast. Rtsei. Souths. S«ts. 00 mehdmn. 

h. m. h. m. h. m. h. m. , , 

Mercury.. 8 41 ... 12 $6 ... 17 it 14 577 ... 19 59 S. 

Venus «..-9.i3 13.30 ... 17 47 ... 15 31-9 ... 19 38 S. 

Mars ... 12 II ... 15 52 ... 19 33 ... 17 541 ... 35 2 S. 

Jupiter ... 10 10 ... 14 19. ... IB 38 ... 16 20'4 ... 20 58 S. 

Saturn ... 23 58*.,. 7 26 ... 14 54 ... 9 26*3 ... 18 58 N, 

Uranus...- 5*37 ... n 7 ... 16 37 ... 13 8-5 ... 6 37 S. 

Neptune., iS 14’*... 20... 9 46 ... 4 o'l ... 18 50 N. 

* liidicutM that the rising if» that of the preceding evening. 


OccuttatioMS of Stars by the Moon (visible at Greenwich). 


Oct. 

Star. 

Mag. 

Ditap. 

Reap. 




h, m. 

h. m. 

23 

, Tauri ... . 

.. 6 ... 

a 53 ■■ 

• 3 59 

24 ... 

- x' Orionis 

.. 4i ... 

.21 2 

.. 21 56 

27 ... 

, B.A.C. 2854 - 

.. 6 ... 

21 59 .. 

. 22 51 


Meie^Shtmoers^ 
R.A. Decl. 


Correspond in < 
angles from ver- 
tex to right for 
inverted image. 

... 156 274 
... 39 #64 
... 46 239 


Near v Orionis 
From Cants Minor 
o Cancer 


... 90 ... 15 N. 

... 105 ... 12 N. 

... 133 ... 21 K. 


... The Ot2>»rV/V. 
... Swift ; streakf. 
... Very swift. 


VariahU 

Star. R.A. Deri. 

h. m. « b. IB. 


U Cephei 

0 

S2‘4 

8t 

[6 

N. . 

Oct. 

2t, 

2 

SI 

m 

Algol 
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2 

30 

m 

3 

0-9 

40 
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a 

SI 
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ft 

27. 

23 

40 

m 

S Aurigse 

5 

197 

34 

3 

N. . 

» f 

24. 



M 

R Canis Majoris„. 

7 

U-5 

16 

12 

S. . 


23 p 

1 

59 

m 

S Hydros 

8 

477 

3 

30 

N. . 

t p 

23. 



M 

U Ophiuchi 

17 

10*9 

1 

20 

N. . 

pp 

21, 

20 

32 

m 







p p 

26, 

21 

19 

m 

R Scuti 

18 


5 

SO 

S. . 

pp 

25. 



m 

n Aquilse 

19 

46*8 

0 

43 

N. . 

pt 

24. 

9 

0 

m 

b Sagittse 

19 

509 

16 

20 

N. . 

t p 

25. 

1 

0 

m 







,p 

26. 

I 

0 

M 

S Del ph ini 

20 

37*9 

16 

41 

N, 


26, 



M 

T Vufpeculae 

20 

467 

37 

50 

N. .. 

1 p 

23. 

0 

0 

m 

Y Cygni 

20 

47*6 

34 

*4 

N. ., 


23. 

3 

0 

m 







rt 

26, 

3 

0 

m 

R Vulpeculte 

20 

59’4 

23 

23 

N. „ 


23. 



m 

T Cephei 

21 

8'i 

68 

2 

N. 

1 p 

23. 



m 

8 Cephei ... ... 

22 

25*0 

57 

51 

N. .. 

* f 

23. 

23 

0 

M 


M nignifiea nuximum ; m minimuiiL. 


GEOGRAPHICAL NOTES. 

To the October number of Petermann's MituHuny^en^ Dr. J, 
Hann contributes an important paper, containing a vhumS of 
dat.a on the temperature and rainfall of the Japanese islands, 
and Dr. F. Boas a paper of a similar character on the ice 
conditions of the soiilh-wesi of Baffin’s Bay, 

CaI’TAIN Wiggin.s hns failed to accomplish the voyage to 
the Venissei along the n ^rlh coast of Europe anti Asia — mainly, 
it would seem, on account of the delay caused by lus having to 
wait for another vessel from Europe. Dr. Torcll, the well- 
known Swedish Arctic explorer, who is well acquainted with 
these seas, maintains that there should be no difficulty in 
establishing a regular communication between Europe and 
Siberia along the north east passage, though he admits that it 
would be liable to interruption about once in five years. But in 
order to insure success he slates that vessels should be built 
specially for the work, and that they should go out early in 
summer and take up their post on the west side of Matotshkin 
Scharr, in Novaya Zemlya, to he ready to enter the Kara Sea os 
Boon as ever it begins lo clear of ice. A railway across Siberia, 
however, should serve to render any such hazardous trade-route 
unnecessary, and such a railway is sure to be constructed soon. 

A CENSUS of the illiterates in the various countries of the 
world recently published in the Statistischc Monatschriff jilaces 
the three Sclavic States of Koumanm, Servia, and Russia, at the 
head of the list, with about 80 per cent, of the population 
unable to read and write. Of the Latin-sneaking races, Spain 
heads the list with 63 per cent., followed oy Italy with 48 per 
cent., France and Belgium having about 15 per cent. The 
illiferates in Hungary number 43 per cent., in Aiislrin 39, and in 
Ireland 21. In Lngland we hnd 13 per cent., Holland 10 per 
cent., United States (while iiopulaiion) 8 per cent,, and Scotland 
7 per cent, unable to read and wiiie. V?hen we come to the 
purely Teutonic Slates, we find a marked reduction in the 
percentage of illiterates. The highest is in Switzerland, 2*5 ; 
m the whole German Empire it is 1 per cent. : in Sweden, 
■Denmark, Bavaria, Baden, and Wurtemberg, there is practically 
no one who cannot read and write. 

In the October number of Ihc Proceedings of the Royal 
Geographical Society, the Shah of Persia appears as a geo- 
grapher. In a paper, vannotated by General Houtum -Schindler, 
His Majesty describes simply, but clearly, the results of his own 
olwervations on a new lake, between Korn and Teheran, or 
rather the reapixsarancc of an old lake, which is said to have 
dried up in 1357. Whatever may be the history of the lake, 
there seems little doubt that at one time a large part of Central 
Persia was covered with water. Mr. H. H. Johnston con- 
tributes a short study, from his own observations, of what he 
calls the Bantu Borderland in West Africa, which is accompanied 
by a map showing the Ixmndaries of the Bantu and Semi-Bantu 
races, and also the courses of migration of the two. Another 
important paper,' accompanied by a map, is a translation, by 
Miss Hay, of Tashkent, of a description of the destructive earth- 
quakes of May and June 1887, in the Vernoe district of Russian 
Turkestan. Captain Wharton's paper on Christmas Island is 
given at length. 
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NOTES ON METEORITES} 

V. 

shflU see next Ihnt another line of thought and in- 
quiry was required to completely establish the cosmical 
hypothesis by giving us data as to the velotitia of the meteorites. 

This was that the sporadic meteors, those which made their 
appearance by chance, so to speak, were always more numercus 
in the morning fhan in the evening hours, and further that the 
numbers seen in the northern hemisphere in one half year was 
greater than that seen in the other. 'I'heae facts, although at fir^t 
they seemed to connect these phenomena with our terrestrial hours, 
and therefore were at first considered to militate against the cosini- 
cal hypothesis, were subsequently shown, by Bompas, A. S. Her- 
schel, H. A. Newton, and SchinparoIU, to be a distinct proof that 
the bodies were moving in space with a velocity not incomparable 
with, but at the same time somewhat greater than, that of the 
earth itself ; that therefore they were moving with planetary 
velocities, and therefore were truly members of the solar system. 

The work of M, Coulvier-Gravier*** was the first to indicate 
the extreme regularity with which the numbers increased from 
sunset to sunrise, as will be seen in the accomi>anying table : ^ 


Tinn* of 

Number wen 

Time of 

Number seen 

Observation. 

per hour 

Observation. 

per hour. 

5 p.m.-- 6 p.m. 

... 7-2 

12 -I a.m. 

... 107 

6 p.m.- 7 p.m. 

... 6*5 

I a.m. -2 a.m. 

.. lyi 

7 p.m.- 8 p.m. 

... 7 0 

2 a.m. -3 a.m. 

... 16*8 

B p.m.- 9 p.m. 

... 6*3 

3 a. 10.-4 st-ni. 

.. 156 

9 p.m. -10 p m. 

... 7*9 

4 a.m.-5 a.m. 

... 13-8 

10 p.m.- 1 1 p.m. 

... 8‘o 

5 a.m. -6 a.m. 

■■■ 137 

11 p.m. -12 

... 9*5 

6 a.m.-7 a.m. 

... 130 


It was the dependence of these jthenomena upon certain ter- 
restrial hours which made that eminent observer decline to 
consider their origin as in any way cosmical. 

Mr. Bompas,® commenting on the numbers obtained by 
Cowlvier-Gravier, wrote — ■ 

“The part of the heavens towards which the earth is movin-j 
at any time is always six hours from the snn. At 6 a.m. the 
observer s meridian is in the direction of the earth’s motion ; and 
at 6 p.m, in the opposite, 

“ Thus the greatest number of meteors are encountered when 
the observer’s meridian is in the direction of the earth’s motion, 
and the number diminishes from thence to 6 p.m., when he 
looks the opposite way/' 

The accompanying wood-cut will make this clear. The front 
half of the earth ploughing its way through space is unshaded ; an 
observer is being carried along the line of the earth’s motion at 
sunrise, the earth is behind him, so to sp^ak, and the poini 
towards which the earth is travelling lies 90° in longitude behind 
tlie sun. 

Combining these facts, Bompas explained the results on the prin- 
ciple that it the meteors be distributed equally in space they 
would converge to the earth, if irt rest, equally on all aides. But 
if the earth be in motion, and with a velocity one-half the 
average velocity of the meteors, they would converge to it more 
on the side towards which it is moving than th^ other ; and in 
the proportion of nearly two-thirds of the number, would have 
an apparent motion more or less opposed to that of the earth, 
and apparently diverging from the point towards which the earth 
is moving, with a gradual increase in number from 6 p.m. to 
6 a.m. 

Before we proceed to show the bearing of this matter, a word 
must be said with regard to the actual conditions under which 
these bodies reach us from space, and how the fall of these 
bodies upon the earth an<l their appearnnoe in the heavens even 
in the ewe of no fall have been investigated. 

To approach the proof of the cosmical hypothesis afforded 
by these observations, we may begin by supposing the earth at 
rest. If the movements of the cosmical particles are in all direc- 
tions, they will fall equally on all jiarts of the earth, and even 
the earth’s rofanou will make no difference. Hut if wc assume 
the earth’s movement in its orbit to be much more rapid than 
the movements of the meteorites, it is clear that its forward half 
will receive blows while the hinder half cannot. 

Suppose that all the regions of space swept through by the 
earth in its orbit round the sun were occupied here and there by 

^ Continued from p. 559. 

® “ RechorchrM sur l«s p. a 10 (Paris, 1859). 

® Monthly ^oUcet^ vol. xvii. p *48. 


meteorites, also like the earth moving in orbits round the sun, 
and let Us assume for the moment that they are pritty nelvrly 
equally distributed and arc moving in all directions. 

Under these circumstances the earth in movement in its orbit, 
at the rate of about looo miles a minute, would be sweeping 
through them all the year round, and we should get the appear- 
ance of a shooting- star or the fall of a meteorite every day in 
the year. Careful observations in climates most convenient for 
Ihe^e researches, where the sky is freest from cloud and is purest, 
show, as we have that there is not only no night but no 

hour without a falling star, We are therefore justified in con 
sidering that practically the part of the solar system which is 
swept through by the earth is not a vacuum, not empty space, 
but space peopled with meteorites here and there. 

If these mcteofitic Iwxhes are equally dwtriUuted and are ^ing 
in the same direction as the earth, but moving more qmckly, 
they would follow and catch the earth ; if they were travelling in 
the same direction as the earth, but more slowly, we should over- 
take them, and the two sides of the earth scpai ated by a plane at 
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I right angles to the tangent to the part of the orbit along which it is 
■ moving at the lime (see Fig. 10) would experience a different Cfrm- 
dition. One side would be bombarded by the greater number of 
' meteorites in the former case, while in the latter the forward 
j half only would be affected. 'l"he aasnmption, however, is that 
' they are travelling in all directions ; hence the numt>ers which 
I fall on the front hemisphere compared with those that fall on the 
] opposite one— -in other words, the numbers seen at sunrise tls 
; compared with those seen at sunset — ^must depend wholly on the 
velocity of the earth as compared with the mean velocity of the 
I meteorites. 

j The point of space towards which the earth is travelling at 
: any moment, shown in Fig. 10, has been called “ the apex of 
‘ the earth’s way”; the point of space it U leaving the “anti- 
apex/** 

* These terms wore suafestad hy Prof. Pntchftrd. In ScWa- 

pareUi suggested yolnt tie ptirt. QuIm recently, Prof. Newton, of Val«t 
has suggested “goal " and “quit," 
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The apcnc of the earth's way is always 90^ of longitude behind 
the sun. 

Havinfft then, this general view of the movement of the earth 
in her orbit, we are in a position to discuss Mr, Uompos’s ai^u- 
mtnt, and we cannot do lx!tter than use the explanation given 
by<PM. Pritchard to the Royal Astronomical Society in 1864,^ 
which, really possesses an historical interest, 

** Our object is to show that this hypothetical uniformity of dis- 
tribution, CQmbinetl with the direction and amount of the earth's 
motion, will have a very sensible effect on the number of meteors 
actually visible at a given place, at a given hour of the night, as 
explained (in a somewhat different way) by Mr. Bom pas [and at 
a given season of the year, as extended by Mr. Herschel], 

“For the purpose of illustration, suppose h ok (Fig. ii) to 
represent a flat umbrella, of which is the stick ; suppose, 
also, rain to fall upon it equally, and in all directions ; then, if 
the umbrella be at rest, as much rain will fall upon its front, 
looking from as on its back, from n. 

now suppose the umbrella itself has a motion from O to 
Bin aipveo time, and, for the simplicity of first conoeption^ let 
o B ropresent also the uniform velocity of the rain ; very much 
more min will now foil on the front of H ok, and much less on 
the back h O tt, than before. In fact, if o be taken = o e, 



Fig. ti. 

aiu2 the angle m o r be made u o e, and the parallelogram 
MB'be completed, then a raindrop, of whiqh m\ real path is 
KZi w^ld, by the motion of H ok, just graite along the front 
surface of H o R in the direction M R o, when it anivea at E. 
Moreover, all the iwin which at the b^inning of the motion 
waa moving w4thiti the angle w o a, which would liave fallen on 
tka back of ho Rat rest, wiU now fall on the front of H o r, if 
in motioav 

“ The application of this hypothetical case to that of meteors is 
obviott*. M O K now represents the horiw>n, x the renit h of an 
observer, and ok the direction and nu^nitude of the earth's 
ortukal motiom The earth's diurnal motion of rotation is com- 
pasatively too small to be taken into account for our present 
purposes. So long, then, as n k, the direction of the earth’s 
ofrliatal motion, is m front of the horizon of an observer, there 
wdU thereby occur to him an »<IdttionnI flow (and partial com- 
btattion) of meter^rs against the earth's atmosphew aWe him ; 
and' this increased flow will become the gfrealer as the angle 
ROE becomes greater. Ifu E be below h o r. then the number 
of visible meteors will thereby be lUminUhed/’ 

Now, if we refer to Kig. 10 we shall «re llvat the observer does 
not reach the forward pari of the earth (with reference to the 
apex of the earth's uay) till midnight, and that the apex rises 
gfWdoaily till it is on his meridian at sunrise, 

- ' Mtrritfi/y -VrfTftW, 1864, vol. xdv, p. 138. 


Here, then, is the reason why the number increases from sun* 
set to sunrise, based upon the theory of their cosmical origin, 
and really explainable in no other way. 

Now for the yearly conditions as revealed by observatioa* 

Ur. Julius Schmidt, the Director of the Observatory at Athens, 
observed, between the north latitudes of 49^*5 and S 4 ** 2 t during 
eight years from 1843 to 1850, on an average 470 meteors in 
every year. These were distributed among the several months 
as follows, taking an average of the entire series : — 


Month. 

ShootinR- 

Ktarn. 

Jn'y 

Aueust 

September 

!’.! !!*. \tl ' 

41 1 

October ... 

November 

December 

37 

54 

3 * 1 

January ... 

17 1 

February 


March ... 

u * 

April 

II I 

May 

12 \ 

June 

»4 ' 


Total 

Sboaiing*Btan. 


... 400 


... 70 


Total 470 

Prob A. Hersdiei was the first to point out that this yearly 
difference, as well as the daily difference in the hourly numbers, 
arrived at by Coulvier-Gmvicr, demonstrated the cosmical 
origin. 

In 1864 he wrote as follows, assumiog that the meteorites 
travelled faster than the earth ^ 

“ A season of frequency of aerolites, shooting -stars, and bolides, 
must he expected to succeed, in all latitudes, three inohihs later 
than the summer season of the sun ; but, on the other hand, a 
dearth of meteors, in the spring, one quarter of a year later than 
mid ‘Winter. In general, and in all latitudes, the meteoric seasons, 
or seasons of meteoric frequency, must strictly follow the tropical 
seasons, and three months later in the year. Thus, in the earth's 
northetn hemisphere, the Northern Pole remains directed to the 
sun from the equinox of March until that of September, and to 
the course of meteors from the solstice of June to the solstice of 
December. The greatest frequency of the meteorites will fall 
about the equinox of autumn, in September and October. I’his 
most nearly agrees with the EuTxq>ean observations* The meteoric 
season of Arago may, therefore, be drawn as a consequence from 
his planetary hyix)thesi8, if it be permitted to change the li wits 
which he assigns to it by a small qimniity—namely, from the 
K.arth's apsides to its solstices in its orbit. 

** The same fact, which appears strongly marked with regard to 
shooting-stars in the eight ycar«’ summary of Dr. Schmidt, is 
fiiund repeated in a striking manner in the existing ^ Northern 
Catalogues of Star-showers, Kire-baUs, atwi Aerolilhs.’ The 
following references may be taken as examples : — 


App«arances July 

Star-showers from 1800 B.c. 1 
In M. Quetelet's catalogue [ 
Physique du Globe," 1861) ) 
Aerolitic meteors, from the \ 
Christian era. In Mr. f 
Greg's catalogue (British f 
Assoc. Report, i860) . . ; 

Large and small fire-balls. ) 

In same cataloghe {Mf.) . j 


Nun*ber— 
to Decembtsr. 

Number — 
January to June, 

72 

28 

316 

i86i 

843 

S 53 ” 


It was now pointed out, by Newton “ and Schiaparelli,* that, 
provided the actual facts of the daily and yearly variation weie 
sufficiently assured, the true velocities of these bodies in space 
could not be just simply similar to the earth’s velocity, nor Ihotr 
paths in space planetary orbits like that of the earth, and of 
aliout the same aimenstons ; but that as their motion was much 
faster their orbits would l>e variously distributed parabolas, and 
they would consequently be more akin to comets. 

That the movement was really much faster was argued in 

* Nntuea^ vol. xxiv. 

^ SiUintan's vol. XKxix , 18' s: A’rt/. Acati^ ScL, vol, i. ; 

An*fn<\ire H* CObacrxmtciry Ha Bruxelhii 18^6, p. mou 

^ Lcs vol. xlii. 
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1865, from the duration of the flight of shooting-stars, by Prof. 
Newton.^ 

From Wartmann’s observations of the duration of the flights of 
368 shooting-stars at Geneva during one night by six observers, 
a mean was found of 0*495. for each flight. The mean of 499 
estimates made in August and November 1864 is 0*418$. The 
mean duration of the 067 flights is 0*455. 

Prof. Newton ^emarks : — “A mean duration of half a second, 
and a mean length of path between 39 and 65 kilometres, imply 
a mean velocity between 78 and 130 kilometres per second. The 
smallest of these (more than 48 miles) is twice and a half the 
velocity of the earth in its orbit about the sun. This cannot con- 
sist with the supposition that most of the tnetebroids move in 
closed orbits about the sun.'’ 

Both the briefness, however, of this assumed duration, and 
even the least limit, accordingly, of the velocity so found, were 
presumed by Prof. Newton to be probably overrated. 

The final step in this demonstration was taken by Schiapa- 
relli, but before this Newton had distinctly shown that most of 
the meteors visible were not single in their movements' round 
the sun, but that they belonged to systematic streams and that 
these streams were not rings. 

With special reference to the November ring, Prof. Schiapa- 
relli^ came to the conclusion that the orbit, instead of being 
nearly circular, as Newton had at first supposed, was very 
elongated, like those of comets ; and Prof. Adams ^ demon- 
strated shortly afterwards that, among several possible periods of 
the stream which Prof. Newton had already indicated, the true 
period was 33*25 years, the demonstration depending upon the 
increase of the longitude of the node by the action of the planets 
Jupiter, Saturn, and Uranus, the calculated increase amounting 
to 28', while the actual increase was 29', and he gave the 
following elements of the orbit of the swarm — 

Period 33*25 years (assumed) 

Mean distance 10*3402 

Eccentricity o ’9047 

Perihelion distance 0*9855 

Inclination 16® 46' 

Longitude of node 57*28 

Distance of perihelion from node... 6*51 
Motion retrograde. 

Aided by considerations suggested by observations of the 
conditions under which the meteors were observed -from a 
particular part of the sky, in a particular part of the earth’s 
orbit, at a particular time and from a particular point of the 
earth’s surface, we can understand at once that it was as practic- 
able to determine the orbit of the swarm as it is to determine 
the otbit of a planet or of a comet. 

The final step taken by Schiaparelli, to whicJi we have 
referred, was a demonstration that tne orbits of certain of these 
streams or swarms, to which reference has been made, were 
really identical with the elements of known comets. 

Schiaparelli computed the elements of the orbit of the August 
meteors, supposing them to be moving along a cometary or 
parabolic orbit. For his calculations the data were the radiant 
in'R. A, 44*, N. Decl. 56®, the time of the earth passing near the 
centre of the group in 18^, August 10*75. With the elements 
thus obtained he found those of the comet 1862 III,, accord- 
ing to the latest determinations by Oppolzer,^ to be nearly 
identical, as is seen in the following statement : — 

Rlement* of KlementK of 

August Meteors. Comet 1862 111. 

Long, of perihelion 143 3^ ••• 344 

Long, of node 13816 ...* 13727 

Inclination 64 3 ... 66 25 

Perihelion distance ^'9^43 ... 0 9626 

Motion retrograde ... retrograde 

Perihelion passage July 23*62 ... Aug. 22*9, t86o 

Period : 123*4 years 

As remarked by Prof. Newton,® we come tftus to the un- 
expected conclusion thai thi cornet of 1862 is nothing else than 
om of the August meteoroids^ and frobabfy the largest of them ail, 

’ Siltiman'g JoHmidy vol. xxxix. p. 203. 

® Suite tino Meteorelogko delf Osseniaiorh del Coliegio vol. v. 

x866. 

3 Monikh Notkes^ vol. xxvi. p. 347, April i8f>7. 

* Astr, Nock , No. 1384. 5 Sillimair i vol. xliii., 1867. 


Whe^ this .relation of the comet of 1862 with the August 
meteons was discovered by Schiaparelli, no comet was* known 
having similar relations with the November meteors* Oppolzer, 
however, shortly after,* published a corrected orbit of comet 
1866 I., and the resemblance of its elements to those of the orbit 
of the November group was at once obvious, and attracted the 
attention of several-astronomers.'** The following table gives the 
details ; — ® 



Nov. Meteors. 

Comet fB6i I. 

Perihelion passage .. 

. Nov. 10*092, 1866 , 

.. Jan. ii'i6o, xS66 

Passage of descend- 
ing node 

13*576 

Long, of Perih. 

56 25'9 

60 28*0 

,, ,, BSc. node.. 

231 38 *2 

*31 361 

Inclination 

17 44'5 

17 18-1 

Perihelion distance .. 

09873 

0976s 

Eccentricity 

0*9046 

0-9054 

Send-major axis 

10*340 

10-3*4 

Periodic time 

33‘*5o 

33>76 

Motion 

retrograde 

]retroBrad« 


Since this discovery of Schiaparelli^s, one by one the various, 
star showers have been shown to be due to meteorite swarms 
pursuing generally elliptic orbits round -the sun, which^orbiti-are 
identical with those of various known comets, flense each 
** radinnt point ” is already, or will siibSe^uenti^ be, ussociat^ 
with a comet. 

/>istribt 4 tion of Meteorites in tih Solar 

The vide planStaire is now ultimatriy abolished, f nd we find 
the solar system to be a meteoritlc fieteum k ?Arbidh sporadic 
meteorites and swarms of greater or less ^eniity Ure moving m 
orbits more or less elongated round the stih* 

The demonstration that meteorites are entie terfe^riaJ bodies 
has been followed by researches which, Its ^ey have become 
more complete and searching, ‘ hCve gradi^y driven men of 
science to Increase their estimaies, till atlairi mt numbers acknow- 
ledged to exist in what was formerly supposed to be empty space 
have become enormous. 

First as to the ^oradic meteorites. 

Observations of sporadic falling stars have been used to deter- 
mine the average number of meteorites which attempt to 
pierce the eartivs atmosphere during each twenty^fonr houra. 

1 )r. Schmidt, of Athens^ Jrom observations made durinl; seven- 
teen years, found that the mean hourl^r number of luminous 
meteors visible on a clear mootdess night by one observer 
was fourteen, taking the time of observation Irom midnight 
to I a.m. 

It has been further experimentally shown that a large group 
of observers who might include the whole horlson in their 
observations would see about six times as many as are visible to 
one eye. Prof. H. A. Newton and others have calculated that 
making all proper corrections the nmnber which might be visible 
over the whole earth would be a little greater than 10,000 times 
as many as could be seen at one place. From this we gather 
that not less than 20,000,000 luminous meteors fall upon oor 
planet daily, each of which in a dark clear night would present 
us with the well-known phenomenon of a shooting-star. 

This number, however, by no means represents the total 
number of sporadic meteorites that enter our atmosphere, because 
many entirely invisible to the naked eye are often seen In 
telescopes. It has been suggested that the number pf meteorites 
if these were included would be increased at least twenty^fold ; 
this would give us 400,000,000 of meteorites falling in the earth’s 
atmosphere daily. 

If we consider only those meteorites visible to the naked eye 
os sporadic meteors or falling stars, and if we further assume 
that their absolute velocity in space is equal to that of comet$ 
moving in parabolic orbits, Prof, H. A. Newton has shown that 
the average number of meteorites in the space that the earth 
traverses is in each volume equal to the earth about 30*000. This 
gives us as a result in round numbera that the meteorites are dis- 
tributed each 250 miles away from its neighbours*^ 

* Astr. Nack.t No. 16*4 

* Pet«r«, Aetr. No. 1634 ; Oppolzer, No. f6ae ; Schlaparctli. 

ibid, 

1 Suiietine Meteor., February aS, 1867. 

* “ Meteontes,*' Prof. Newton. “ Encyclojwdia BritaftaUtSt’* 

oth eUiilon, vol. xvl, : and ‘'Abstract of a Memoir on bhootlng-Stsn.” by 
Prof, Journat, voL xxxi*., 1863). 
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Next as to systematic meteorites^ those, that U, that ar^ massed 
in 

Mucli still remains to be done before their greater density is 
known. Prof. Newton has calculated that in the Biela swarm 
the meteorites are thirty miles apart. 

]. Norman Lockyer. 

' {To be eoHtinuetf.) 


DR. JANSSEN ON THE SPECTRUM OF 
OXYGEN. 

following is an -abstract of the account given by M. 
^ Janssen, m Section A of the Biitish Association, 
uf his researches into the different forms of oxygen, in the 
direction of an inquiry into the molecular constitution of that 
element. These experiments have been made in the labora- 
tory which has been organized under Dr. Janssen’s snpervifion, 
and at the expense of the French Government, at Meudon. The 
hall in whicn the observations have been carried out is 100 
metres in length. It contains every requisite for studying the 
optical properties of gases ; principally instruments so con- 
structed that a long column of gas may be examined under a 
high pressure. One of these is a set of steel tubes varying in 
length from 0*42 metres to 60 metres, terminated at each end 
by a glass plate, perpendicular to their axes, and constructed to 
resist a pressure of 200 atmospheres. The chief result of this 
work was the discovery of a new law of the selective absorption 
by oxygen of any beam of light, quite independently of its origin, 
whether from the sun or the electric light. Jt was proved that 
oxygen produces two kinds of absorption- phenomena on the 
spectrum of the Ught^drst, the known ; and, secondly, a 
system of dark bands which had not, up to this time, been 
noticed. M. Janssen has demonstrated that the intensity of the 
rays varies as the products of the length of the column into the 
density ; while that of the bands varies as the products of the 
length of the column into the square of the density. The prin- 
cipal results obtained by M. Janssen are best displayed in the 
following table ; — 


I. 

Metres. 

60 

3. 

Atmolpheres. 

Atmospheres, 

4. 

Atmospheres. 

20 

10 to 12 

... 10*4 

1’’ 18 

5 

23 

20*7 

7a 

**47 

38 

... 38-3 

240 

075 

501055 

53*6 


0*42 

70 to 75 

7*7 

858 

I. Length of the tube. 



2. Pressure observed. 




3. Pressure calculated by formula (product of length 
of column into the square of the density). 

Pressure calculated by (he formula U/. 
ese numbers are Hx^ by the point at which the band in 
Ike yellow first appears, this phenomenon supplying the standard 
term of comparison. It is easy to see how nearly the observed 
results in the second column agree with the figures in the 
third, and how far they difier from those in the fourth. 
The hkW of the square has been discovered by an analytical 
method, which will be published in full in the Proceedings of 
the Bdli^ Association. Dr. Janssen has proved the exact- 
ness of this law in its application to the oxygen contained in the 
atmosphere,. Jit measuring the altitude of the sun necessary for 
the first apj^arance of the band. He verified the same la\v by 
experiments on oxygen in its liquid state, and found that a 
thickness of 4 to S millimetres was sufficient The correctness 
of this law must be considered as valid from o to 700 atmo- 
i];^eres. For the fiutings of the group B the law of variation 
according to the formula lA has Aen verified from o to loo 
atmospheres by direct observation of the tubes. It is curious to 
nqtloe how by the systematic variation of length of column and 
density H is possible to obtain either lines without bands, 
bands without lines, or bands and lines toother. Among the 
astrunomical applications of this law it is noted that a 
nebdla which might have a diameter of 2000 times the distance 
ofthe^earth fifom the sunV containinc oxygen at a density of 
qae-millionth of an atmosphere, could be traversed hy the light 
a star without causing toe appearance &f oxygen-bimds in the 
spectrum. M. Janssen stated that he is stUl pursuing these 
investigations, and others attendant thereon, relative to the 


molecular construction of oxygen and its presence in the 
atmosphere of the planets. 

At the conclusion of Dr. Janssen’s paper, Sir Wm. Thomson 
recapitulated the main facts to the audience, stating his opinion 
that the discovery of the law of the square of the d^ity was a 
most brilliant achievement. 


THE GROWTH OF ROOT-CROPS.^ 

'I"* HIS is a pamphlet of extremely closely written matter, 
which purports to be a lecture delivered on July 27, 1887, 
to agricultural students in Cirencester College. Viewing it as a 
lecture we should accord it qualified praise, because a lecture 
must be regarded as oral instruction, and ought to be sufficiently 
dilute and sufficiently fuoisl to allow of the process of mental 
deglutition. The pamphlet is really a treatise upon the effect of 
fertilizers on the growth of roots and their comporition, and it 
would be presumption on our part to do more than bow respect- 
ful acquiescence to each statement made by so learned and so 
experienced a specialist. 

Dr. Gilbert has studied turnips ever since 1843, and probably 
long before then, and his knowledge of their habits, their require- 
ments, and their uses, is unequalled by that of anyone else in this 
countiy. Anyone who will read through the pamphlet now before 
us will find bis ideas with rej^rd to these esculents enlarged and 
dignified. Dr. Gilbert chiefly treats his sulriect from a chemical 
point of view — the fertilizers best suited /or producing a crop, 
and the composition of the crop affer it is grown. The extra- 
ordinary dep^dence of the turnip upon artificial help is shown 
by many tables, and the erroneous idea that the turnip acts as a 
ren^atot^ or restorer of fertility is exposed and disproved. If any 
crop is capable of completely exhausting a soil of all its available 
fertility, it is a turnip crop manured with superphosphate of lime. 
So far from being a renovator it is a waster. Still, circumstances 
control cases, and the special circumstances which accompany 
tuniip cultivation are of an ameliorating sort. True, if your 
turnip is sold off the farm it may be looked upon by the landowner 
as a burglar making off with his goods and chattels, but con- 
sumed on the premises^^ it yieWrnp its wealth and becomes 
beneficent. Like John Barleycorn, it springs up again after ever 
such rough usage, and its spirit lives in succeeding com crops* 

The superiority of swedes over turnips is shown by the much 
smaller proportion of leaf existing in tnem in comparison with 
white turnips ; and also in the larger proportion of d^ matter 
in the root. White turnips, especially when dressed with nitro- 
genous matter, gave 600 parts in weight of leaf to icx>o of root. 
Swedes gave under similar circumstances 228 parts of leaf to 
1000 of root. White turnips were found to contain from 7 '66 to 
8*54 per cent, of dry matter, while swedes contained from 10*83 
to 12*04 percent, of dry matter. In both swedes and turnips the 
effect of superphosphate of lime in increasing the crop is remark- 
able when there is a sufficient stock of nitrogen in the soil. A 
single crop will, however, deplenish the excess of nitrogen, and 
fre% applications of superphosphate will not act with the same 
energy. Take, for example, the series of root-crops grown in 
rotation with other crops, out recurring at intervals of four years 
in 1848, 1852, 1856, 8cc. The portion unmanured yielded 
9 tons per acre the first year, but the fifth, ninth, thirteenth, 
and seventeenth, it only yielded from helf a ton to one ton per 
neracre. Similarly, superphosphate gave a crop of 14^ tons 
" in 1848, and of 1 1 tons in 1852 ; but in 1856, i860, and 1864, the 
yields produced by (he same top dressing varied from to 6} 
cons per acre. In no crop more than in the turnip crop is a full 
supply of nitrogenous and mineral plant foods more essential, 
and hence the importance of farm -yard manure for its thorough 
development. 

But the most interesting portion of the lecture is the second 
part, in which the effect of fertilizers upon the proportion of sugar 
and albuminoids in root-crops is dealt with. The effect of nitro- 
genous dressing in increasing the power of the plant to take car- 
bon from the air, and especially to elaborate it into sugar, is much 
enforced. It is, however, evident that the effect of the nitrogenous 
manure, especially in the case of mangel -v/urzek consists in in- 
creasing the crop, and the crop being increased the amount of 
sugar and dry matter generally, will naturally increase also. So 
for indeed as percentage goes, it is higher where no nitrogenous 
manure is used than in any other cases. In fad, wherever 
nitrogenous manures are employed, the percentage of sugar is 

' "’‘TheGrowthof RoQt-Crops.” by J. H. Gilbert, M,A., LL.D., F.R.S,, 
[ Sibthorplan Profrsioi: in the Universitjr of Oxford. ' 
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qiin^itiately reduced. The (re«t inenete In tHe actual weight of 
with nltrog^on;! matiueeti, h3Wiver» cfhmpkteiy 
ov^nim perccntageSi luw hoD^ce.the totl^c showing the effect 
i/i nlthkgeQDus noanarei records a great increase of sugar, corre* 
apo^Qg iMth the applicalien' of nitrogenous fertilizers. Dr. 
Gllhertaa)t8i "I cannot di^usa the physiological explanations 
of the fact titat pilrogenous manures have such a niarlced effect 
tfn the pT^UCtion of the non-nitrogenoits substance— sugar.” 

It woul 4 also be an*interesiing physiological question why the 
[percentage of HUggr is highest when no nitrogenous manure is 
Applied, and^tUp^by nitrogen, even in the ^rm of farm>yard 
mwiure, appears to at once lower the proportion of sugar in 
mangel. Also, why further additions of nitrogen still further 
lower ibe percentage of sugar. The percentages stand as 
follows 

Sugary per cent. (f« nmngd^rvurzel). 

manure 1 1 *4 per cent. 

Superphosphate 104 ,, 

y'arm-yard naanure 8*6 „ 

Farm-yard manure and sodium nitrate 71 ,, 

The actual quantities of sugar per acre stand as follows, in 

pounds : — 

No manute ... . . ... ... 050 pounds per acre. 

Superphosphate ... ... ... ... 1028 ,, ,, 

Farm yard manure , . ... ... 2513 ,, ,, 

Faroi'yard manure and Bodinm nitrate... 310^^ ,, ,, 

Judged by perecn/agei we have a descending series, but 
judged by actual quantities an a.sccnding series of figures. It is 
somewhat difhculc in the face of the diminishing percentages of 
sugar caused by the application of nitrogenous manure:^, to see 
how the functional powers of the plant to make sugar bave been 
heightened or inteiisihcd. Still, Dr. Gilbert says: direct 

connection between the supply of nitrogen to the plant and the 
formation of no H-nitrogenou'i substances is obvious. ” Might it 
not be a.s truly said, “ A direct cooneciion between the wcii^ht-of ! 
the crop and the weight of non-nitrogenous substances contained ! 
in the crop is obvious” ? 


When wprkfitg'at moderate temperature^, the ihrrtace n suf^ 
ddend/quiet tp admit of its use on a lecture- table, bat at Its 
highest power noise is considerably 
There is n6 difficulty in adapting the burner to other forms of 
furnace, provided it is found possible to produce satjsfactoiy 
casings to withstand tbe heat ; those made tor the crucible fur- 
nace stand, as a rule, exceedingly well, but with alterations in 
form great difficulties are introduced, more esi'iecially with 
muffles, which, as at present made, will not stand any sudden 



We have received a copy of memoranda of the origin, plan, 
and results of the Koihamstcd ftehl and other experiments, 
which gives an excellent idea as to the work carried on by Sir 
John Dawes on his Hertford ddre property. Sir John begnii to 
ea{>eriment on growing crops in 1837, but fixes the actual com- 
snonoemimt of the Uothatnsted Station in 184J, when he 
associated Gilbert with himself in carrying out a magnificent 
series of agwcaltoral experimentK, A large staff of chcmisl.s and 
ossSstanla are employed entirely at Sir John's own cost, and he 
has provided for tbe continuance of the work after his <leath by 
seilis^ apart 100,000 for the purpose well as sufficient land 
for carrying out his intentions. It is pleasant to find Sir John 
Dawes ami his indefatigable coadjutor Dr. J. H. Gilbert still 
young in mind and constitution, and able to throw all their old 
ardour into their work. 


heat, nor will they hold their shape at any iem})crature ap 
preaching whiteness. The burner alone will he useful in heat- 
ing many substances in the open, but, owing to the broad and 
diffused flame, it is of little prnctical value for blow-pipe work. 

The special advantages of the npparatu.s are that it is eniirjely 
self-acting, requires no attendance, and that it greatly increases 
the range of lemperaliircs which can he obiamed by any simple 
apparatus. Tlie lai^esl size at present made takes crucibles not 
exceeding 3 inches higli. 


FOREST axySERVANCV IN CEYLON. 


^ODONKL CDAKKF., the Acting-Conserv’utor o 
Ceylon, in hih Report for Ift**! year says that sin 


FLETCHERS S COMPRESSED OXYGEN 
FURNACE. 

'T'PIK use of oxygen with coal-gas in a laboratory furnace has 
^ up to the present lieen attended with serious difficultie.s, 
owing to the intensely local namre of the heat obtained, and the 
consequent perforation and destruction of crucibles and other 
vessels. 

In this furnace, diffusion of the heat is secured by using a fine 
jet of Brin’s compressed oxygen directed centrally into one end 
of a tube a quarter of an inch in bore, open at both ends, the 
oxygen jet acting as an injector, and drawing with it from four 
to eight times its bulk of air, the projxjriion depending on the 
MW of the oxygen jet. Thi.s tube, containing the mixture of 
oxygen and air, is used as the central part of an ordinary blow- 
ing of heavy cast-iron, which is placerl close up against the 
l>umer‘0|>«itng of one of Fletcher^s onlinary injector, furnaces, 
lined with a specially refractory material. 

The power of the furnace depends entirely on the quantity of 
oxygen and gas supplied, and can be adjusted to any power 
ftxrw A dull red, whicli can be maintained for many hours 
steadily, without attention, to a beat which will “drop** the 
mcMt refractory crucible in less than five minutes from the time 
the |j[as is lig^ud. 


of Forests in 
since attention 

w.as called in 1873 to the gindnal destruction of forests in Ceylon 
efforts have been made t > check the evil. At first the expense was 
the gi eat obstacle. The Government did not .see its way to expend 
the large sums that would lx; necessary before the forests could 
be regarded as self-suppoiting. However, in 1885, “Tbe 
Forest Ordinance” was passed, under which certam areas of 
forest lands were acquired by the State and made State’forest9» 
tbe owners of those nrean or persons having any interest 
being compensated for the loss of their rights. These tbfcttt 
were to be clearly marked out, and, where neceesairy, r«^plitlit^ 
and improved. It is yet too soon to say what the effe'cbyfflta 
of this systematic treatment, but the Governenont 
constant supply of good timber will be at hand, (She 

climate of the island will be benefited by increased 
forests. Forests, Colonel Clarke says, make the 
equable, increswc the relative humidity .of the 
increase the rainfall. Furthermore, the wajCer-«ap|^4»rj^«Ciidi 
by forests, the springs being more regular and siKdalned, kttd the 
rivers miwe continuous in their flow. Adjacent fielda ate IHO'- 
tected by them and the speed of the wind i.s reduced. In dropW 
countries especially, where, during the wet season, tbe ndnda^la 
in torrents, fwests are useful in preventing the soil from bahtg 
washed away into the rivers and bays. Besides, it is ceiafldettA^ 
expected that a .«iub8tantial revenue will be derived from theglw 
of timber, fuel, kc. Jndia, which, rehrtively speaking, has MOD, 
more valuable forests than Ceylon, yielded m the year 
a gross revenue of ,^1,052,190, represeitting a clear profit Stf 
;^ 4 q 3 , 8 r 4 . In the i>aat the natTve forest -keeiiiers eennived with 
of natives who phmdeved the forests ond deprived ^ 
isl^d the revenue that would osherwise hove aecroed. ThO' 
eihldlffett af the destruction of forests that *was so Oery eonoMfli 
until' quite recently in every qwwter of the gltfbe, :is ofpafflMiii 
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«verym1tere. Some Rtrikiiwf instances were given in, iSS^Itelbt'e 
the Select Committee rjf iho Houjms of Commons on l^’oreiitiiy. 
For example^ what was fifty yeai*? ago the great Hce-proJucin^ 
(tUtdet or the west (if liidia, Ratnagin't has suffered terribly 
from the denudati(m of the Western (Jhars of Uil* dense foresu 
which extended atl over thni ranyo of niowmains. Again, the. 
native State of Tinjira was all hut ruined by the indiscrimmate 
fttling of the f trchia which covered the whole ^late, which is 
fitmt pfteen to a hundred miles in breatlih, and aiKi*n^ forty in 
length. Sindiai'ty, in Ceylon it«elf, the chena ctdiivator in the 
Southern and North- Western Provinces and in the Province of 
Uva is threatened with ruin. 

The recommendations made by Colonel Clarl e in 18S7, and 
npy.roved of Ivy Government w^re the following ; -The Govern- 
ment Agent and the Con-ervator of Fortsm were annually, 
subject to the approval of the Government, to ag<'ee on what 
works were to he necompUshed in the way of demarcation, con* 
serv(icion,^c., and these were 10 be carried out by the Provincial 
FowJster under the oiUhorliy and protection of the Government 
Agent, In departmental ijuestuj&s, such as those relating to 
pay, promotion, discipline, and other matters, the Conservator 
of Forests was to be supreme. ITie present mode of working is 
ilhietrftted by the plan of operations for this year, drawn up by 
Colonel Clarke, and .sanctiooetl by the Govertnnent in Marcn 
lowt. The plan is drawn up under four heads : (t) deirmrcafeton ; 
^^lilwber and fim^od supply ; (^) re-afforCstmion ; (4) extra 
' CfnTOlish^ With regara to demarcation it was seen that 

this was urgently n^ded in llw neighbourhood of the large towns, 
and Govemmeirt was, thei'efore, recommended to allow the 
whole available staff to l>e placed at this work. The forests in 
ihe northern, eastern, and north-central provinces were to be 
allowed to take caio of themselves for a time, as the population 
was very sparse in those regions. Thus ii was proposed to 
l^iegin at once with the Mitirigalrv and Kananpella forests, which 
lie in the vicinity of Colombo and on the hanks of the ICeiani. 
The ptesenl system, by which contractors cut limber for -the 
Public Works Department, is to be changed, for no sufficient 
check can be exercised over the contractor and their workmen, 
and it is intended to establish depots in various centres where it 
is considered that there will be sufficient demand for timber ami 
firewood. Wlien this is done, not only will the heavier timber 
be utilized as at 1 resent, but also ilie lighter jwrtions which arc 
now left to rot in the forests. 'iVo great dejiotK are to be 
established, one on the east coast and one a*^ Colombo. To the 
latter will be sent all the timber that is intended for export, such 
a» ^ony, satinwood, &c., and to the other depot those timbers 
which are in demand in India, but which would not bear the 
cost of transit to Colombo* According to the Re^|X)rt ten depots 
in all will l>e established this year. An effort will be made to 
give theforests of Ceylon a trial for railway sleepers. Colonel 
Clarke says that the focal detnand should lie met, as two trees 
which are very plentifuJ in the island are, in his opinion, suitable 
for that purpose, Polai /ndira) and Kumbuk ( /Irr- 

mimalia Re-afforestation, in Colonel Clarke's opinion, 

is not a mssmgr^qvesttoa ; damuouitm should first be (»mpleted. 
Many oT titt Co^oa foresUit ha thinks, are overworked, and 
re(|mae a long peried of rest. To carry out the works now 
** ahaoUitiil^. pecessary for the protection of the forests, the staff is 
to:M ikl^jpMWed by adding forest-rangers and river-guards. 


U^UmRSITY AND EDUCATIONAL 
^ INTELUGENCE. 

OA%rva 7 i> 0 £. — The list of lectures in P^ios this ternf in- 
doles Prof. Stokes'ti on Physical Optics, Prof, Thomson's on 
the Pkoperties of Matter and on Mathemdos for t$todenta of 
Ph|at<^ and Mr. Wilberforce's on Dynamo-electric Machines. 
Atisonjj^lihe imonerous chemical lectures we do not note any very 
nov^ feature. Prof, Newton will lecture on the Evolution of 
tlm Aidmdl Kingdom, and Mr. Gadonpon the Morphotogy of the 
Iijft^fapasfda^ recent and extinct. In Botea^, the Keadeniitp has 
4 not'wb^en filled up ; Mr. Gardiner U^vfng 11 general element- 
ary oomh,. Mr. Potter is lecturing ontheOeogfStphiCal Distribution 
of Plants, and Mr. Vaisey on the Classification of Plants. In 
V i%eolo^» Mn Marr lectures on the Prineipleaaiulyoa Advanced 
Mr, Haito on Fetrolooy, Me. RobOvte osu ^ 
iMieed ra&ontology, and Mr. Seward on Pnls^bsMiy; MlM 
f^fiyaiolegical and anatomical courses »m immh as aanaU Theve 
ase thred (graduated) seta of demonstcation chnUM in Mech* 


anirm, and^lectuits by Prof, Stuart and Mr. Lyon, In 
moiics, Prof. Cayley is leoturiAg oh Elliptic Fnnetiontj Prof* 
Darwin on OrMts and Perturbations of Planets, Mr. PtntrHdhury 
on the Theory of Numbers^ Mr. liobson on Fomde^^a Series 
and' on Conduction of Heat, Mk Larmor on Electr<(Stfrtice^ Mr. 
Forsyth on Theciry of Functions, Dr. Besant on Analysis, 
iir. Glaisher on Elliptic Functions, and Mr. Herman on 
Hydfodynamios. 

At Sidney .Sussex College, an examination Tor Open Scholar- 
ships in Natural Science will be held on January t next ; two 
are offered, one of ;£‘70 and one of ; subjects^ — Chemistry, 
Physics, Biologj', and Geology. The Tutor uill give further 
particulars on application. 

KingV College offers one Exhibition for Natural Science ; 
examination to I^in about Oeeember ic. 

Emmanuel, Jesus, and Christ's Collegss will hold joint ex- 
aminations for Open Scholarships on December ii and following 
days. All candidates must show a competent kflowle(lge of 
Chemistry. Candidates may also be examined in Physics, iit 
Elementary Biology, and in Geology. The Tutors will give 
full pariiculans. 


SCIENTIFIC SERIALS. 

JiMiieiin iU la SocM dt NaturalisUs dt M^scou, 1888, No. 3 . 
— On the development of Amphipods, by Dr. Sophie Pereya- 
slavtseva. — List of plants of Tamhof, by LitvinofT.— On the great 
comet of 1887, by Th. Brcdichin (in French). — Short notes 
on some Russian sj^ecies of Blaps^ Iw E. Ball ion (in German). 
— On the Mollusks of Caucasia, by 6. Reiowski. Twenty-nine 
Species from No vorossiiRk, and ten from Abhasia are described 
(in German). — The Chlorophycar of the neighbourhood of 
Kharkoff, by D. B. Ryabinin. Until now, this subdivision of 
Alga? has been rather neglected in Russia, and only 100 species 
have been descrilicd in the neighbourhood of Moscow. M. 
Kyabinin’s list comprises 233 species, belonging to 74 different 
genera (with notes in French). — Materials for the flora of 
Moscow', by l^rof. Gorojankin (in Russian). The capita) work 
of the late Prof. Kaufmann, '*The Flora of Moscow," which 
was published in 1866, has been revised by M. Petunnikoff, 
who compared it with the rich materials of the Moscow 
Botanical Garden, and published a supplementary list. Students 
of the Moscow University having been directed during the last 
three years to collect new materials during special excursions, 
Prof. Gorojankin has availed himself of all their collections, as 
well as of a dozen other collections, and now publishes a new 
supplementary list, which contains 102 new Fpeciesof Phanero- 
gam* and two species of Cryptogams. — The spiders and other 
insects of Sarepta, by A. Becker (in German). — The Dariinsk 
mineral water In the Govern ment of Moscow, hy A. Sabandeff 
(in Russian). The spring is rich iu iron, and is like that of 
Lipetsk* 


SOUETIES AND ACADEMIES. 

London. 

»Stttontelofic«i So«i«tyi October 3.— Dr. D. Sharp, Pre- 
sideot, in the chair.— Mr. F. P. Pascoe exhibited a numlierof 
new sfwcies of La^icornkt^ from Sumatra, Madtgoacar, and 
So^ AWtoa.— Dr. P. B. Mason exhibited, for Mr. Harris, a 
speeinieit of Chmrfi c tt m pa NtrUi recently captured at Burt on -on - 
Trent.— Mr. S. Steven* exhibited a specimen of Vanetsa Anti&pa, 
which he caught in the Isle of Wight in August last. — Mr. E. B. 
Pottlton eritmhed a living larva of SmmiUhus oetllatui in the 
last stage, fourteen lorvee of B^orma f^oh^ria, and some 
cocoona of Rumia cmlagata. The oMect of the exhibition was 
to show the infivence of special food- plant* and surroundings on 
the colours of the larvae and cocoons.— Mr. M. Jacoby exhibited 
a varied series of TVrwAra sanB»inipmnu^ Lac., from Central 
America. He stated that many of the varieties exhibited had 
been described in entn- as distinot specie*.— Mr. Billups exhibited 
speeimens of Br^etm /woiemrik, Wesm., bred from larvze of 
Epkistia EMniilla, Hu remrlii^ that this rare species had only 
b«n reoonJed as bred on two or three occasion*, viz. by the 
Rev. T. A. MmMI, M^. W. F* Kirby, Heir Brwchke, and 
Mr, Sydney Webb.— Rftr. W. Warren exhibited specimens of 
^ A^iliesia miulana and A. fitHgoma ; also bred series of the 
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flowing species: £up(^ilia I>egrtyana^ SHgtmnpta ^Ui’^ 
fr^aft^jCffcacia decreiaMAf andOi^^ia — Lprd Walsing- 

ham, F*^S., exhibited specimens of several species of the genus 
CryptPpk^ of the Tineina. some of the most remarkable being 
mates and females of ZiiuahalUata^ Walker, bred by Mr, Sidney 
plUfT from pupse found in January lost, at Newcastle, New 
South Wales, burrows in branches of a species of Acacia.^ 
Mr. F. D. Godmaia, F,K.S., exhibited a larva of a Cicadat 
'from Mexico, having a fungoid growth on the head,— Captain 
£lwes exhibited# large number of butterflies, representing about 
]go spacies, recently collected by himself and Mr. Gouman in 
California and Yellowstone Par It. The collection included 

, jWfcypy species of great interest, amongst others a Coanonympha 
Edwards as an Erehia^ a very rare species of 
Ihgcia, and a i^markable series of species of the genus Colias . — 
MtV H* OdM exhibited, for Mr. W. J, Cross, an extraordinary 
variety of Amtis se^cimny caught by the latter near Ely in July 
last. — Mr, W. L, Distant read a paper entitled “An enumeni' 
tion of the received from Baron von Muller, F. R.S., 
and collected by^Mr. Sayer in New Guinea during Mr. Cuthbert- 
son’s expedition,*’ — Mr. Poulton read a paper entitled “Notes 
in 1887 upon Lepidopterous larvae', including a complete account 
of the life-history of Sphinx comohuli and A glia tau ” ; and 
Mr. White exhibited specimens of preserved larva; of .S’, con- 
volvuUf A, tau^ and other species referred to in Mr. Poulton’s 
paper^ Mr. Jenner Weir, Mr. Kirby, Mr. While, and Dr. 
Sharp took part in the discussion which ensued. 

Paris. 

Academy of Sciences, October 8.— M. Des Cloizeaux in 
the chair. — Order of appearance of the first vessels in the leaves 
of Hutnulus Lupulus and japonicus, by M. A. Trecul. These 
researches show that, as already announced by the author so far 
back as 1853, the stipuli may sprout long before any of the leaf- 
lobes make their appearance. The verification of the phenomenon 
is easy either in the Humulus here studied or in the Cannabis 
saliva previously described, —On the molecular weight and on 
the valency of perseite, by M. Maquenne* In a recent communica- 
tion {Complex rendus^ cvi. p. 1235) the author showed that 
perseite possesses the function of a polyvalent alcohol, and that 
its ethers present the same centesimal composition as those of 
mannite and dulcite. It was also shown that the analysis of 
perseite yields the same results as mannite, and that these bodies 
at equal weight equally lower the freezing-point of their solvents. 
Hence perseite might be supposed isomerous with the mannites, 
C*Hi 40«. put further researches, and the study of some new 
derivatives df f^seite, clearly show the inaccuracy of the formula 
of this aubstknee as determined in the former note, and as pre- 
viously accepted by MM. Miintz and Marcano. It is now shown 
to be the immediate si^rior homologue to' ordinary mannite 
with corrected formula CrHjeO^ It is at once the first hepta- 
valent alcohol and the first sugar in C7 that has yet been deter- 
mined.— On the orbit of Winnecke’s periodical comet, and on 
a new determination of the mass of Jupiter, by M. E. de Haerti. 
The results are given of the author’s protracted observations, 
undertaken for the purpose of ascertaining whether any change 
due to a resisting medium bos taken place in the revolutions of 
this short -period comet, whose return was carefully recorded in 
1858, 1869, 1875, and 1886. A fresh calculation is made of 
Jupiter’s mass, based on its disturbing effect on the comet’s 
orbit. The value of the mass that best satisfies all the obser- 
vations is w = 1 i 1047*1752 db 00136.— Reflected image of 
the sun on the marine horizon, by M. Ricch. The observations 
here recorded have been taken since 1886, on the east terrace of 
the Observatoiy of Palermo, a kilometres from the shore and 
72 metres above sea-level. They were interrupted this year by 
the foggy horizons, probably caused by the eruptions of Vulcano, 
which began on August 2, and have continued ot intervals down 
to the present time. The observations will be renewed next 
spring, with the return of the sun to the marine horizon. 
UndCT clear skies and in calm weather the elliptical form of 
the image of the sun is very evident, so that it seems strange 
the ancient astronomers did not perceive in this phenomenon 
an indication of the rotundity of the globe. — A study of the 
heats of combustion of some acids connected with the series of 
the oxalic and lactic acids, by M. Touguinine. The results of 
thi: researches communicated in this memoir have reference to 
the malontc, succinic, pyrotartaric, suberic, sebacylic, and oxy- 
isohutyrje acids. The first five present liomologoiw relations 
between themselves and with oxalic acid ; the last is similarly 


comieoted w|th lactic acid.— On the free^-poiats of the 
solutions of the organic compoundt of aluminhim, by MM. FL 
Louise and L. Roux. The determination of the vapour debsHiea 
of these substances has led the authors to give them the general 
formula Al^Xg. Their farther investigations, here dembed* 
have been earried out with a view to (retermining the value of 
the molecular weights of the organic compounds of aluminium 
by Raoult’s method based on the lowering of the freecing-pointB 
of the solutions. Their new determinations confirm their previous 
conclusions on the vapour densities, and show that these sub- 
stances can in no case be represented by the simple formula 
AlXa-— M. K. Picard contributes a paper on Laplace’s trans- 
formation and linear equations with partial derivatives ; and the 
Perpetual Secretary gives the analysis of a note presented by M. 
G. Govi on a new melhorl for constructing and calculating the 
place, position, and size of images given by complex optical 
systems. 
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EMPIRICISM VERSUS §CIENCE. 

If ERE is among the general public 6. perennial 

•L tendency to exalt and honour the man of affairs— 
the man whose business it is to pose as figurehead and 
carry through great schemes in the face of the community— 
at the expense of the quiet student or the scientific pioneer. 
And every now and then this permanent tendency is 
played upon by someone who ought to know better, and 
excited into more conspicuous vitality ; sometimes taking 
the form of a demonstration in favour of practice " as 
opjposod to ** theory,” sometimes the form of a flow of 
ribaldry against scientific methods and results. Such a 
periodical outburst seems to have broken loose just now, 
and the technical press is full of scoffs at men of science, 
and glorification of the principle of rule-of'thumb. 

It is easy for students of science to smile at the ab- 
surdities thus propounded and to take no further notice. 
It is only statements which have a germ of truth about 
them that are able really to bite and sting. And if a feel- 
ing of momentary irritation is excited by reading some 
pieQb of extra absurdity set forth for the unedification and 
misleading of the public, the best antidote is a return to 
one’s own work, and silence. 

It is possible, however, sometimes to carry complais- 
ance too far. If you make yourself a sheep,” was one of 
Franklin’s mottoes, the wolves will eai you ” ; and there 
is sound worldly wisdom in the maxim, though it may be 
difficult always to reconcile it with some other precepts 
of a higher authority. 

The only really Irritating thing about these attacks is 
that they do not call things by their right names : if they 
did, the absurdity would be too glaring for anyone of 
importance to be taken in. So they sing the praises of 
empiricisni and decry science under the totally false and 
misleading names of “ practice” and “theory” respectively. 
Now plainly there is no real antithesis possible between 
theory and practice unless one is right and the other 
wrong or incomplete. If both are right, they must agree. 
If one is conspicuously right and the other conspicuously 
wrong, it is a very cheap and simple matter to distribute 
praise and blame. 

Whenever there is discordance between theory and 
practice— a theory which says how a thing ought to be 
done, and the practice by which its doing has hitherto ! 
been attempted— manifestly there is something wrong 
with ono or other of them. The blame should be applied 
to the ertce’, and the error may lie equally well on either 
side. The practice in early steam-engines was to cool the 
cylinder at every stroke in order to condense the steam. 
It certmhly did condense the steam, and was therefore 
successful The self-styled practical man ” of that day 
wouM moat likely have derided any small-scale laboratory 
as futile and ridiculous, and not correspond- 
ing to ;oanditions of actual worl^ Nevertheless, that 
etn^ient^orift, James Watt, studying the behaviour 
.steam under various circumstances in a 
.nmnner, and by discovering ihat the pressure in 
; system of vessels contiiniing vapour would 

equal to the vapour-tension corresponding 
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to the coldest, did succeed fn introducing a noteworthy 
improvement into a time-honoured practice. Again, the 
question of the specific heat of saturated steam, whether 
it be zero, or positive, or negative, is a highly scientific 
question, first solved on the side of theory by Clausm^an 
eminent example of the purely scientific worker ; 
fact that it is negative has an immediate practical beating 
on the important subject of steam-jacketing, and fuBy 
explains the advantage of that procesa 

But it may be said the advantage of the steam-jacket 
was discovered by experience. Very likely. It is a con- 
spicuous and satisfactory fact that progress can be made 
in two distinct ways. Sometimes the improvement is 
discovered by what may be termed blindfold e.xperience : 
a certain operation turns out to be uniformly successful, 
and, without any further knowledge, that is sufficient 
justification of its performance. The observed fact that 
inhalations of cfalprofornt produced temporary anaesthesia 
was sufficient Justification of its use in surgery without 
any theory as to why it so acted. The motion ^of the 
planets in ellipses, according to certain laws, might have 
been deduced from the theory of gravitation ; but 
historically those motions were tteduced by a laborious 
comparison of observations. Sometimes observation is 
ahead of theory ; sometimes theory is ahead of observation. 
It is mere nonsense to decry either on that account. 

It is also absurd to deny that our knowledge of a fact, 
and our confidence in its use, and of all the conditions 
under which it may be used or may not be used, arc enor- 
mously enhanced when one knows not only the bare fact by 
observation empirically, but when also one thoroughly 
understands the reasons and the laws connected with it. 
It would be justifiable to employ a successful drug even 
if one knew nothing of its mode of action, and could give 
no reason for its effects ; but it is far more satisfactory 
to understand it exactly, and to have a complete theory 
of its physiological action, One can then decide before- 
hand, without empiricism, or a possibly faliri experiment, 
under what circumstances and to what constitutions it 
would be noxious. 

The fact that lightning-conductors arc often successful 
is ample justification for their use, but it will be far more 
satisfactory when, by help of laboratory experiments and 
theory, one understands all the laws of great electrical 
discharges, and can provide with security against their 
vs^aries. 

These things are truisms, but it would seem to be 
sometimes necessary to utter truisms. 

Sometimes one hears a judgment such as this ; “ Yes, 
he is a very good man in some ways, but he is too much 
of a theorist." And then there is a sapient shaking of 
beads, as if the term “theorist” were an intelligible term 
of abuse. You suppose it means that the wretched man 
knows too much about the mode of working of things ; too 
much about the strength of materials, too much about 
graphical statics, if he is engaged in building a bridge ; 
but if you ask the meaning of the fatal term, you 
find it explained in some such way as that “ he does not 
attend to details,” or “ he does not look after his work- 
men,” or “ho accepts rotten materials” Then why not 
apply some term which shall legitimately mean these 
things, such as careless, or lazy, or ignorant, or un- 
business-Jike ? Probably the word “ theorist ” as a term 
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of ^buse \s meant to eupfaetnisticaUy imply all these 
thiegb. IT so^ it is a foolish euphemism. 

There are certain notable theorists who are so eminent 
that no one is willing to stultify himself by abusing them ; 
and inasmuch as the superabundant energy of some of 
these men often leads them occasionally out of their 
tnain pursuits into alien fields of activity, wherein never- 
theless they frequently shine as the equals or superiors 
of amaller men whose life-work lies in the same heldSi 
it is becoming customary ' to ingeniously attempt to 
exclude them froni^ the class it is wished to denounce, 
and to include them in the circle wherein they are 
coniparattvely amateurs or dabblers. 

At the recent meeting of the British Association the 
old joke was repeated about claiming Sir William Thom- 
son as an electrical engineer instead of a physicist and 
mathematician. This is alt very well as a joke, but the 
British public is too apt to take these things in sober 
earnest. The range of activity of a pre- eminently great 
man is frequently not a narrow one, and he is extremely 
likely to shine in whatever he takes up, even if it be only as 
a pastime, or as relief from more serious work. Sir Isaac 
Newton made an excellent Master of the Mint. Perhaps 
therefore, in his day, City men claimed him as essentially 
one of themselves. Sir William Thomson has amused him- 
self with navigation, as well as with electrical engineering. 

This outcry against theory is becoming absurd. It 
used to he confined to the conclusions of mathematics. 
It is indeed still rampant there, but it is being ex- 
tended also to conclusions deduced in the laboratory. 
Everything done in the laboratory or the study is 
looked at with suspicion. The right place to study the 
laws of steam-engines is on a locomotive. The right 
place to study marine engineering is in the hold of a 
steamship. The only place to study lightning is in a 
thunderstorm. 

Give out these plausible fallacies w'ith a certain unction 
to a British audience, atid you will evoke *Moud ap- 
plause/^ It is 80 easy to evoke loud applause by talking 
pernicious but plausible nonsense. Your British audience 
hates to think, and likes to have its stupidity tickled by 
some after-dinner sentiment, which makes it feel that, 
after all, no one really knows anything about anything ; 
that whoever professes to understand a subject theoretic- 
ally is fact^ a quack ; and that the only difference 
between itself and ever)^body else is that some people 
cloak their ignorance under a show of learning and 
, mathematical formulae. These humbugging theorists 
may therefore be cheaply derided. There is a lot of 
arrant humbug stowed away now and then under a mathe- 
matical cloak,” said a technical paper the other day. 

‘And what of the ** practical” man? Any man who 
talk^ sense and goes to the bottom of things, so as to 
really understand and to be able to explain what he 
means and how things are, is essentially a practical man. 
On© class has no right to monopolize this adjective. A 
rhatheniatician may make statements according com- 
pletely wrth*fticts and phenomena, and leading to the most 
complete understanding of every-day truths. An empiric 
may utter the most glaring absurdities, utterly out of 
Harrhony with anything in heaven or earth, or under the 
earth. Is Prof. Stokes therefore to be styled unpractical, 
and Prof, (shall we say) Pepper practical ? 


Push the timtter tor aitLextreme/and you^ am ^tnunciste 
sentences you want to know about stenm* 

engines and* eon^bnd locomotives, you must go, not to 
theorists like Bj^kine^ or Unwin, or Couerill, or even to 
Mr. Webb. The driver of the Scotch express is the 
man really ’able to give you trustworthy and' practical 
information. 

If you want to know the principles underlying' the con- 
struction of ships, and why some ships go quicker than 
others, do not think of applying to the writings of the late 
William Froude with his nonsensical paraffin toys, but 
consult the captain of the Umbria or the City 

We have set down these sentences as a reJuctia ad 
absurduta of some of the claims set forth tn favour of 
empiricism as against science, under the specidis aitd 
plausible heading of practice against theory : but realiy 
they are not a whit more absurd than much that is 
seriously argued ; and were they proppunded under 
favourable auspices to an average British audience, they 
would very likely be swallowed without nausea. The ex- 
i periment is almost worth trying, only it would be difficult 
I for anyone himself faithless to avoid some suspicion of 
irony, which would be fatal to success. 

Space may be afforded for a few more very brief extracts 
from some of the engineering and technical journals 
during the past month. The first is so choice as to need no 
comment : — “ The world owes next to nothing to the man of 

pure science The engineer, and the engineer alone, 

IS the great civilizer. The man of science follows in his 
train.” This doctrine is explained and illustrated by 
insistence on the futility of Faraday’s work in connection 
with magneto-electricity, until taken up and realized by 
the practical man. 

In the same paper, a week later, occurs the following 
** No one knows anything with certainty about lightning 
outside of the common knowledge possessed by most 
fairly educated people.” And again, “We fail to see that 
what is true in the laboratory must be true out of doors,” 

This is interesting as an almost exact reproduction of 
one of the historic objections made to Galileo’s unwelcome 
discovery of Jupiter’s satellites^ It was then fiimilarly 
maintained that, though the telescope was all ytty well 
for terrestrial objects, it was quite misleading #hcn appHcidi' 
to the heavens. 

An instance of a converse proposition is told in a recent 
popular work on astronomy (is it Sir R. Ball’s ?), about a 
farmer and amateur astronomer, who came to the writer 
with a revolutionary system of astronomy, based upon a s 
number of observations which he had taken with a sex- 
tant of the altitude of the heavenly bodies. The gentkmatt 
had thus found that the generally received dpmlon icbpiit 
the distances of the fixed stars was extremely citoneohs, 
But on inquiry it turned out that his altitudes 
calculated on the common-sense and well-known Fact 
sixty-nine miles make a degree. Finding it imposftlliika to 
get the gentleman to put his mind into on atritudkltM' 
receiving any instruction on the theoretfod of thte? , 

measurement of angles, the representative oFthe ortliod)S^ 
clique who impose their statements on the world as 
thing more trustworthy than common / 

vailed on the gendeipan to apply his smetant to dewnifef , 
the aUitade of his own bam. This rBducti» 
was avoided, however, and the ovefthrinr of / 
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afitroDomy succesrfulJy waintained^ by ’th# bd^sed-for 
convert failing to see that an a^raoonAlcal idsirument 
bad any s^pli cation whatever to teireauMd objects.” 

A paragraph recently inserted in an ehsctro-technical 
Journal^ with editorial sanction,' styles mathematicians 
‘*tbe accountants of science/’ and goes on in a tone less 
comic than bitter ;—** When ^aome young shaver'shoots 
off his school learning” uses spine mathematical 
operation or notation), “ I feel inclined to reply to him in 
Italiah, as both are as generally and completely understood 
in the Society of — '™.” Now if the subject under dis- 
cussion were, say, passages in Tasso or Dante, an Italian 
quotation would be very natural, and persons ignorant of 
the language would hardly be invited, or indeed anxious, 
to expn&ss an opinion. Is It not equally clear that when 
the 'subject-maUer is numerical magnitude and quantity, 
the appropriate language may sometimes have to be 
used ? 

It has always been customary, as we have before re- 
marked, for the empiric to fed some hostility to the 
mathematician, especially to the mathematician who 
endeavours to apply his powerful and beautiful machinery 
to the elucidation of fhe facts of Nature. But only 
recently has it become the fashion lo extend the same 
attitude of mistrust and dislike to the experimental 
worker in a laboratory. Both these hostilities probably 
have their root in an instinct of self-protection. Without 
them the empiric would be constantly suffering wounds in 
his self-esteem, and might lose confidence in his faith as to 
the universal prevalence of ignorance and the advantages 
of rule-of 4 humb. Fora man of the world professing a 
certain science to have to recognize a ceruin number of 
minds as immeasurably superior to his own, and their 
cancltisions in tliat very science as being almost certainly 
correct, although flatly opposed to his own instinct and 
traditions ; this is in miny cases intolerable. He cannot 
away with these great theorists, neither can he in his 
heart contemn them ; but he can do his best to deceive 
himself and others by extending to them euphemistic 
terms of abuse, and by pretending that he could do all 
that they do if only he thought it worth wnile. He may 
even go further, and flinging abroad a universal accusation 
of^ ignorance will easily delude a gullible public into the 
belief that knowledge is after all only a matter of opinion, 
and that what one man says is quite as good as what is 
raid by another. , , 

And in this procedure he is fairly secure against any 
retaliation from the great men. They are deeply and 
painfully conscious of ignorance in one sense ; their 
knowledge sits lightly upon them ; and .when broadside 
accusations of ignorance are hurled at them 
with the intention of pattii\g them on a level with the 
uh^ikh^ucted andi in quite another sense, ignorant ” 
re^sent It not ; scarcely recognizing, indeed, 
of tke 

T^ihokrfHty of the "practical toah " for the systematic 
methods of science Was at one time mainly 
because they it was ipainly 
tpo hfjfh for 

‘ W $mcft then 

; it is that ihk 

in hi* Ut^WfatOty'Ws wefl* ' 



But really, it may be rather' offensively suggested, what 
other attitude can be taken up? if a man is to be 
capable of getting schomcjs through Parliament, of 
impressing a jury, - and generally of playing to the 
gallery and becoming a power in the State, he oannot, 
unless very exceptionally endowed, have the aptitudes 
and powders proper to a man of high science. And yet it 
will never do to allow even to himself that the sjientific 
man is in his own line immeasurably above him. Such a 
reverent and submissive attitude would ruin his chance 
with the gallery at once. Swagger and a confident front 
are more than the tricks of the trade, they are the 
essentials to success. 

We are glad to recognize, however, that the recent 
outburst against the methods and conclusions of pure 
science is the work of the. catnp-fol lowers rather than of 
the leaders on the commercial side. There have been and 
are several cpnspicuous c>famples not only of the scientific 
man taking bigh position on the commercial side, but 
also of the commercial man taking a high position in 
the ranks of pure science. This interchange of indi- 
viduals, and the further rapprochement which the great 
extension of science into industrial life of various kinds 
has caused, and must in the future still further cause, 
are making it now clearly recognized how intinie^teiy pure 
science and the commercial applications of science are 
connected together, how great is their mutual dependence 
on each other, and how essential to the well-being of 
each is a close and friendly co-operation with the other. 

'rhese facts, and the friendly attitude of the leaders on 
both sides, render the attempt made in the rank and file 
to sow discord between the two great classes the more 
absurd, and must make it in the long run entii-ely futile. 

THt: MESOZOIC MAMMALIA, 

The Structure ami Classification of the MestmoU 
Mammatia. By H. F. Osborn. Journ. Ac, Nat, Sci, 
Thilmtc/ph/aj Vol. IX. No. 2. (Philadelphia : Pub- 
lished by the Academy, 1888.) 

I N the elaborate memoir before us, comprising eighty 
quarto pages of text, illustrated by thirty woodcuts 
and two plates, Prof. Osborn, of Princeton College, New 
Jersey, gives us the result of his researches into the struc- 
ture of the Mesozoic and allied Tertiary Mammals, based 
upon observations carried on both in America and 
Europe. As a rule, these Mammals are of small size, 
and arc mainly knowm to us by more or less imperfect 
jaws and teeth ; by far the greater number of specimens 
consiating of the lower jaw or mandible. Now, it is well 
known that even in groups of the smaller Mammals 
whiciiare well represented at the present day, such as the 
Shrews among theInsectivora,or the Bats* it is almost, if 
not quite, impossible to recognize many of the genera, lo 
say nothing of the species, when we have to deal only 
with a series of fossil or sub-fossil lower jaws froni the 
cavern or later Tertiary deposits. And if this be so in 
groups with which are well acquainted, the difficulty 
is of course increased many times over when we have to 
deal with forms having no close analogues among the 
existing fauna. The puzzle is further increased by the 
dMaiHfry of raftarring such portions of upper jaws as are 
more rarely found to the species indicated by mandibles ; 
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and this induces a great danger of founding species or 
higher groups upon the evidence of upper jaws, which 
cannot be decisively shown to be distinct from those 
founded upon the evidence of the mandibles. Prof. 
Osborn, as will be noticed below, has not altogether 
steered clear of this danger ; and we consider it would 
be advisable in delicate researches of this nature to lay 
down a rule that family or higher groups should only be 
formed upon the evidence of homologous parts, even if 
genera and species have been named upon the evidence 
of dissimilar parts of the skeleton. 

Before, however, proceeding to any detailed criticism, 
it will be advisable to take a brief survey of the memoir 
before us, and to note the scheme of classification which 
is proposed. The memoir begins with a survey of 
previous work on the subject, especial attention being 
directed to the labours of Sir Richard Owen in Europe, 
and to those of Profs. Cope and Marsh in America. On 
the second page (187) a table is given of all the 
described genera of Mesozoic Mammals, which include 
forms from Europe, America, and South Africa ; 
together with certain allied Tertiary genera from North 
America and France, and ThylacoUo of the Pleistocene of 
Australia. We may add that since this memoir was 
eent to press, forms allied to those of the North American 
Eocene have been described by Sehor Ameghino in the 
Teitiaries of the Argentine Republic. The next section 
is devoted to a detailed description of the British forms, 
in which certain generic terms, proposed by the author 
in a preliminary communication, are fully described and 
illustrated. We may here mention that the author tells 
us that the process of passing his memoir through the 
press occupied an unusually long period, during which 
certain other memoirs appeared on the subject ; and that 
he thus saw occasion to modify in some respects several 
statements made in the earlier part of the work, footnotes 
being usually appended to this effect. 

After the descriptive portion we come to what is really 
the most important section of the whole memoir — namely, 
that headed the classification and zoological* relationships 
of the Mesozoic Mammalia. It is here observed that 
these forms may be divided into two large groups. ** In 
the first group, one of the incisors is greatly developed 
at the expense of the others, and of the canine, which 
usually disappears ; behind these teeth is a diastema of 
varying width, followed by premolars which are subject 
to great variation in form and number, while the molars 
bear tubercles. In the second group, the incisors arc 
small and numerous, the canine is always present and 
well developed ; the teeth usually form a continuous 
series, and the molars bear cusps instead of tubercles.^^ 
These two groups are compared to the Diprotodontia and 
Polyprotodontia, among existing Marsupials, and the 
following scheme of classification is proposed : — 

A* First Group. 

1 . Sub-order MuUituberculata . 

1, Family PtAotAULACinjE . — Mkrokstest PlaHaulax^ 

CUnaepdon, PHlodus^ Ntopla^iaula^^ Minheoss^usy 
and perhaps Thylacolto. 

2, Family B01.000NTIDA. — BolodoHy AUodony]' and 

perhaps Chirax. 

3, Family Tritvlodontjd ^.— Trigiyphusy 

4, Family POLYMASTODONTID.®. — Polymaskdon. 
lHC€rt€s tedis — CAirpx, 
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B, Second Group. ' 

I. Order IProtodonta. 

Family DaoMATHERnDj®.— Mkrp* 

COHddCH* 

II. Sub-order Prodldelphia. 

1. Family TRicoNODoNTtDiE. — AmphiUA^Sy Am^itylus, 

TricanodoHy PriacodoHy Phascphihtfium, ^nodon^ 

Spalacoiheriumy Menacodon. 

2. Family AMrHiTHKRnD/«.---4«/A*MmVw, Dkrocy- 

ft^don {Diplocynodon\ Docodony EnneodpHy Peramus, 

3. Family PERALESTiDiE. “ Ptralestesy PeraspalaXy 

Paurtuion, 

4. Family Kurtodontid^— 

III . Sub-order Insectivora Primitiva. 

1. Family Amblotheriid^K . — Ambloiheriumy Acky- 

rodpn. 

2. Family Stylacodontida. — Styla€odmy Phaseolestesy 

DryolesUSy Asihenodon» 

Incerta stdis — Laodon^ 

The Multituberculata, excluding Thylacoieoy extend in 
time in Europe and North America from the Upper 
Trias to the Lower Eocene, but the recently discovered 
South American forms may be of later age. In dis- 
cussing the relationship of this group of families on 
p. 212, the author states that, admitting their Mar- 
supial relationship, it is clear that the genera are closely 
related to each other, and widely separated from the 
Diprotodontia by their dental structure, which is very dis- 
similar, and indicates that they probably branched oft’ 
from the stem of the recent Marsupials at a remote period, 
probably [the Triassic." They are accordingly regarded 
on the following page as a sub-order of Marsupials, 
characterized by the tubercuiated characters of their 
molars. If, however, as suggested on p, 214, ThylacoUo ^ 
which is evidently only an aberrant and specialized 
Phalanger, has any sort of relationship to the Plagi^ 
aulacidccy then it will be evident that this group cannot 
be even subordinately separated from the Diprotodonts 
Further observations upon the relationships of this group, 
are given upon pp. 251 and 254, the latter section having 
evidently been written subsequently to the earlier sections. 

On the former page evidence is adduced to show that in 
some of these forms the first upper incisor has been lost, 
and the second becomes hypertrophied, whereas in ex- 
isting Marsupials it is the first which always persists and 
becomes enlarged. There is no evidence as to the serial 
homology of the lower incisor. On p. 254 and the 
following pages, the suggestion of Prof. Cope, based on 
the resemblance of the molars of the Multituberculata to 
the aborted teeth of Orniikorhynchus^ that these fotSns 
may be Monotremes, is discussed at some length, but wi^- 
out any definite conclusion being reached. We presume, 
however, that in writing this part of the memoir the 
author had come to the conclusion that the relatioiiijtiip 
of these forms to ThylacoUo is altogether a myth. It is, 
however, at first sight not very easy to believe tliat the 
general similarity in the structure of the cutting fourth 
premolar in the Multituberculata and the modem DiprotiO^ 
dontia is not indicative of a real affinity between the turn j V 
and as to the argument that the pecnliat structure of the / 
two molars is of itself sufficient to injdlcate tlfo ^ 
ordinal distinction of the Multituberculata, we 
a sub-order which contains such different ' 

dentition as are shown by Afucra/w, ^ 
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colarctui^ and Pkmcohmysy could surely also find room 
for the MultitUberculate type. The evidence of the 
homology of ^ incisors is^ however, a weighty one in 
the author’s favour. 

Prof. Osborn places the Triassic Micrclesies with the 
Piagimuladda rather than the Bclod&ntid€B^ but we think 
the existence of a cutting fourth lower premolar ought to 
be proved before this view can be definitely admitted. 
There may also be considerable hesitation in accepting 
the view expressed on p. 2 17, that there are five preinolars 
in the upper jaw assigned by Prof. Marsh to CUnacodon; 
but beyond thcM and other small points the author’s 
classification of this group appears to commend itself. 

We cannot say the same in regard to the classi* 
fication of the second group, which, as we have 
seen, it is proposed to split up into one distinct order, 
into one sub-order provisionally referred to the Mar- 
supialia, and a second assigned with more hesitation 
to the Insectivora. In this group the author has, we 
venture to think, found diitferences which, if they exist at 
all, are by no means of the importance he attributes to 
them ; while at least one case occurs to us, where, to say 
the least, there is a considerable presumption that speci- 
mens assigned to the two sub- orders may really be refer- 
able to a single genus. Sufficient account does not, 
indeed, appear to have been taken of the variation in the 
dentition of different recent genera of Marsupials which 
are usually included in a single family ; as, for example, 
Thylacinus^ Dasyurus^ and Myrmecobius among the Poly- 
protodonts, and Pkalanger^ Pseudochirus^ and Phascol- 
arcius in the Diprotodonts. In the case of obscure fossil 
forms like the present, it appears to us that there ought to 
be the greatest hesitation in making groups of higher 
value than family rank ; and that even in the case of 
families their limits ought to be much more loosely , 
drawn than among existing forms, where we have full 
evidence before us. It is, indeed, far more advantageous 
to keep all such obscure forms more or less closely 
Associated until absolutely decisive evidence is forth- 
coming as to their right to wide separation. In the 
present instance, however, the author has, to put it in the 
mildest form, by no means adduced any such decisive 
evidence ; while, as already mentioned, there is a strong 
presumption that in certain particular cases he has widely 
separated closely allied, if not absolutely identical, forms. 

The first so-called order— the Protc^onta — is formed 
for the rec^ion of the American Triassic Dromatherium * 
and Aficroff^fivdbn; if, indeed, the latter be really entitled 
to generic distinction. The grounds for the ordinal 
distinction of these forms are that the roots of the cheek- 
^leth are not fully divided ; but stronger evidence than 
this is required before these obscure forms can bo definitely 
regarded as entitled to constitute more than a family. 
And even if they belong to an order distinct from the 
Marstipials, there is no evidence to show that they are 
not.Monotremes, or perhaps rather Prototberia. 

, The sub-order Prodidelphia is defined as including 
ptfimkive Marauplals, generally characJterited by the pre- 
sence of four premoUrs and numerous molars, the latter 
havioif distinctly divided roots. It is, however, added (on 
{K / that “no definite sub-ordinal character can be 
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assigned ; but in view of the retention of several features, 
and of their ancestral position, these Mainmals may be 
distinguished from the recent Marsupials as the sub-order 
Prodidelphia.” In our own judgment, the formation of a 
large group which confessedly cannot be distinguished 
from one already established is unjustifiable, and not 
conducive to any advantage. The first family of this 
group is the Triconodontidcs, in which, as shown above, 
our author includes a large number of genera. The 
genus TrUonodon^ together with the allied or identical 
American Priacodon^ has, however, such a totally difforent 
facies from all the other forms, that we are inclined to 
follow Prof. Marsh in regarding it as alone constituting 
the family. We are, morever, rather at a loss to fiind the 
value of the characters which Prof. Osborn regards as 
distinctive of the enlarged family ; for, whereas he states 
m the definition of the family (on p. 227) that the^* condyle 
is low,” on the opposite page the genus Amphitylus is 
described as having the “ condyle lofty.” Some very 
interesting observations are recorded (p. 198) as to the 
changing and development of the teeth in Triconodon^ in 
which it is concluded, as had been previously indicated by 
Mr. O. Thomas, that the replacement was limited, as in 
modern Marsupials, to a single premolar ; while it is further 
shown that in many instances it appears probable that the 
last true molar was never developed. In classing P/tascth 
iothenum^ of the Sionesfield Slate, in the Triconodontidte^ 
the author appears to have been greatly influenced by 
regarding Triconodon as having the condyle placed low 
down on the mandible. We have, however, considerable 
doubts whether this is a character of much importance, 
as it varies so much in the allied Phascolotherium and 
Ampkiiylus. In considering that the whole of the seven 
cheek-teeth of Phascolotherium are true molars, the author 
departs very widely from the view taken by Sir R. Owen, 
and a great deal more evidence is required before it can 
be considered proved that at least the first two of these 
teeth are not premolars. 

In making such mention as space permits of some of the 
other genera, we must take those included under the Prodi- 
delphia and the so-called Insectivora Primitiva together. 
In this connection it appears that a great deal depends on 
the interpretation of the dental characters of the original 
genus Amphitherium^ to which Prof. Osborn refers the 
fragment of a mandible figured on p. 192. It is stated, 
with great fairness, that when the author examined this 
specimen he regarded it as totally distinct from Amphi- 
therium^ but that comparisons of his drawings with 
figures led him to change his opinion. On p. 192 it is 
observed that “when these mutilated crowns [of the 
type] are compared with the perfect crowns of the newly- 
acquired jaw, there can be no doubt that they belong to 
the same pattern. If this be the case, the latter specimen 
is of great interest, as it enables us for the first time to 
fully characterize the molar dentition o( A mphitheriumJ* 
We have purposely italicized portions of the above sen- 
tences, since they show a somewhat curious instance of 
the author’s method. Thus, in the first sentence the 
teeth of the new jaw are definitely stated to be of the 
type of those of Amphitherium^ wliile m the second a 
provisional clement is introduced ; and yet subsequently 
this jaw is again definitely taken as afifording the true 
structure of the Amphitkerium molar. Far be it from us 
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to aiy that this jaw does ootbcJong to Amphi^ktrium-^ 
it tory jjrobably does ; but it certainly does not afford 
diwisive evidence on which to base an extensive supers 
structure, and to make Amphytkefitim the type of one 
while Avtphitylus and Amphilestes (regarded by 
Owon as closely rpJaied to the former) are referred to the 
Tricmoihntidte. Then, again, exception may be taken 
-to the interpretation of the molar structure in the jaw in 
'question. Prof. Osborn regards the teeth as consisting 
of two cusps and a talon in line, approximating to the 
fashion qV Amphiledcs ; but to ns they appear to re- 
semble those of the Upper Jthrassic genus Aiubloike- 
in which the molars consist of a trilobcd blade 
and a posterior talon. Now, A mbioiherium is made the 
representative of a family which is taken as the type of 
‘the IiisectJN’ora Primitiva. Apart from the question of 
what really is, the molar teeth of Anthio- 

ih?rium^ as already said, differ considerably from those 
Amphilcdes (Prodidclphia) ; but, since precisely ana- 
logous differences occur ’ ^ a single family of existing 
Marsupials, these differences do not appear to afford 
grounds for even family, let alone ordinal, distinction. 
No definite characters are, indeed, given by which the 
Inseciivora Primitiva (p. 235) «ire to be distinguished 
from the Prodidclphia ; and if we compare the figure of 
the mandible of Amphitestes^ given on p. 228, with that 
of Am'Mothcriumy represented in Plate ix., Fig. n, the 
resemblance in the contour of the posterior portion of 
the jaw is so close that scarcely even generic distinction 
could be drawn from this part. The conclusions drawn 
from this portion of the jaw in the diffeient forms are 
indeed very remarkable. I’hus we have already noticed 
how the low condyle is given as a character of the 
Tritylodofitid{P^ and yet the feature is totally wanting 
in the first genps, AmpkUestfs^ which agrees exactly with 
Ambloiherum in its lofty condyle. The alleged broad 
and narroM* coronoids of the two forms may be in great 
part due to the effects of pressure. The absence of in- 
flection in Uie angle of Ambloiherium is shared by some 
of the forms included in the 7ricimodmUd<i;, Then, 
again, we arc totally unable (after repeated examinations 
of the types) to see how the lower jaw, on which Pern- 
sptdnx' was founded, can be even generically distin- 
guished from Ambhtkcrium^ the dental formula being, 
wich the exception of an additional lower molar, identical ; 
and yet the one genus is referred to the Prodidelphia, 
and the other to the Insectivora Primitiva. As another 
instance, 'the general similarity in the structure of the 
lower molars of Spahuot her turn to those* of Ckrysmhlorts 
coupled with an analogous similarity existing between the 
upper ones of PeraksUs and those of the same existing 
genus, suggests at all events a very considerable prosump- 


thc redtfetiem of its lov^^er incisors to the Eutkeriam three, 
was the very one which had a claim to such a position. 
In regard to the new genus of the 

Kurfodontidd--^^ can only say that there appearS'to us 
to be no evidence that the upper jaws on which it is 
founded may not belong to one of the gdnera named on 
the evidence of the mandible. 

Other points might be noticed if space permitted ; 
but we have indicated enough to show that a great 
deal more must be absolutely proved before fftany 
of the genera admitted by Prof. Osborn can .be' even 
allowed to stand as definitely distinct ; while, as to 
the proposed division of the Polyprotodont forms into 
Insectivora and Marsupialia, we have shown that in its 
present form it breaks down hopelessly at every point, 
aUhcnigh we are far from saying that all the known formal 
are certainly Marsupial. It appears, how'ever, desirable, 
till we attain much fuller knowledge of their organuation, 
to leave a large proportion of them in a single ill* defined 
family. 

In criticizing this memoir we have not hesitated, in 
what appear to us to be the true interests of science, fo 
speak freely. We should, however, be unjust if we 
failed to recognize the amount of labour of a very try- 
ing kind which the author has bestowed on tl>c subject ; 
and we especially commend the value of his observations 
on the Multituberciilata. It is also a decided advantage 
to have all the American and European forms compared 
together by one who has had the good fortune to study 
so many of the types from both areas. Finally, no one 
can fail to be struck with the excellent illustrations with 
which the monograph is adorned, a large number of 
which, we believe, are from the author’s own drawings. 


EARTH SCULPTURE, 

Lcs Formes du Teirain, Par Lieut. -Colonel G. De la 
Noe, avec la collaboration de Emm. dc Maixcrie 
2 Vols. (Text, pp. 205 ; Plates xUx.). (Pajis, 

T he origin of the features of the earth's suiiface must 
always prove an attractive subject no less to the 
geographer than to the geologist. I'hti one describes at>d 
the other expounds ; and the work before us is an admir^ 
able example of what may be done by the joint lahonrs <iif 
geologist and geographer in illustrating and explamitig 
' the form of the ground. 

j In turning over the pages of the work, and 'm contem- 
plating the many instructive diagrams and piotorkd itto- 
! trations, one is prepared for a more exhaustive treatme«U 
j of the origin of scenery than U really to ht' found in. thiMc 
I volumes. So far as the geologist is conceFRed,^1te 
is mainly a treatise on sub-aerial deaudation, and widti 


tion that the two fossil genera may be identical. We find, ! special reference to France. It is alihost entirety s»cCtt|»fod 
however, Spah^cotherium placed in the Tricomdontider^ ' with the method of denudation by raitt at»d iiver»^4Uld widi 
while FeralesUs is made the type of another family of the ! an account of the feaUires which they orlgmatci. We |Wf*e 
Prodidelphia, which includes the above-mentioned Pern- told how different rocks are dlsintegfvtid by sutfoch 
spaUtx\ Now, even if the above obvious resemblance is agencies, and how the broken mabertol it alketwardi 
ignored, we totally fail to see any reason for including transported by streams. Attention Is especklty ealM 
Spalacoihmum in the Trkonadontides, and agree with to the action of running water on rocke of tiaryfap 
Prof. Marsh in regarding it as the type of a distinct racter and mclinaticm, to the tnittftwee of 
family. If, moreover, any of these forms are to be j preserving slopes at certain 

referred to the Insectivora, we should have thought that of rain in diminishing the angle of slopes, tfievfoitwisde 
Spitiaadkmtem, with its CkrysochUris-hkt molars, and of climate is dwelt upon, and it is ^OWd ti6w the 
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Ikbie ttrsui are characreTued by dry valleys and few 
water-cfntraeft, while the impermeable beds support 
abundant atreams. 

The relations of disturbed strata, of anticlinals and 
synclinals to valley and hill^ are duly noted ; £Lnd it is 
pointed out how the flow of rivers is detorroined by the 
lie of the land when it is upraised from beneath the sea- 
level, and that in few cases are their courses directed by 
fapUs or fractures. The authors explain the recession of 
escarpments by the undermining or undercutting of softer 
beds and the production of landslips ; and they note the 
influence of lateral streams in eroding these softer strata 
at the foot of the hills, a subject illustrated by reference 
to the Wealden area and other districts. 

Little is said about marine denudation, for the action 
of the sea is essentially limited to the deatruction of 
cliffs along its margin, and to the formation of marine 
platforms. Concerning great plateaux of abrasion,” or 
so-called plains of marine denudation,” the authors 
express their opinion that it would be wrong to attribute 
their formation exclusively to the sea, for they consider 
that the prolonged action of sub-aerial forces is to reduce 
the land to a level Nor do the authors attribute great 
excavating power to glaciers. In their opinion these 
icy agents occupied and modified old valleys, and have 
not always effaced the pre- Glacial alluvial deposits ; and 
they see little evidence of post-Glacial erosion. In these 
respects their observations are based on local and* 
limited evidence ; for in this country, although the main 
features were marked out in pre-Glacial times, there is 
abundant evidence of denudation by glacial action, and 
subsequently in times when the ice had done its work. 

The autitors have clearly pointed out that the topo- 
graphical features are as a rule in direct relation with the 
geological structure ; indeed, the form of the ground is 
one of the most important guides to the field-geologist in 
his delineation of the superficial distribution of the rock- 
masses. Nevertheless, in the explanation of the origin of 
our scenery, there are many points concerning the original 
extent of each formation, and the changes in texture 
which the rocks have undergone, that are but briefly, if 
at all, noticed in this work. In this respect, however, each 
country must be studied ip detail before the complex 
history of its physical features can be deciphered, 
The^pre»enc work, as before stated, deals mainly with 
the mode in which rain and rivers sculpture the surface 
of the .earth; It is an instructive summary of what is 
known on this supported by original observations 

and by references to the principal authorities, and illus- 
^ trirted in a far more sumptuous manner than has ever 
been al:tein^ned in this country. H. B. W. 

at/Ji BOQiC SN£JLF. 

nymal By Russclf Hinman. 

York: Van Antw<y:p, Bragg, and Co.,‘ 

To ?dithor's preface, " The aim of this book 

briefly iVhat we know or surmise concerning 
causes of the more cotnmbn and familiaT 
observed at the earth's snif^ace.^ The book 
au introduction to the general laws of i 
^ e^h outlines of ^ . pfoperties of 
Iku^Mnr and tim various forms of energy am given. The 


earth is then treated as a planet ; its relation to the sun and 
stars, and the nature and results of its movements, being 
described. Next come chapters on the atmosphere, the 
sea, the land, meteorology ; and finally, the various forms 
of life. The causes of the movements of the atmosphere, 
sea, and land, and their respective effects, are all clearly 
stated. Brief outlines are given of the gradual disintegra- 
tion of terrestrial rocks, and the subsequent transporta- 
tion and accumulation of the products. Fossils and 
their teachings also receive attention. In short, nothing 
of importance has been omitted. 

The general plan of the book bears a considerable 
resemblance to that suggested by the syllabus -of the 
Science and Art Department’s course of elementary 
physiography, and with a teacher to extend the preli- 
minary chapter on the forms of energy, would form an 
admirable text- book for that subject. The order in 
which the subjects are taken is practically the same, and 
is obviously the most natural and rational. 

The chapters on the forms of life and their distribution 
will prove of special interest to young students or general 
readers. There is a good outline of the development 
theory, and of what we know of man from prehistoric 
times. 

The book throughout is illustrated by a great number 
of drawings, maps, and charts, which not only beautify 
but illustrate the text in a most admirable manner. The 
charts are drawn on three different systems of projection, 
each system being applied where it is most suitable ; and, 
what is very important, the different systems are fully 
explained. A book like this cannot fail to impress the 
reader with a due sense of the importance of diagram- 
matic representation in facilitating description. The 
various sectional drawings are especially valuable in 
this respect. 

The book thoroughly deserves the highest praise, and 
as an introduction to the study of science must certainly 
rank among the best- 


LETTERS TO THE EDITOR. 

\_Tke Editor d^s not hold himstlf rtsponsibU for opinions 
txpnssod by his corrtspondonts. Neiiktr can ho utider^ 
iakt to return^ or to corrospond noith tht writers of, 
rejtcted manuscripts intended for this or any other part 
of Naturx. No notice is tahen of anonymous commsmi- 
cations.] 

Prophetic Oerme. 

Phof. Uav LanKestkr has mistaken me. When I said in 
my last letter of October 8 that “all organs whatever do 
actuallv pass through rudimentary slages in which actual use is 
impottlble,” 1 referred specially to the emhryological develop- 
ment of the individual. This is a fact which cannot be denied, 

, But on the Darwinian bypolhesU this fact applies equally to the 
\ birth of species—- which are nothing but the passing results of 
individual variation. If true now of all individuals, it must, on 
that hypothesis, ha\e been true of them for all time. 

Inheritance is no explanation of this fact. It is mercl]^ ore 
part of . the fact separately stated. Neither is ** correlation of 
grow th ” any exf^anation of it. This, again, is a mere phrase 
stating In another form the very fact which it pretends to explain. 
All organic growths are “correlated.” But with what? First, 
with fad) other ; and, secondly, with some combined use, which 
invariably lies in the future when such growths begin. “ Corre- 
latron of growth ” is the law under which “ prophetic germs ” 
begin to be developed ; and thia prophetic character becomes 
all the more marked in proportion as we carry back existing 
lorms of life to the forms which were primaeval. It is a favourite 
idea among the .disciples of Darwin that the embryoloeicid de- 
velopment of individuals represeou in epitome the whole history 
of orunio lUe. 1 do not see why they should object to it when 
It leads ui to the conclusion that the whole organic world fuust 
have begun bt germs winch were prophetic— that all organs 
k»05t have coma into being before they could be used. 

Axcvlu 
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Definition of the Theory of Neturel Selection. 

In his Presidential adilrcss before Section D of the British 
Awociation, Mr. Dyer is reported to have said, while alluding 
to myself “ He has startled us with the paradox that Mr. 
Darwin did not, after all, put forth, as 1 conceive it was his own 
impression that he dfid, a theory of the origin of species, hut only 
of adaptations. And inasmuch as Mr. Romanes is of opinion 
that specific differences are not adaptive, while those of genera 
are, it follows that Mr. Darwin only really account e<l for the 
origin of the latter, while for an explanation of the former we 
must look to Mr, Romanes himself” (Nature, September 13, 
p. 476). 

It is here stated ; (t) that in my opinion specific differences are 
not adaptive ; (2) that I regard Mr. Darwin’s theory as explain- 
ing the origin of genera, but not the origin of species ; and 
(3) that, consequcrUly, biologists are virtually invited by me 
to accept the theory of physiological selection as a substitute for 
Mr. Darwin’s theory of natural selection, in so far, at all events, 
as the origin of species is concerned. 

In direct contradiction to all these statements I will now quote 
passages from the paper with reference to which they are made. 
It would be easy for me to add further quotations to the same 
effect under each of the three heads, but the following wilt be 
sufficient to serve the double purpose which I liave in view*— 
namely, first to correct misrepresentations, and next to furnUh a 
basis for further rcmarlts upon the subject. The italics have 
reference only to the former purpose. 

^i) and (2). — ** It [the theory of natural selection] is not, 
strictly speaking, a theory of the origin of s^tcus : it is a theory 
of the origin — or, rather, of the cumulative development — of 
adaftaii0nsj whether these be morphological, physiological, or 
psychological, and whether they occur in species only, or like- 
wise in genefa, families, orders, and classes. 

** I'hese two things are very far from being the same ; for, on 
the one hand, in an enormously preponderating number of 
instances, adaptive structures are common to numerous species ; 
while, on the other hand, the features which serve to distinguish 
species from species are, as wc have just seen, by no means 
i$$variabiy~^ot even j^encrally — of any adaptive character. Of 
course, if this were not so, or if species always and only differed 
from one another in respect of features presenting some utility, 
then any theory of the origin of such adaptive features would 
also become n theory of the origin of the species which presented 
them. As the case actually stands, however, not only are 
specific distinctions v^ry ofUn of no utilitarian meaning ; but, as 
already pointed out, the most constant of all such distinctions is 
that of sterility, and this the theory of natural selection is con- 
fessedly unable to explain. . . . In so far as ftqtuml selection 
has had anything to do with the genesis of specUsy its operation 
has hfeny so to speaks incidental : it has only helped in the work 
of originating species in so far as some among the adaptive 
variations it'hieh it hax preserved happen to have constituted 
differences of only specific value. But there is an innumerable 
multitude of other such differences with which natural selection 
can have had nothing to do— particularly the most general of 
all such diiferences, or that of mutual sterility ; while, on the 
other hand, by far the larger number of adaptations which it has 
preserved are now the common property of numberless species. 
But let me not he misunderstood. In saying that the theory of 
natural selection is noty properly speakingy a theory of the origin 
of sfeeksy I do not mean to say that the theory has no part at 
all tn explaining such origin. Any such statement would he in 
the last degree absurd. What I mean to say is that the theory 
is one which explains the origin or the conservation of adapta- 
tions, whether structural or instinctive, and whether these occur 
in speciesy genera, families, orders, or classes. In so far, there^ 
fore, as useful structures are likewiie species-distinguishing 
structures, so far is the theory of their origin also a theory of the 
origin of the species which present them.” 

(3) “Let It, therefore, be clearly understood that it is the 
office of natural .selection to evolve adaptations«-^not therefore 
or necessarily to f-volve species. Let it also he clearly under- 
stood that in thus seeking to place the theory of natural sdccnon 
on its true lificat footingy / am tn no wise detracting from the 
importance of that theory. On the contrary, 1 am but seeking 
to releate it from the difficulties with which it has been hitherto 
itlw|itimBtely surrounded. ... 1 cannot feel that 1 am tumiivg 
traSer to the cause of Darwintsm. Oo the oontrory, 1 hope thus i 
to remove certain diflIovHies in the way of Dmwmian teaching ; 




I and 1 well know that Mr. Danvln himself would have bedn the 
first to welcome my attempt at suggesting another factor in, the 
formation of species, which, although quite ind^fudent of natural 
selection, is in no way opposed to natural selection^ and may there- 
fore he regarded as a factor supp/ementary to natural selection. . . . 
And here, as elsewhere, I believe that the co-operation enables 
the two principles to effect very much more in the way of 
species-makit^ than either of them could effect if working 
separately. On the one hand, without the assistance of physio- 
logical selection, natural selection would, I bdieve, be all but 
overcome by the adverse influences of free mterorosatng — in- 
fiuenccs all the more potent under the very conditions which are 
required for the multiplication of species by divergence of 
character. On the other hand, vit/iout natural seltcHan, physio ' 
logical selection would be powerless to create any tUfferenees of 
specific type, other than those of mutual sterility and trivial 
details of structure, form, and colour — differences wholly without 
meaning from a utilitarian point of view. But in their combina- 
tion these two principles appear to me able to accomplish what 
neither can accomplish alone*- namely, a full and satisfactory 
explanation of the origin of species.” 

Those quotations appear to me sufficient to prove the in- 
accuracy of Mr. Dyer’s remarks. But I should not have 
taken the trouble to notice misinterpretations of so absurd a 
kind, were it not that I have something more to say on the 
subject of which they treat. For Mr. Dyer, in his address, 
alludes to a recent criticism by Mr. Huxley, which also deals 
with my “paradox,” but does so in a very different manner. 
That is to say, the passages which Mr. Huxley devotes to 
this subject exhibit a much more careful cunsideratioi^y pf 
the points in it to which he alludes, as well as a manifest 
desire to state the issue fairly. I will therefore pass on to 
consider the criticism a.s it was originally presented bv Mr. 
Huxley, leaving behind the teralological reproduction of it by 
Mr. Dyer as effectually disposed of by mere quotations from ray 
paper itself. 

The substance of Mr. Huxley’s criticism, in so far as it 
apparently applies to me, is conveyed in the following 
words: — “* Favourable variations’ are those which are better 
adapted to surrounding conditions. It follows, therefore, that 
every variety which is selected into a species is so favoured 
and preserved in consequence of being, in some one or more 
respects, better adapted to Us surroondliigs than its rivals. In 
other words, every species which exists, exists in virtue of 
adaptation, and whatever accounts for that adaptation accounts 
for the existence of the species. To say that Darwin has put 
forward n theory of the adapution of spiecies, but not of their 
origin, is therefore to misunderstand the first principles of the 
theory. For, as has been pointed out, it is a necessary conse- 
quence of the theory of selection that every species must have 
some one or more structural or functional peculiarities, in virtue 
of the advantage conferred by which, it has fought through the 
crowd of its competitors, and achieved a certain duration. In 
this sense, it is true that every species has been * originated ’ by 
selection” {Proc. Hoy. Soc., vol. xliv. No. 269, p. xviii.). 

Now, in the first place, I have nowhere said that “ Darwin 
has put forward a theory of the adaptation of species, but not of 
their origin.” 1 said, and continue to say, that he has put 
forward a theory of adaptations in genei*al, and that where such 
adaptations appertain to species only<t.^. are peculiar to par- 
ticular species), the theory beoomes “ also a theory of the origin 
of the species which present them.’^ The only posaible mis- 
understanding, therefore, which can here be alleged against me 
is, that I fail to perceive it os a “ necessaiy consequence of the 
theory of selection that every species must have .some one or 
more structural or functional pHuliarities ” of an adaptive Or 
utilitarian kind. Now, if this is a misunderstanding, I must 
confess to not having had it removed by Mr. Huxley’s exposition. 

The whole criticism is tersely conveyed in the form of imp 
sequent propositions— namely, “Every sp^es which cxisu, exhiU 
in virtue of adaptation ; apd whatever accounts for that 
accounts for the existence of the species. “ My answer is Imwfee 
two^fold. First, 1 do not accept the premiss ; and nfatt rCvenif 
I 1 oanahow that the resnlting conclusion woh^ not oygr- 
turn my definition. Let us consider Biese two pointosepari^^ 
beginntiig with the Utter, at the one wUeh may be most fafiWy 
dSumed of. 

1. PnvnsicBaUy conoedingBtat “evert opiedm mtUlih 
exUtehivUtiieof adapmUonr 

theory of mmiral Sefect^on still 4 ioldi good, me ^ 7 
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basis of this concession, or on the ground of this assumption, 
the theory of natural selection is not shown to be primarily 
a theory of the origin of species. It follows, indeed, from the 
assumption— is, in fact, part and parcel of the assumption — that 
all Q>^es have been originated by natural selection ; bat why ? 
Only becaust natural stlecUon hat originated those particular 
adaptive features in virtue cf which species exist as species. It 
is only in virtue of having created these features that natural 
selection has created the species presenting them— just as it has 
created genera, families, orders, &c., in vjrtue of adaptive 
fe stares extending throu^ orogressively wider areas of taxonomic 
division. Everywhere ana «(!lually this principle has been pri- 
marily engaged in the evolution of adaptations, and if one remit 
of its work has been that of enabling the systematist to trace 
lines of genetic descent under his divisions of species, genera, 
and the rest, such a result is but fecondary or incidental. A 
wing, for example, is an adaptive structure which is formed on 
at least four completely different plans in different classes of the 
animal kingdom ; and it is the function of natural selection an 
a theory to explain all this variety of adaptive structure, 
with its infinite number of subordinate variations through 
the different forms in each class, whether " species*' or 
otherwise. Now, 1 say that such a theory is first of all a 
theory of the evolution of adaptations, even though it be 
concraed that all species exist in virtue of dtffe.dng from one 
another in respect of adaptations, and hence that the theory 
becomes also a theory of the evolution of species, as it is also a 
theory of the evolution of genera, families, &c. I'ake a parallel 
instance. If a man were to define the nebular theory as a theory 
of the origin of Saturn’s rings, an astronomer would tell him 
thdt his definition is much too limited. The theory is, indeed, a 
theory of the origin of Saturn's rin^ ; but it is so mcause it is a 
theory of the origin of the entire smar system, of which Saturn's 
rings constitute a part. Similarly, the theory of natural selec- 
tion is a theory of the entire system of organic Nature in rc'^pect 
of adaptations, whether these are distinctive of particular species 
only, or likewise common to any number of species. In short, 
it is primarily " a theory of captations wherever these occur, 
and only becomes also or “ incidentally " a theory of species 
in cases where adaptations happen to be restricted in their 
occurrence to organic types of a certain order of taxonomic 
division. 

This, 1 think, is enough to justify my definition in a formal 01 
logical sense. But as Mr. Huxley’s criticism involves certain 
questions of a material or biological kind, I should like to take 
this opportunity of considering what he has said upon them. 
Therefore I will now pass on to the second head of my answer. 

n. Hitherto, for the sake of argument, 1 have conceded that, 
in the words of my critic, " it is a necessary consequence of the 
theory of select ion that every species must have some one or 
more structural or functional peculiarities" of an adaptive kind. 
But now I will endeavour to show that this statement does not 
•‘follow os a necessary consequence’' from “the theory of 
selection.” 

Be it observed, the question which I am about to consider is 
not whether “every species which exists, exists in virtue of 
adaptation ” common to its genus, family, order, class, or sub- 
kiogdoni. The question is whether every species which exists, 
exists in virtue or some advantageous peculiarity " or adaptive 
advantage not shared by tls nearest allies. In other words, we 
are not disputing whether it is a necessary consequence of Mr.*" 
Darwin’s theory that all “species” must present “adaptations,” 
This, of coarse, I fully admit. But what we arc disputing is, 
whether it is a necessary consequence of Mr. Darwin’s theory 
that every species must present at least one adaptive” character 
<or combination of adaptive characters) peculiar to ifseff' alone. 
Now, such being the question, let us consider Mr. Huxley’s 
treatment of it. 

Most obviously “it follows ” from the theory of selection that 

every variety which is selected into a species is favoured and 
preserved in cons^uence of being, in some one ormore respects, 
better adapted to its surroundlhgs than its rivals.” This, in fact, 
is no more than a re-statement of the theory itself. But it does 
not follow that "every species which exists, exists in virtue of 
adaptation” peculiar to that spedes; i.r. that every species 
whkb exists, exists in virtue of having been selected'^ This 
nikf or may npt be true as a matter of fact : as a matter of 
logiic, the ittfarence is not deducible from the selection theory. 

variety which is iWr a species must, indeed, pre- 

sent some 1^ peculiar advantage ; but this is by no means 


eauivalent to saying, “ in other words,” that every variety 
which becomes a species must do so. For the Utter statement 
imports a completely new assumption — namely, that every 
variety which becomes a species must do so because it hu been 
selected into a species. In short, what we are here told is, that 
if we believe the selection principle to have given origin to some 
species, we must further believe, “af a necessary consequence,** 
that it has given origin to all species. 

Not to perceive a consequence so necessary is said to betray a 
fundamental misunderstanding of the first principles of Mr. 
Darwin’s theory. Perhaps, therefore, it is worth while to consider 
the matter from another and less formal point of view. 

It surely is no essential purt of Mr. Darwin’s theory to deny 
that isolfition (in all its kinds) may lead to the survival of new 
varieties, and so, in some cases, to the origin of new species, 
which need not necessarily present any change in the adaptivr 
characters respectively inherited from their parent slocks. Under 
isolation, and the consequent absence of wimt Prof, Weismanii 
has called panmixia, there is much reason to believe that new 
“ structural or functional peculiarities ’’ may arise (whether bv 
direct action of changed conditions, by independent variation in 
the absence of panmixia, or by both these principles combined) 
which are without any adaptive significance ; and I cannot see 
why it should be held to constitute any essentia) part of Mr. 
Darwin’s theory to deny that such is the case. No one, I sup- 
pose, will venture to express a doubt that there are named 
species, both of plants and animals, which have been forme*! 
under isolation, and which experiments — such as those recently 
made with our severally-isolated forms of British trout — wouUl 
prove to be but “ local varieties,” capable of being changed one 
into another by mere change of habitat, without any question of 
“ selection ” being so much as possible. Here it is the direct 
action of changed conditions which induces modifications of 
type sufficiently pronounced to take rank as distinct species in 
the eyes of a systematist ; and the only difference between aach 
a case and one where the modifications are due to independent 
variation is that in the former case their non-adaptive character 
admits of being proved by experiment. According to the 
general theory of evolution, there is no distinction to be drawn 
between a local variety and a new stjecies, save as regards the 
extent to which modification may have proceeded. If, there- 
fore, as in the case of the trout, mere change of habitat from one 
district of Great Britain to another (apart from any “selection”) 
is able to induce modifications sufficient in amount to have been 
ranked as species by expert ichthyologists, much more may this 
frequently r>e the case under geographical isolation in larger 
areas, with oqjosure to different climates, and subject to the 
superadded influence of independent variation. 

I have good reason to be well aware that great differences of 
opinion are entertained by different naturalists touching the 
degree of importance which should be assigned to isolation os a 
factor of organic evolution ; and in one of the very lost issues of 
Nature, Mr, Wallace presents with great lucidity the view 
that isolation alone can never originate a new species by inde- 
pendent variation without the unavoidable intervention of 
natural selection, seeing that “ at each step of the divergence ” 
there must be “ necessarily selection of the fit " from the less fit 
(September 20, p. 491). I will not wait to show that, if in an 
isolated section of a species no new iieculiarittes should be re- 
quired to render its constituent individuals more “ fit,” selection 
need not necessarily effect any change with regard to adaptive 
characters; nor need I remark that even when selection is 
enabled to effect such a change under such circumstances, it 
does so because it is assisted by uolaiion, thus becoming, not 
the cause, but a con-cause of “ the origin of species.” A great 
deal could be said on both these points ; but, for the sake of 
brevity, I will take my stand on the bare fact that, according to 
the general theory of evolution, a local variety is what Mr. 
Darwin calls “ an incipient species ” ; and, on tbe ground of 
this fact, 1 ask where the line is to be drawn between varieties 
and species in respect of adaptive characters? If no answer can 
be given, we must take it from Mr. Huxley, as “a necessary 
consequence of the theory of selection,” that every variety 
“ which exists, exists in virtue of adaptation.” Thus, to take 
but two illustratiuas from among several that might l^ drawn 
from the trout just alluded to, when two lots of “ Locblevens” 
were placed in two separate ponds within a very short distance 
of each other, and exposed, as far as could be ascertained, to 
poraliel conditions of life, remarkable— but in no conceivable 
respect adaptive — diffeiences in coloration a*ere developed be- 
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iw«eA the trout which respectively inhabited the two ponds 
(**firit&fth and Irish Salmoniace/' pp. 226-27, 

OD« undertahe to affirm, after looking at the coloured plates, 
that th^ changes must nece sorily have been due to selection? 
Again, in a recent communication to the /vr/r/Quly 7), Mr, Day 
gives an engraving of a remarkable variation which is taking 
place in the gill-covers of trout v hich have l>een transported to 
New Zealand, and there "turned down'’ under nature. Pre- 
mising only that, although this is a change of structure, there is 
no more adaptive meaning to be found in it than in those 
changes of colour above mentioned,^ I will quote Mr. Day’s 
remarks upon the subject : "It will be interesting to watch 
the changes occurring among these trout in their new home, 
and to obsen^e whether these serrations are continued on merely 
temporary ; for if they should become developed with time 
there would be still more reason for constituting them a new 
species than now exists among the various European race.s ; 
while, should trout with serrated pieopercles and interoperclcs 
be admitted as constituting a new specits, we could now trace 
the process of development from its commencement, and show 
bow such has been occasioned by tiansplanting our European 
trout to the warmer waters of the Antipodes.” 

Should it l>e objected that, os a matter of fact, the state of 
matters anticipated by Mr. Day has not yet arrived, my answer 
wculd be obvi 00*1— namely, supposinfsi tha* such a state of matiers 
had af'rivedt could the fact be reasonably held to annihilate the 
whole theory of natural at lection ? Yet this is what such a fact 
would ncressarily do, if we hold it to be "a necessary conse- 
quence of the theory ” that every species which exists, exists in 
virtue of having been selected," If we have not here a re- 
ductio (id absurdum^ I do not know how one can ever hope to 
apply that method. 

Of course I am not disputing that in general there is a very 
great distinction between local varieties and good species in 
reaped of peculiar adaptive characters. In other words, I 
have no 'doubt at all that probably the great majority of 
of species ,havc been originated by natural selection, cither as 
the sole cause or in a.ssociation with other causes. Hut the alle- 
gation which I am resisting is, that it follows as a necessary 
consequence from the theory of seledion itself that every species 
must owe its origin to seJeciion. And 1 have endeavoured to 
show that this allegation admits of being reduced to an absurdity. 
When Mr. Wallace, in the letter above referred to, expresses 
dissent from Mr. Gu lick’s view that species are frequently origin- 
ated by the influence of isolation alone, he adds ; " If this Is a 
feuU it is a moat important and fundamental fact, equal in its 
far-r^chiag significance to natural selection itself ; I accordingly 
read the paper with continual expectation of finding some evi- 
dence of this momentous principle, but in vain.” Now, sup- 
posing that Mr. Wallace had found the evidence which would 
nave mtly satisfied him, would he therefore have be^n logically 
required to abandrn his own great generalization? Would he 
have been required to acknowledge, not only, as he says, a 
prmci|)Ie equal in its far-reaching significance to natural 
selecUon itKclf,” but a principle which aliojciher superseded that 
of natural selection ? I say it is absurd to suppose that such 
would have been the case, and yet it must necessarily have been 
the case if it be "a nece.ssary convcquencc” of his theory that 
eUli^xt any) species are originated by » election. 

It will be remembered that 1 am not arguing the biological 
question whether, or how far, species exist which do not owe 
their existence to ^election ; I am arguing only the logical qites-, 
tion whether it is "a necessary consequence of the theory of 
selection ” that they cannot. And I now submit that it no 
more follows from the selec ion theory alone, that "every 
variety ” which " a species ” does so "in consequence 

of being in some one or more respects better ad<jpted to its 
surroonaings than ” its extst/nj,^ contemporaries^ than it does that 
every variety which becomes a variety does so for the same 
reason. ^ If the former statement is a siaiemcnt of biological 
fact (which, for my own part, I do not believe), the fact is one 
that would stand to be proved inductively as a fact : it cannot 
be made good by way of logical deduction "from the theory of 
selection. ’ 

* In thii connectloD, also, It is of great importance to remember ihat it j'» 
onty twenty yaan ago s.nce the trout in question were srnt to New Zealand, 
and tbak fry liWerawd in tha waters there; f.jr the most ardent upholder 
of the theory of natural »«lection as the sotr cause of specific transmutation 

will scarcely mwntain that twenty >rarK U long erough for surv.val of the 
fittest to affect a structural change ( f an "unknown adaptive character in 
a lonr-Uted afhlmal with afl the watsrs of New Zealand to spread over. 


1 have thus dealt wiih Mr. Huxley^a criticUm at some len^. 
because, although it has reference mainly to a matter of logical 
delinitton» and in no way touches my own theory of "physio- 
logical selection,” it appears to me a matter of interest from a 
dialectical point of view, and also because it does involve cer- 
tain questions of considerable importance from a biological point 
of view. Moreover, 1 object to being accused of misunder- 
standing the theory uf natural selection, merely because some 
of my critics have not sufficiently emsidered what sppears to 
them a " paradoxical ” way of regarding it. 

GzoaoE J. Kqmane.s. 


How Set-Birdt Dine, 

As I have ascertained that the following fac( is not well 
known, I send you this account in the hope that it may be of 
interest to naturabsts and to the general public. Anyone who 
lives in the Western Hebrides will have often watched on a 
calm day the sea-birds feeding with noisy clamour in the sea- 
lochs and about the numerous islandet. This is especially the 
case in August, when the shoals of small herring are very plenti- 
ful. Some years ago, when in a sailing-boat off the west coast 
of Mull, 1 caught with a hand- net a dishful of these small fiy' 
as they swam along the surface of the water. Last year, noticing 
from a steam-launch the birds congregated in great numbers at 
one spot, the idea sutick me to steam to the place and try to gel 
a share of the birds’ repist. The idea was at once carried out. 

1 stood on the prow with landing-net in hand, and the launch 
WR steere<i towards the birds. As we drew near, the banqueters 
flew away with evident dissatisfaction at the interruption, a few 
of the more greedy making their last hasty dives. Iti another 
moment we were at the spot, and 1 saw, to my intense surprise^ 
about 2 feet under the surface, a large reddish-brown ball, 

2 to 3 feet in length and 2 feet in depth. 1 made a frantic 

.swoop with the net into the ball, and lirought on deck half a 
paiUul of the sea-binU’ dinner. £cen as we passed we could see 
the great living ball sinking and breaking into pieces. '1 hit» 
year i a >d others have tried the same spot with great success. 
Sometimes the l>all lias sunk too deep to be reached; some- 
times there was no ball to be seen ; but on the most successful 
day I filled a pailful in three hauls. In September we saw no 
bail, because, perhaps, the fish hid grown too large for the 
birds to manage. As far as I can judge, the modus operandi 
carried out by the divers, who surround a shoal and hem them 
in on all side®, so that the terrified fish huddle together in a 
vain effort to escape inevitable destruction. The divers work 
from below and other sea-biKls feetl from above ; and, as in 
some cases after the birds had been at work for soirus time I naw 
no ball, I suppose not one fish is left to tell the tale. I must 
leave to naturalists the real explanation of the matter; but I 
may mention that, when disturbed by tlie boat, the divers seem 
to come to the surface in a great ring round the scene of their 
feast. I may also mention that once, when the boat was still 
300 or 40Q yards away, the birds suddenly rose and w'hirled 
about wiih frightened screams. 1 wondered what could be the 
cause, until I saw the round back of a porpoise rolling lazily 
round at the exact spot, and then rolling back again. When 
we steamed past there wss no sign of a ball. What two delicioua 
mouthfuls for the porpoise I Cown-ON, 

Loch Luichart, Koss- shire, N^. 

The ZoAiMs 4 \ LigM. 

Mr. O. T. Sherman gives an ia^erestioj: cornmunication m 
the zodiacal light in Nature of Octo er Hi (p. 594), andafths 
for reference to any obsei vstioni. He alludes -to Caasini 
The following extract from a letter by Owsini may ndt have 
come imder his notice; "It mmkfkable circuinaUmce that 
since the end of the year 168$, when this light began to |;row 
fainter, spots should have no longer appeared on the son, while 
in the preceding years ihey wore very frequent, which seems to 
support, in a manner, the conjecture that the light may arii-e 
from the some emaHations as the spots and facula of the sno*" 
This does not quite tally with Mr. 9 herman’» notion that the 
maxima of the zodiacal light coincide with the mUhUa of suij* 
spots. May it not rather be that, supposhig sun-spots to be 
largely occasioned by increased influx of raetoork matter 
into the sun, which matter gets sublimed and repulsed to 
ment the materials forming the sod local llfeht, iherefore .the 
maxima of the latter may then lag behind the mmeima of the 
son-spoU. ^ 

Cambuslang, October ao. 
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The Oeometric Ittterfiretction of Mons^e’s Differential 
Equation to all Conics. 

Neither the note of Prof. Aaulosh Mukhapadhyay in 
NATVEit of the Jith inst. (p. 564)* nor that of Lieut. -Colonel 
Allan Cunningham in the number of Auguat 2 (p. 318), has 
sati^hed me that the criticism implied in my short note (June aK, 
p. 197) on the ProfesBor^s first note (June 21, p. 1 73) is unfounded. 
Permit me, therefore, to develop that criticism a little more at 
‘ e. 

have not yet had an opportunity of referring to the i^apers 
of the Professor in the Proceedings of the Asiatic Society, hut 
from wfani I can gather as to Ihcir contents from his notes in 
Nature, 1 am in no way disposed to underes'imalethe accuracy 
or the value of his results. It is only to his claim to find in 
them true interpretation of Monge’s differential equation 
to any conic” that 1 demur. 

To my a})pvehension the interpretation in question isa/rwiVw, 
not n tntf)u Wlint has been put into the question ns a defini- 
tioit emerges afterwards, a« might have been anticipated, as 
an i MUrfrfinfioH , If tJ)e Professor has given a definition of 
iibert*ancy, independent of a conic and its knowm properties, of 
cour-e I am wrong ; but I gather from his note that hy aberrancy 
he merely means (if I may thus exprc«.s it) deviation from 
lonkity. Whatever measure of abmancy^ then, he adopts for 
curves generally, must necessarily become zero for a conic, 
which has, from the very meaning of the words, no “deviation 
from conicity.” 

"rhe difference, as I conceive it, between an interpretation 
properly so called and an interpretation that is a mere iruism^ 
may be clearly illustrated by the case of the circle. The Pro- 
fessor tells us that “the differeniUl equation of all circles 
(i -H f-)r - 3/y*^ - o, mean.s that the angle of aberrancy 
^anishes at every point of every circle.” If thus read, whal 
I have said above applies, and the interpretation is but a imism. 
It admits, however, of a different reading. For it is easy to 

show that (I + - 3/y- ;= (i wliere .i, ^ are the 

usual intrinsic co-ordinates of the curve, so that the differential 
equation is equivalent to d'^plds^ » 0. Now d^jds is the measure 
of the curvature of a curve, defined as the rate of change, per 
unit of arc, of ilie inclination of the tangent to a fixed direc- 
tion, 3. definition ttdikk is (ftdtc independent of the eirek i and 
d^^jds^ is the rate of change, imr unit of arc, of the curvature. 
Hence the eqwadon d'^^jdi^ Ircing true at every point of 
every circle, expresses the trsuh that in a circle there is no 
change of curvature from point to point— or, in other words, the 
property that the curvature of a circle is the same at every point. 
I submit thfttthi*, rather than the Professor’s*, tmolving the notion 
of aberrancy, has a right to be regarded os the true interpretation 
of the equation. 

In like manner, the true interpretation of the differcBtial 
equation to a conic, if it ever it discovered, will express that 
^me magnitude or concept connected with a curve, and defined 
independently of the particular curves, the conic sections, vani^ihes 
at every point of every conic. 

Even addiitting the Professor’s interpretation, T agree with 
Colonel Allan Cunningham that it has no prerr>gaiivc right over 
others of the same chmacter to be called the interpretation of 
the equation. To go no farther, any number of ** aberrancy 
curves ” may be imagined ; as, for instance, the locus of the 
focus, instead of the centre, of ihc osculating conic, for which 
it will lie true that “the radius of curvature of the aberrancy 
cupe vanishes at every point of every conic ” ; for in fact, in 
this case the aberrancy curve degenerates into a single point, 
and to say that the roduia of cur/aiuie vanishes, or that the 
curvature is infinite, at every point of a curve, is, to my appre- 
hension, only a roundahout, and not very instructive, way of 
saying that the curve becomes reduced to a single point. 

Harrow, October 13. K. B. H. 

A Shadow aad a Halo. 

The following noiioes of aathelia may be interesting to the 
readers of Nature. Fnuices Kidley Havergal thus described 
a swoiet cm the Faulhorn ; “ At owe joncture a cloud stood still, 
ai^parenily about two hundred yards off, and we each saw our 
own shi^ow giganttcaliy rejected on it, surrounded by a com- 
plete rainbow arch, a lull circle of br^ht prismatic coloues, a 
^oaifigure^n oi^onr own shadows almost startUng ; each, more- 
over, seeing only their own glorification” (“Swiss Letters and 
Alpine Poems ”). 


Tennant, in his book on Ceylon, states that this curious 
phenomenon, whi h may probably have suggested to the early 
painters the idea of the glory surrounding the beads of beatified 
saints, is to be seen in singular beaxity at early morning in 
Ceylon. When the light is intense, and the shadows propor* 
lionally dark, wlien the sun is near the horizon,, and the 
shadow of a person is thrown on the dewy grass, each drop of 
dew furnUhes a double reflection from its convex and concave 
surfaces ; and to the spectator the shadow of hit; own figure, but 
more particularly the head, appears surrounded by a halo as vivid 
as if radiated from diamonds. 

b. T. Coleridge described the pheromenon thus : — 

“ Such thou art, as when 
Xhe woodman winding westward up the glen 
At wintry dawn, where o’er the sheep* track’s mate 
'I'he viewless snow-mist weaves a glisi'ning haze, 

Sees full before him, gliding without tre-ad, 

An imu^e with n glory round its head ; 

'Ihe enamoured rustic worships its fair hues, 

Nor knows he makes the shadow he pursues.” 

Benvenuto Cellini saw, probably, this phenomenon, and sup- 
posed it ijectdiar to himself. F. Kobcrts.m ci'es it os a proof of 
inordinate vanity. Hesajs: “Conceive h man gravely telling 
you that a vision of glory encircled his Iicad through life, visible 
oii his shadow, e-;pccially on the dewy grass 'at moiming, and 
which he possessed the power of showing to a chosen few ” 

Life and Letters of F. Robertson,” vol. ii. p. 192). 

liardsca, October 22, Fowakd GcacHEGA.V 

I HAVE frequently, on the South Downs, seen a halo round 
the shadow of my head, as described in your last number by Mr. 
A. S, Eve, I have noticed that the further off the shadow, the 
brighter is the halo. 1 have also observed, when looking at my 
shadow in the sea, that rays of light appear to surround the 
shadow of my head. Charles Cave. 

Pitcham Park, Pctersfield, October 22. 

On the Grass Minimum Thermometer. 

The average readings of the self-recording grjss minimum 
thermometer Tor every month during the past three years have 
been compared with the average minimum damp bulb tempera- 
lures, obtained from the means of hourly readings, ana the 
following figures show the corrections to he applied to the latter 
in order to obtain the former i—J a upary ~cy”3, February +CP’3, 
March April -o'^ '8, May June - July - T’!, 

August — o®'9, September +o®*2, October +i'’‘4, Novemhar 
+ I *‘9, December yo^’4. 

The grass minimum is nearly a degree below the damp 
bulb minimum in the wet sea.son, and nearly 2"^ above it in 
the driest mt)ntb. The comparison between ine minimum air 
temperature and the minimum on grass does not measure the 
terrestrial radiation, although the difference is to some extent 
influenced' by radiation. Moreover, the epochs of the two 
minima need not coincide— in Hong Kong the early morning 
hour.4 are more cloudy than the evening hours. 

During the daytime in summer the thermometer, exposed an 
inch above the short gross, shows as a rule temperatures rising 
to 120* or 130*, especially in calm weather ; but even when it Is 
not perfectly calm, the force of the wind is not felt so near the 
ground, from which ihe air rises laden with minute particles of 
dust, which are observed adhering to the cloth of damp bulbs 
and other objects cooled by evaporation, and which may occa- 
sionally be smelt in the air. At night such minute particles 
would of course tend to return to tlie ground, and the unhealthy 
character of the ground-fog during early morning hours in 
tropical countries may be intensified by this circumstance. 

Hong Kong Observatory, W, Doberck. 

September xo. 


OAT THB ELECTROMOTIVE VARlATfONS 
WHICH ACCOMPANY THE HEAT OF THE 
HUMAN HEART 

'Y'HE observation of these variations is extremely e^, 
'L the only requisite being a sufficiently aenaiii«« 
capillary dectfometer* 

* The efeciTometern I u»d were made by Mr Petwi, glass-blower, S Crew 
Street, Hat‘on Onrden. 
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The successful issue of the observations is so certain 
that they can be best described in the form of directions 
^ t0 a person who should be desirous of seeing them 
himself, followed by the prediction of what will be 
Observed by him. 

§ I. Two vessels of salt solution are to be pre- 

E ared, and connec^ted with the capillary electrometer 
y electrodes. The* various extremities of the observer 
, are to be dipped into the salt solution, while the capillary 
column is watched. Electrical variations, apparently 
synchronous with the heart’s pulse, will be observed with 
certain combinations rather than with others, and the 
results (on a normal person with the heart pointing to the 
left) will be as follows : — 


Connect with electrometer — 

1. Left hand and right hand 

2. Left hand and left foot 

3. Left hand and right foot 

4. Right hand and left foot 

5. Right hand and right foot 

6. Right foot and left foot 


Electrical variations 
Little or no variations 
Little or no variations 
Klectrical variations 
Klectrical variations 
No electrical variations 

will be apparent. 


Further observations may be made with the mouth used 
as a leading-off point in connection with each of the four 
extremities. To lead off from the mouth a silver electrode 
coated with silver chloride is kept under the tongue. The 
results will be as follows : — 


Connect with ehetrometer — 

7. Mouth and left hand 

8. Mouth and right hand 

9. Mouth and left foot 

10. Mouth and right foot 


Electrical variations 
Little or no variations 
Electrical variations 
E'Jectrical variations 

7vill he apparent. 


produced if at any time the and base of the ventrielee 

differ in potential, o 0 is the line of zero potential at 
right angles to c c. 

aaa are equipotential lines round a supposed focus A. 
^ ^ are equipotential lines round a supposed foeps H. 

Any lead off from two sup^cial points a a or ^ ^ i$ un- 
favourable. Any lead off rrom two points is favourable 
to the manifestation of electromotive differences originat- 
ing at the heart. This will have been denumstrated by 
the experiments directed to be made. 

§ II. On a quadruped ^og, cat, rabbit) the results 
will come out somewhat differently. The heart occupies 
an approximately median position, so that the asymmetry 
observed on man does not hold good with the above- 
named animals. In these the current axis will be along 
a median longitudinal line ; the line of zero potential will 
be at. Tight angles to it, i.e, transverse. 

This can be verified by trial with very little trouble. A 
quadrup^ is led off by the various extremities and 
orifices immediately after death before the heart has 
ceased to beat ; or a dog may be trained to stand quiet 
with his feet in dishes of salt solution (I have a large 
and well-disposed dog who will stand thus by the hour). 
However the test be made, the results will come out as 
follows : — 


Contiect with electrometer — 

1. Left paw ^ and right paw 

2. Left paw and left foot 

3. Left paw and right foot 

4. Right paw and left foot 

5. Right paw and tight foot 

6. Right foot and left foot 


Little or no electrical variations 
Electrical variations 
Electrical variations 
Electrical variations 
Electrical variations 
Little or no electrical variationv 
will he apparent. 


Finally, it is possible to add to the evidence obtained, 
by using the rectum as a lead off by means of a silver 
electrode.'^ This,' if tried, would -give with ' 


11, Rjecturo”and,mptJv£h‘ 

12. Rectum and, left hapd 



foot 

see will hhveibelH 
‘of loadtftgioAHwin 


Electrical Variations 
Little or no variations 
ElcdTical variations 
Litije’ or no variatipns 
Little or no variations. 

le results ;’ the ^ases in which the 
lecn "favciurablc to- the production 



of electrical variations will be unmistakably distinguished 
from those in which the mode of leading off has been 
unfavourable. 

The explanation of these facts is most shortly given in 
the diagram, c c is the axis of any current which must ^ 


Ext^ndirtg the observations to mouth and rectum, the 
results will be thus . 

7. Mouth and left paw Litfl^'or no electrical variations 

8. Mouth and right paw ^ Little or. no electrical variation*? 

'9. Mouth and left foot V ^El^lrica] variations 

10. Mouth and right foot ^ 'Bl«%tri'cal vamtions 
,11. Mouth ai^ rectum ' Electr^l variations 

12 . Rectum iliid' left paw r ste'em^l variations . . 

13. Rectum arid right paw . Gledtiw yanation# 

14. Recturiri anff Imfoot ; 'Lftrieornb electrlcaf:(^^iations 

1 5. Rectum and right foot ’ -dq dehtrici^ yitriations. 

. § JII. Upon these, twoypt)^;rti^^:piliDd.ai'hM proof 
of the correctness of.tbc.Sctsanci of tbeir«e9ip}anation. 
Cases of - siius ’ tnscerum atfe . to ; the 

viscera of ^ubh people are-siiuateid :as thoB^s‘ inorma) 
person seen in a mirror heSj^F^'^ints to 

the Tight*, rhavoctxaminedrtwo spw ohses, >wila wul^ 
exactly as ^ticipqied, yiz. the comblnM^ 

.5,. and 7, of a normal subjfefct pnfavotd^^^^he 
case . oi sinus inversus^ awibiitia- 

tidns, 2, 3r^d B; are fiayour^Cb ^ Cf#hination8i,'9^ and 10 
are favourable, imd 6 is unjfajVptu^e in both there 
being the notable pcculipltity as regards 1 that the varia- 
tions are reversed in direction ill' bach- of the two cases. 
The significance of this point will be obvious to the 
reader who has followed the facts up to this point : in 
both cases we have a favourable combination, but a 
reversal of points a and b, 

§ IV. As regards the character and direction of each 
cardiac variation, it will be found to be composed of two 
phases, the first short, sharp, and difficult to read as 
regards direction, the second comparatively prolonged 
and easy to read. The second phase clearly indicates 
negativity of the heart’s base, the first phase less clearly 
negativity of the heart’s apex— facts which testify that the 
contraction begins at the apex and ends at the base of 
the ventricles. The auricular contraction does not affect 
any electrometer 1 have used. 

I « « jg used Oft an atbiariaiioft Tor attUTiw ttHf | 

postarior axtremity. 
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If 1 venture to forecast the manner in which xna(!le can be verified as soon as tested, upon a recentl]f 
these stiuements may receive from independent sources killed cat or upon a properly educated dog. The ven^ 
that verification which any Statement requires before fication of § III. only requires that a suitable case 
it can be accepted as a correct representation of should be discovered. As regards the character of the 
fact/ I should say that as regards § I. no contradiction variation, it is probable that its diphasic character may 
Will aHse unless the first case tested should happen be overlooked at the first glance, but (in a favourable 
to be that of a person with the heart occupying an case) this character will soon be apparent. As regards 
unusually median position, when the favourable and un> direction, that of the second phase will be determined 
favourable cases, though still distinguishable, may be less without much difficulty, but that of the first will be found 
so than if the h^rt occupied its usual oblique position very difficult to seize. I was not able to make up my 
pointing to the left. In any case, however, the variation mind about it until I had obtained successful photographs 
will be found more marked with a favourable than an un- of the movements on a quick-travelling sensitive plate 
favourable combination. As regards § II., the statements Augustus D. Waller. . 


THE AfAXmUM OF MIRA CETL 

I AM anxious to call the attention of observers to the 
present spectrum of Mira, which arrived at its 
maximum brilliancy on the 15th inst. 1 pointed out 
recently (Nature, May 24, p. 79) that stars of the group 
to which Mira belongs are sparse meteorite-swarms like 1 
comets, and that, when variable, the variability is produced I 
by collisions between two swarms, the centres of which | 
nlwc nearest together (periastron passage) at maximum. i 
Broadly speaking, then, we may regard variables of : 
this class as incipient double stars, or condensing | 
swarms with double nuclei, the invisibility of the com- 
panion being due to its nearness to the primary, or to its 


faintness. It is obvious that variability will occur mostly 
in the swarms having a mean condensation, for the reason 
that at first the meteorites are too far apart for many 
collisions to occur, and that, finally, the outliers of the 
major swarm are drawn within the orbit of the smaller 
revolving one, so that it passes clear. 

The present maximum of Mira tests my hypothesis, 
and its brightness is such that a small telescope and a 
Maclean’s spectroscopic eye-piece are all that are neces^ 
sary to see in how striking a manner the test is borne. 
The two brightest bands now visible arc at X 517 and 
X 546, precisely where these are seen in the brightest 
comets. The former is the brightest carbon fluting seen 
in the spectrum of the Bunsen flame, or spirit-lamp, 



and the other, at 546, is the citron carbon fluting begin- that of its spectrum .'like ^ that of 0 

ning at 564, but modified by the masking eflects of the P»asi W like that of a HercuHs. 
manganese absorption fluting at 558, and also that of f observed that the principal carbon fluting at X 517 
lead at 546; I was somewhat brighter on the 14th than on the 17th inst. 

The blackness of the spaces between the bright flutings j In variable stars of this class the proof is now complete 
shows that there can be very little continuous spe(;trum I that the increase of luminosity is accompanied by 
from the meteorites, and therefore that the ^msorption is ! cometary conditions, and that it is due to the increased 
that of the light of the carbon flutings. i radiation of catbon. 

The mean spectruni' of Mira is that of a star like j In the accompanying figure the spectrum of Mira is 
l^egasi, which I have shown to consist of bright carbon ' compared with that of fi Pegasi and Encke’s comet. In 
flutings, and dark flutings of magnesium, manganese, some comets the carbon fluting is cut off at 546, exactly 
iron, lead, and birium. in & Pegasi, as in Mira under j as it is in Mira. The observations of Mira were made by 
mean conditions, the cafbon is somewhat faint, but in myself at Westgate, those of J3 Pegasi by Mr. Fowler at 
a Horculis it very bright The general effect of the the Astronomical Laboratory at South Kensington, 
conditions of maximum of Mira therefore seems to be J. Norman LockvsR' 
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Thou art a shock to my seslhetic sense, 

And ofTerest no kind of recompense 
In way of use ; of every function shorn, 

Except to act as basis for a corn. 

When thou art gone 111 still matntain my grace, 
Still walk erect wherever I may be ; 

Still 111 belong to the athletic race. 

Waltz with the fair, and kick mine enemy 1 
So puce Schopenhauers, and ptice Mallocks 
When I've acquired a hypertrophied hallux, 

To monodactylc type thus simplified, 

Life shall be simpler too, and so*-beatified. 

# # # ♦ 

When future science forgets thee in thy prime, 
Methinks a great mind from a northern clime 
May then discuss thy remnants, and declare 
He finds a true prophetic organ there ! 

F. G. H. 


NOTES. 

Wk lately (Sept, 6, p. 437) printed an account of the formation 
of the Australasian Association for the Advancement of Science. 
If we may judge from the newspaper reports which have now 
reached this country, the first general meeting of the Association 
seems to have been remarkably successful. The session began 
at the Sydney University on Tuesday evening, August 28. 
Lord Carrington oi>ened the proceedings with a short screech, 
and then an address was delivered by Mr. H. C, Unssell, the 
President. On the following day the sectional meetings began, 
and their work went on during the remainder of the week. 
About no papers were sent in by students of various branches 
of science, and a considerable number of them will be published 
in full in the first volume soon to be isf^ued by the Association. 
The members had an opportunity of taking part in several 
pleasant excursions, and much hospitality was shown to visitors 
by leading citizens. At the time of the meeting there were aliout 
850 members, and it is confidently anticipated that next year 
this number will be largely increased. The next meeting is to 
be held in Melbourne, and Baron Sir Ferdinand von Miiller, the 
Government Botanist of Victoria, is the President elect. In 
1890 the Assodniion will meet in New Zealand, 

The following U the list of names to be submit tc* 3 , at the 
annual meeting (November 8) of the London Mathematical 
Society, for the new Council For President, J. J. Walker, 
F.K.S. ; for Vice-Presidents, Sir J, Cockle, F.R.S,, E. B. 
Klliutt, and Prof. Greenhill, F.R.S. The Treasurer and Hon. 
Secretaries remain unaltered, 'I'he other members are : A. B. 
Basset, Dr. Olaibher, F.R.S., Messrs, j. Hatmnood, H, lUrt, 
J. Larmor, C. Leudesdorf, and S. Roberts, F.R.S., Coptoiii 
P. A. Macmahon, K.A.,jind Dr. Rouih, F. It U proposed 

that the vacancies caused by the withdrawal of Lord Rayleigh, 
Sec.R.S., and the lamented recent death of Arthur Buchheim, 
shall bellied up by Messrs. Basset and Routh, as above. 

which has been engaged, under the direction 
ef the Scientific Committe e of the Scottish Fishery Boaril, in 
a cruise of physical inveatigation in the North Sea, recently re- 
turned to Granton. The course was along the east coast to the 
Orkosty and Shetland Islands, and then to Bergen, Copenhagen, 
and Kiel. The physical work was carried oti by Dr, Gibson, of the 
Chemistry Department of the Edinburgh University, assisted by 
Pr< Hunter Stewan and Mr. F. M. Gibson ; and owing to the 
exccptioiittlly favourable weather a large number of stations were 
formed at various parts of the route, at whldh series of tempera- 
ture observations were taken, the densky and alkalinity of the 
water determined, and samples preserved frnp analytical examina- 
Uon, B>r. Gibson bad interviews with most of those conducting 
scientific fi^ety work in the countries visited, including Mr- 
Betfen^ jDr. Fanlser, Lieut. Brechsel, Fettersen, 


and Mr. F eddersen of Copenhagen, and Prof. KaiUUfn of the 
Kiel Commission ; and we understand these conferences may 
result in closer 00 operation between the various oomstrieS, in 
regard to the method and sco}>e of scientific fishery investigationa- 

The members of the International Commission of \V eights and 
M easures have finished their session at the Pavilion cle Br^teuii, 
Paris. The making of standard metres is progressing, and next 
year they will be distributed to the various Governments. The 
guarantee of the Bureau extends to the thousandth of a 
millimetre and the ten- thousandth of a gramme. 

There are now on the books of the Institution of Civil 
Engineers 1614 meniliers, 2499 associate members, 4^8 asao» 
ciates, 19 honorary members, and 939 students, together 5529, 
being an increase at the rate of 3} per cent, during the past 
twelve months. 

A SPECIMEN of the sword-fish {.Y^N^ias) was captured some 
days ago in Long Reach, Milton Creek, Sittingbourne, by a 
baigeman. The fish measured 5 feet 2 inches from end of toil 
to tip of sword. 

An Agricultural and Industrial E''hibition was opened at 
Mysore by the Maharajah on the 17th inst. 

At a recent meeting of the Bombay Natural History Society, 
the idea of starting a Zoological Garden in that city was mooted 
by Mr. H. M. Phipson, the Honorary Secretary of the Society, 
and was warmly taken up. It was stated that the .Society has 
been compelled to refuse large numbers of valuable specimen* 
of animals offered to it. AH that is asked from the Government 
is that they shall grant a site, and it U hoped that they may see 
their way to do so. 

Dr. j. C. Cox lately described, at a meeting of the Linnean 
Society of New Smith Wales, two very vcmtrkable female 
figures, modelled in wax, obtained in an aboriginal camp at 
Miriam Vale, near the head of the Calliope River, Rockhampton. 
These figures are said to be the only examples of plastic art 
ever discovered among the Australian aboriginals. 

In the Report of the Superintendent of the Adelaide Botanic 
Garden for the pa'^t year it is stated that the insect-powder plant 
{Fyrethrum einerariarfoliuoi^ Trevir.), jwrww, and 
Bibrst.), and the cheesemaker ( AFiVZ/uw/rt Dun.), 

which were introduced into the Garden a few years ago, have 
found a congenial climate there, and have prospered wharever 
they were planted in the colony. Eland's Boontges {Ehphant- 
orrhita Burckeilii, Bentb.), which has also been recently intro- 
duced, docs fairly well. In winter nothing remains of this plant 
bat the roots, which contain tannic acid. A number of cuttings 
from the lloira grape, a valuable specie* which comes from 
Almeria, kave tibriven wottderfully in the Garden. There are 
now in Iho palm- house t8o species and varieties of palms. The 
Miueum of Koonomio Boftimy attached to the Garden haas bteen 
enriched dunhg the past year by 1795 article'’-, amongst the 
more remarkable of which was a collection sent by the -Sultan of 
Johore, one of the specimens being a sample of sugar prepared 
from the cocoa-nut. 

Students of the Caucadon languiges will be glad to learn 
that the aecond volume of Baron UsUr's work, “The Ethno- 
graphy of the Caucasus,’' has been published at Tifiis. Jt con- 
tains his |*Tchetcheu Language,” and, in an appendix, several 
articles on the epics of the Caucasian mountaineers, on the 
study of the Caucasian languages and their alphabcifi, as also 
a translation of Schiefner's “ Tchetchcnsche Studien,” and a 
collection of Tchetchen proverbs and tales about Nasr-eddin, 
by J, Bartolomei 

In connection with the discussion on ** Valency” at the Bath 
meeting of the British Assxdation, referred to in la$t week’s 
Nature, Prof. Meldola read a paper on the oonstitution of the 
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•fou^hol compounds, in which be drew attention to the 
iftct that the properties of these important colouring-matters 
ooutd only be satisfactorily explained by admitting that they 
«oaUined oxygen in the tetravalent condition. 

The Tapoar-densities of the chlorides of chromium have, for 
thedrsttimef been determined by Profs. Nilson and Petteisson, of 
Stockholm. The interest attaching especially to the chromic 
<:bloride, hitherto known as CrjCI^, in view of the resent re- 
determinations of the densities of the'eorresponding chlorides of 
aluminium and iron, gives more than secondary importance to 
the woHc of the Swedish chemists. Readers of Nature will 
remember that these recent experiments by the indefatigable 
workers just mentioned, and by Prof. Victor Meyer and his co- 
workers at Gottingen, upon the composition of the molecules of 
the chlorides of aluminium and iron, resulted in the conclusion 
that the double formulae, AlsCJ,! and FejClfi, must be abandoned 
in favour of the simpler formulx, AlCIg and FcClj. This, of 
course, meant that our old notions as to the tetrad nature of these 
elements were incorrect, and that in reality they behave as triads. 
Profs. Nilson and Pettersson now clinch the matter by showing 
that chromium, which in many respects so much resembles 
aluminium and iron, behaves in precisely the same way. Chromic 
chloride was fortunately obtained in beautiful laminated crystals of 
almost perfect purity. The minute traces of absorbed moisture were 
readily eliminated by gently warming in a current of dry car- 
bonic acid gas ; when this was accomplished the requisite quan* 
tity was weighed out into a small platinum capsule in those 
experiments which were conducted in the platinum density 
apparatus, and in small pieces of ignited porous tubing when the 
porcelain apparatus was employed. The chloride was found to 
vaporise very slowly indeed at 1065" C., precluding the possi- 
bility of; taking densities below that temperature ; however, at 
this oditparatively low temperature, the density was 6*135. 
Now CrClj corresponds to a density of 5*478, while Cr,Cl« 
must of necessity require a number twice as great, and hence 
cannot exist in the gaseous state. On increasing the temperature 
to 1190“, the value of 5 *5 1 7 was obtained, which remained prac- 
tically constant up to DeaT^y I300^ Over 13CX5* the molecules 
of CrClj commence to break up into those of CrClj and free 
chlorine. This is a most decisive result, and one which cannot 
possih%4ead to any other conclusion than the adoption of the 
formulit CrCls. It is only fair to mention that Messrs. Friedel 
and Crafts on carrying out vapour-density determinations of 
aluminium chloride by Dumas’s method for 250“ above its boil- 
ing-point (183“), have very recently [obtained results which 
appear to indicate that this chloride may condense to the double 
molecule AljCl^ at these comparatively low temperatures. How- 
ever this may be, there can be no doubt in the cases of iron and 
chromium that the triad formula is the only one compatible 
with experiment, and we shall be very glad to see the doubt in 
case of aluminium completely cleared up by further experiments. 
The determinations in the case of the lower chloride of chromium, 
CrCI|, have been made under great experimental difficulties. This 
substance is the most difficultly volatilised of any yet submitted 
to vapour* density determinations. It required the most intense 
heat of the hottest procurable furnace, and even then was only 
very slowly converted into vapour. It was obtained perfectly 
pure by reduction of the chromic chloride utilized for the former 
experiments, by gently heating in a stream of hydrogen. At the 
lowest observable temperature, I300"-I400® C., the density was 
found to be 7*8, considerably lower than the number required by 
Cr,Cl4. On further increasing the heat to iboo", the density 
gradually diminiehed to 6*2, showing that at some still higher 
temperature one would finally attoin the value 4*25 corre- 
sponding to CrCl^ Hence ebromoas chloride again resembles 
lerrous dUoridcr the onfydtftbrence beii^ that the former is much 
more tUftcult to vapofhse. 
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An exceedingly useful and himdy rintm^ of results in the 

modern geometry of the triangffe” is published in the just 
issued Proceedings of the Association Fran^aise pour VAvance- 
ment des Sciences, Coqgr^s de Toulouse, 1887. It is entitled 

Premier Inventatre de la Gdom^trie du TrUngle,” by M. E. 
Vigorid. A second Inventaire," whicb the author proposes to 
draw up, will be occupied with the extensions to certain (as 
Harmonic) quadrilaterals and polygons, and to space figures. 

We have received Part 3 of ** A Catalogue of the Moths 
of India,” compiled by £. C, Cotes, First Assistant to the 
Superintendent, Indian Museum, and Colonel C. Swinhoe. Of 
the first two parts, dealing respectively with Sphinges and 
Bombyces, we have already given some account (Nature, 
vol. XXX vii. p. 386). The present part deals with Noctues,, 
Pseudo -Deltoides, and Deltoides. 

The Trustees of the Australian Museum, Sydney, have issued 
Part I. of a catalogue of the fishes in the collection of the 
Museum. It relates to recent palaeichthyan fishes, and has 
been compiled by Mr. J. Douglas Ogilby. 

A REMARKABLE book OH *'The Butterflies of the Eastern 
United States and Canada, with especial reference to New 
England,” by S. H. Scudder, of Cambridge, Mass., U.S.A., is 
about to be published in monthly parts. It will be completed 
in twelve parts, the first of which will appear in November. 
The preparation of this elaborate work was first announced by 
the author in 1869. Since that time be has had it always in 
hand, and during the last eight years he has devoted to it 
undivided attention. According to the prospectus which has 
been issued, Mr. Scudder has not only availed himself of the 
personal aid of a host of willing friends and correspondents, 
who have confided to him their voluminous field notes and 
numerous specimens, but he has carefully gleaned every fact of 
value from the natural history journals and other publications, 
and supplemented all by his thirty-five years' experience in the 
field. It is claimed that no systematic work on butterflies has 
ever appeared in any language comparable with it in the com- 
plete elaboration of a single limited fauna, in attention to every 
stage of life, in thorough and excellent illustration of every 
period of the butterfly’s existence, and in careful detail of all 
structural features. I'he book will contain seventeen plates of 
butterflies, six of eggs, eleven of caterpillars, two of the nests of 
caterpillars, three of chrysalides, two of parasites, thirty- three of 
ttruclural details in all stages of life, nineteen maps and groups 
of maps to illustrate the geographical distribution of (he butter- 
flies, and three portraits of early naturalists of America— in all, 
about two thousand figures on ninety-six plates, of which forty 
or more will be coloured. The printing of the plates was begun 
three years ago, and is now nearly finished. 

A THIRD edition of Mr. R. Milne Murray’s ** Chemical Notes 
and Equations" (Maclachlan and Stewart, Edinburgh) has 
been issued. The book is intended for the use of itudeots. In 
this edition a section on the electrolysis of salts has been 
introduced, and some additions have been made to the 
descriptive part of the work. 

The latest number (No. 3, vol. Hi.) of the Journal xA the 
Bombay Natural History Society contains, amongst Other 
papers: unscientific notes on the tiger, by J. D. Inverarityt 
butterflies and ants, by Lionel de Nic^ville ; on the Lopldoptera 
of Karachi and itsWghbourhood (part 3), by Colonel fiwinhoe ; 
notes on some bees and wa^ ftrOm Burmah, by Captain C. T. 
Bingham ; notes on the origin of the belief hi the bts»eobta, by 
G. A. Da Gama. Mr. Da Gama aaye tbat^^tbe 
is not Orieatti origin, but is a oontraedon of the Port^gunb 
The early Fovtegnm mMleifli Ri India named 
the ftiMtablelhey their fea^ 
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ThfU* tbe t{i^ on i^cobtmt of fu liOod, coi^hi^de^ 

c{^h; tlio. on occoui^t of iU ci^petrlike skin, thty 

exiled is, the catpet-sneke. From old 

Portuipiete writings he believes that the mangoose U the bis- 
<fohnt and IVom the crewllng motion of that aniinal the 
Portuguese had an idea that the hicho-de-e^bra was a lizard. 

fiict, in a work of the Jesuit father De Souza, published in 
f^lOi though probaUy written twenty years earlier, the man- 

e im is described as ‘*that poisonous reptile, bieh^de^cabra'* 
a bame nUaugoose gradually usurped the place of bicho-de- 
€ 9 br^^ but among the natives the idea of a poisonous Viatrd 
called btt- cobra remained, and it hat been handed down with 
terrible stories of its potsonous powers. 

The South London Microscopical and Natural History Club 
lias published its seventeenth Annual Report. The Report 
includes abstracts of some interesting papers read at tbe 
meetings. The Committee say that during the past year there 
was a uniformly good attendance of members. 

We have received the third number of the series ** Insect 
Ltfc,^* issued by the Entomological Division of the United States 
Department of Agriculture. The object of this series is to 
exhibit the economy and life-habits of insects, especially in their 
fdatum to agriculture. Among tbe contetits of this number are 
jpotes on the Rocky Mountain locust ; a report on injury done by 
roaches*^ to the files in the Treasury at Washington ; further 
notes on tbe hop<plant louse (/'Aorodbn AurnuU ) ; and a paper 
suggesting steps towards a revisiou of Chamberses index to the 
described Tineioa of the United States and Canada, with notes 
and descriptions of new species, by Lord Waltingham. 

Some time ago the Colorado Ornithological Association was 
formed, and through the efforu of its members a comprehensive 
list of the birds of Colorado, numbering about 35a species and 
sUb'Specles, was soon prepared. This Society has now trans- 
formed itself into an oig^ization with wider aims, and has 
assumed the name of the Colorado Biological Association. The 
objects of the Association in its new form are the detailed 
investigation and recording of the faUna and ftora of Colorado, 
recent and fossil. The Associatioa hopes to become tbe highest 
authority on all matters connected with tbe biology of the State, 
both from the acientific and the economic points of view, and 
through its Secretary and reierees wilt place itself at the service 
pf the scientific and general public in answering all questions 
within Xhe scope of its investigations, ami in identifying 
specimeiu that may be submitted for this pvir^K>se. 

The general Report, by Prof. Egoroff, on the observations 
made in Russia and Siberia during the eclipse of the sun of 
August 19, 1887, under the direa^on of the Committee of the 
Russian Physical and Chemical Society, is now published (in 
Rusuon) in the Journal of the Society (voL xx. fi); Seven sta- 
tions were provided with observers and instruments (at ^Wilno, 
Klkplsk, Tver, Petrovsk, Vyatka, Krasnoyarsk, ' and the 
Bay of Poistet), but ohly at three of them— Petrovik, Kras- 
noyarsk, add PoSalet— could the eclipse be observed ip detail. 
Fourteen eacellent photogn^hs were taken at Kraahoyarik, j 
and of these two are .reproduced in H. Egorofif’s Report, as j 
alto several dmwings of Uie eotona wh^ were made by hand 
at Ftitotsk, Vladhnlr, and ]^ces in Siberia. Varlone 'ebserva-^ 
tkm a^ pqgard to tW the jMwtuhersme«s ^ the 

el/the corona are j^Vi^lat jhd and its general 

eottehNih^ a^ «s .$aUoprej,^t} noon^ is not a merely 
it hos e and It maiatakied 

^ at eaoh ■ 
bsd ^s ea;% dl«t^t fz^ one > 

(«)'The. 

, ^ .w 
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observed in 1867 and 1878. lu peculiarities ate interesting in 
connection with tbe question as to the struemre of the tun and 
Its corona. Hr. Norman Lockyer, in his work on ** The Che- 
mistry of the Sun," expresses regret that he could not See, in 
1886, while in Grenada, those panaches on the poles pf the son 
which he had carefitlly studied in 1878. The photografbs of 
M. Hamontoff (Krasnoyarsk) prove that those currents e^sted, 
and that they were well seen on August 19, 1887. (3) There is 
a correlation between the distribution of the rays of tbe corona 
and the position of protuberances. (4) The brilliancy of the 
light of the corona is of the same order as that of the full 
moon (as shown by several photometric measurements, and also 
by the visibility of a Leonis in the nays of the corona). (5) The 
spectrum of the corona was an uninterrupted one, with feeble 
Fraunhofer lines. Bright lines were not seen, except for a 
moment at Petrovsk, where M. Stonaewicz saw tbe green bright 
line; the cloudiness of the sky, which resulted in a great 
amount of reflected light, probably preveuted the bright lines 
from being seen. (6) Polarimetric measurements require a 
bright sky; under other conditions false conclusions might be 
arrived at. (7) Both atmospheric pressure and temperature are 
lowered during the eclipse, the minimum coming at a later time 
than the middle time of the full eclipse. 

A GREAT number of meteorological observations having been 
made during the eclipse at various places in Russia and Siberia, 
Prof. Hesehus now sums them up in the same issue of the 
Journal of the Russian Physical and Chemical Society (xx, 6), 
It appears from the curves which he has drawn after having availed 
himself of observations made at twenty-five different stations, 
that the eclipse resulted in lowering the atmospheric pressure 
by about o*a mm., the minimum being reached a few minutes 
(about five to ten) after the time of the full eclipse, l^he fact 
is best explained by the condensation of vapour in the afihospheTe. 
The temperature was lowered by an average of i’*6 C. in the 
shade— the minimum being reached ten minutes after the full 
eclipse ; and by about 8**6 in the sun's rays— the minimum being 
attained in this case three minutes after the full phase of tbe 
eclipse. The force of the wind also was reduced, probably on 
account of the condensation of vapour in the atmosphere. The 
data as to the influence of tbe eclipse on the magnetic^ needle 
are contradictory. The influence of the eclipse on pIfthU and 
animals was well pronounced. The Atacia armata ibMed its 
leaves, while the Nicettana and Mirabilis jaleppa opened their 
flowers. In the marshy spots of Siberia, such as Turinsk, the 
mosquitoes made their appearance, as they usually do in the 
evenings. The well-known facts as to the uneasiness and fear 
which are felt by higher animals were confirmed. On the 
wholq, the Physical Society expected more important results 
when it oegaoized meteorological observations at so many 
statiema provided with physical instruments, but the weather 
was ^hfavourable to the work of the observers. Hilger*s 
spectrograigh for photographing the ultra-violet parts of the 
spectrum of the corona with the view pf detecting traces of 
coebon and oarboniferoos compounds, could not be used on 
account of the weather. 

The same periodical contains a record of Prof. Mendelejeff's 
impresaions during his hriloon ascent at Klin. The Russian 
Christ saw corona from his balloon for only twenty seconds. 
Hk View of the sUn was unfortunately obstructed by a cloud. 

'The Meteorological Council have publUhed Part 5 of 
“CoiririhntiopS to out Knowledge of the Meteorology uf the 
A;fcric R^iona'^ The four previous parts contained pdocilwlly 
resuUs fumhhed by the Franklin search 
m eastward of longitude xao* 

li¥, 1t e t ye mt 4^4l8T|8, bt^nteoindn^ thetw 
rite dam Sir W. %* Banfa enpaWon in Part $ 
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the region ofUehring Strut, and to ths tearcb ex> 
IkedUlie^ in thet direction between 1848-54. The whole series 
h*e bm diuQtsed in a uniform and most complete manner by 
Mr, R. Slracban, and all the available information relating to 
the physical phenomena, and to the movements of animals and 
birds, has been thorot^ghly exhausted, 'I'he work contains rrost 
valuable data for aoientilic inquiry, and for use in any future 
expeditions to those remote regions. 

THfC additions to the ^ological Society's Gardens during the 
past week include two Toque Monkey*. {Macatm piltatas ^ 9) 
from Ceylon, presented by Mrs. Ellen Hodson ; a Moustache 
Monkey {CereopiOwus cfphus i ) from West Africa, presented 
by Mr. Andrew Allen ; a .Common Otter {Luira vulga)-%s Q ), 
British, presemetl by Mr. John Crisp ; a Japanese Deer {Cefvus 
sika i ) from Corea, presented by Capt. II. C. Engles R.M.E.I. ; 
three Virginian Opossums {DUieiphys virt^niana tJ9 9) from 
North America, presented by Mr. G. !•'. Whdteley, R.N. ; a 
Common Champleon {Chanuvhon vulj^rh) from North Africa, 
presented Iry Mr. George Berry ; a Collared Mangabey [Ceiro- 
tollat^is) from West Africa, a Grey Ichneumon {HerpeiUs 
gfisevs) from India, two CockateeU [Calopsitta nmtvA^llan^iit) 
from Australia, four Snow Geese {Cken aJbtUm) from North 
America, a Larger Hill -Mynah {Gracula iniermedia) from 
Northern India, deposited; four KadiatecI Tortoises {TtUudo 
radiata) from Madagascar, purchased ; nn Indian Swine {Sus 
insiahis) from India, a Nilotic Trionyx ('Erionyx a^ypticia) 
from the River Nile, received in exchange, 


OUR ASTRONOMICAL COLUMN 

The Kino Nebula in l.YRA.^-Prof. Holden reports that 
this object, as seen with the great Lick refractor, shows far 
more detail than had been detecird either by Lassell with his 
4.>foQt redactor, <3r by the Washington observers with the 
great 26' inch refractor. With iheae telescopes thirteen stars 
nod been seen in an oval outside the ring, and one star had been 
seen within ir. The 36-inch Lick telescope shows twelve stars 
within the ring or projected upon it, and renders it obvious that 
the nebula coniists of a series of ovals or ellipses : first the ring 
of stars, then the outer, ami, inner edges of the nebulosity, next a 
ring of faint stars round the edges of the inner ring, and lost a 
number of s ars situated on the various parts of the nebulosity 
and outer oval. 

Comets Brooks and Favk.— T he following ' epheme rides 
are in continuation of those given in Nature, vol, xxxviii. 

p. 576!— 

* Comet 186B (hr ooks). Comet (Fave). 

tB88. R.A !>•€». ! RA. Wl. 

u ... - V _ 


29 ... 

n. m. t. 

16 47 54 

0 * 

.. 0 I4'i S. ' 

n. in. s. 

7 53 M ■■ 

S M’3 N. 

31 **. 

fd 52 12 

.. 0 59*0 1 

7 5 S 34 •• 

7 58-4 

2 

j6 56 26 

.. 1 42'0 

7 57 48 .. 

7 34'6 

4 ... 

*7 033 

.. 2 23*2 1 

7 59 53 - 

7 JI'O 

6 

*7 4 36 . 

.. 3 27 1 

8 t 50 .. 

647 s 

8 ... 

ao 

3 4P6 i 

8 3 39 •• 

6 ■^■3 

10 ... 

17 22 30 

- 4 iro 1 

8 S 21 .. 

6 1 ‘s 

22 ... 

17 IS . 

.. 4 51*^ S. 1 

8 .1 55 

s 3«7 *I. 


Comet 18S8 e (Baknard).— T he foBowmg ephemeris for 
Berlin midnight is by Herr A. Herberich {AUr, Nack., No. 
2861) : — 

x8e8. R,A. Oecl. Log r. A. Bright* 

h. m. R. rt , nuH. 

Oct. aS ... S4P 6... 3 44*7 N.,.. 0 3370 0*1498 ... 6 0 

30 ... 5 32 12 ... 3 ITS 

Nov. I... S2339... 2440 ... 0-3317 ... 0'i2i4 ... 7*1 

3 ... 5 M *4 ... 3 9*9 

5 ... S 4 a8 I 33‘4 ... 0 3265 ooij49 ... 8*2 

7.. . 4 5.3 50 - o 55-3^, 

9.. . 44231... o 16*0 N.... 0-3214 ... 0’07 t6 ... 9*4 

T%e brightness at discovery is taken as unity. 

, American Observatories. —Pi of. W. W. Campbell has 
been appointed to the position in the ObservaioTy of AOn 
Art)or whicK wm held by Mr. J. M. Schaeberlc previous to 
his appoimment <«s tssisumt at the Link Obj^ervaiory:. 
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The Observatory at lo^ College, OrinneU, Iowa, posaeaees 
a 5 ne equatorial of 8 tn^es aperture by the Clarks, and strong 
efforts are being mode to obtain a ttonslt-inatnimMit and chrono- 
graph, and sideveal and mean (docks, so that a time service may 
be maintained. 

The Carleton College ObMrvatoiy, Northifleld, Minnesota, is 
now n very well equipped institution, with transit and prime 
vertical instruments, besides the old equatorial of 8^ inches, and 
the new one of 16 inches aperture, the 30-foot dome for which is 
already in its place. A standard time service has been organised, 
and standard Central '' time — that is, time six hours later than 
Greeuwicli mean time— is distributed to nine railways, cmbrack^ 
in all more than 12,000 miles of road. The charge of this depart- 
ment has been given to Mias C. R. Willard. Dr. 11 . C. Wilson, 
late of Mount Look out, ^^incinnati, is Assistant Professor of 
Astronomy at Carleton C^oflege, and Prof. W. Payne, editor 
of the Sidar^ii/ AfdssinE^gr, is Director of the Observatory. 

Messrs, Fearnley (the Director pf the ChrUtiania Obser- 
vatory) and Geelmuydcn have published rone observatioir*; of the 
stars between 64“ 50' and 70* 10' north declination, made at the 
Olwervatory. The volume is a large one of 319 pages. The 
observations are preceded by an introduction giving on account 
of the work. 


ASTRONOMICAL PHENOMENA FOR THE 
IVEEK 1888 OCTOBER 2 ^N 0 l^EM 3 ER 3. 
/Y^OR the reckoning of time the civil day, commencing ai 
Greenwich mean midnight, counting the hours on to 94, 
4 a here employed,) 

At Grt^wicM cn Ocia^ 28 

Sun rises, 6h. 50m. ; souths, iih. 43^1. 49*os. ; sets. i6h, 38m. : 
right asc. on meridian, i4h. i2‘8m. ; deck 13* 22' S. Sidereal 
Time at Sunset, iqh. 8m. 

Moon (at Last Quarter October 38, 2h.) rises, 22h. Sm.* ; souths 
6h. 12119 .; sets. I4h. dm.: right asc. on meridian, 8b. 40 ‘tm.; 
deci. 19 “ 31' N. 


Piaiict. 


Right SAC rad dcclirwlion 
Rites. Southt. Sett. on raeridian. 

h. ID. n. nx. h. in. h« m. o / 
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S. 
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S8 

s. 
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13 

s. 
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33 
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7 
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51 

N. 
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47 

s. 
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17 
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I 
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9 

18 . 

■ 3 
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. 18 

4 » 

N. 


* Indicates that the riting is that of the preceding evtaing^ 
act h. 

29 ... 4 ... Saturn in conjunction with and I* 16' south 
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ON TNE ORTGJN Aim TMB CAirSATJON OF 
VITAt MOVFMFNT.' . 

X. 

A MONG the phenomena of life the movement of tnaasea, or 
mechanical work, takes a pitomiticnt place. It is the most 
ncccssible of all the vital procesee* to our sensual perceptions, so 
universally cli-trihuted, and so bound up with most of the 
activities of organisms that it might almost be designated the 
i^carnalton of life. 

In saying this it must be understood that vital mriveinent is 
by no means exclusively confined to animals— tlral it is not, ns, 
uns once beh.eved, a special animal function ; on the contrary, 
it is, an attribute of all living m^ter, as well of the lowest 
crcaiui es ns of the most highly developed plants, so thal^ how- 
ever exirao*<hnary it may, appear, the activity of our muscles 
which cnablts to transform aenaation into action finds an 
analogue in the plant. Our conviction of the inter- connection 
nnd profound unity of all living things has thus a physiological 
rmmlation, based as it is not merely on the community of deriva- 
tion and of structure of living things, but also on the proof of 
similar aciiviiies. 

If a division of the morphological from the physiological is in 
;iuy way permissible, it may be said tluit the unitary conception 
of life for which our age is distinguished rests in a higher degree 
on the knowledge of vital processes than is commonly recognised, 
and in fact is iuet os much founded on physi logical experience 

cm that of the forms of the organic tv. 

From the traditional conception of life, which scarcely con- 
tained more ihaii that everything between life and death is the 
antithesis of the not living, it is a long road we have had to 
travel to attain to the modern concepiion of the, f/'rf/ unity of 
life ; and a remarkable road, since it hears witness to Xhe con- 
fident aiiiicipaiion of victory, in face of all impediments raised 
up by science itself, Movement, and nothing less, hod been 
placed at the summit of that antitliesis, which physico- chemical 
researcli in the animal and vegetable kingdom had revived wiih 
the discovery that the plant transformed kinetic into potential 
energy, nnd the animal the latter into the former. While the 
animal made u«c of oxygen to generate heat and perform work 
through die ineiaboliam of its t-ubsUnce, the plant made use of 
the heat in reducing and ^thetic processes for the accumulation 
of potential energy in the form of its own CDnsumaUe substance 
and the expiretl oxygen. 

With whatever tinaraailable coirectfiess this cojQception com- 
prehends life Qs a whole, affording a pleasing solution of Us 
antiihe'-is by referring animal activities to nourishment by iJic 

D It, (he latter to the products of the combustion of the animal 
y, and both in the last instance to the forces of the, sun as 
original source of all life, yet lA’J did but cast up the sum-total 
of the pir cesses of Hfe, and did but express more intimately 
than before that which dhides the most highly- dev^ped 
branches of the animal and vegetable kingdom, in which the 
diveiggence of forms and airmigements re greatest. For fy the 
side of this distinction ^re axista evea between man and the 
most highly elabtnaud plant a connection of a Uhid quite other 
than the symbiotic intempeiKlence througfh the. medium of light, 
air, nnd food, a cp>nnMuy,. however* which it ant disclosed 
until we go back to the ultmile ebmoale of oegahimtion. 

As in the animal synthetic pcooesaes «ve not wahthig, 
which it could ned even proonee. a mejecnle of the colouriiig; 
maUer of lU bloqd, IKo in the plant we are acquainted^ with 
sociationsaiidcombstatiofi, ai^ also with evoludon of heat and' 
movement of htsuuea; not th^t by this I refer to those oearbr 
movements Which ;aro; ixdoiwhie Co tungescence** hot piilpiitrve 
movements, which we find hint in the smaller ^enueutfry 
oiganiwns; of wldclt aliliving b^ogi nip made up, 

\Ve have almost tp lived to see tho oM antici- 

paiion of a singta things become giHdually an. 

established trutlt Ubmgjb the dMqivm cdh After the 

' grounddines of the eoDsttudtlljls: cC anlnials- ont of 

oriainaliy sin^ ttue/ea^ befh ^nstaMMied by Ht. 

Schwann, and since I>av»N^1uhn»oi^tw^ ^ to 

derive evdvythiisg that eyerlMiit^ or Wi)l'Uwe onesio^e 
cciu we have come to realise tbnt«^ ||i^nigani^ 
itself the work of/pset ml uaeir up Inam a 

rinfawtf tier 


germ similar to that from which its most ancient" ancestors 
B'artedi 

'rhis conviction has become so firmly implanted inour^nera- 
tion that now we scarcely feel the gaps which still exist in our 
actual knowledge, and almost unjustly under-estimate that which 
the investigations of our contemporaries yet add to the cell- 
theory, as if it were mere work of repetition. And yet it has 
been very extensive and decisive — for example, the recent 
researches upon the intimate s,tructure of the cell -nucleus — since 
nothing less results from It than that the reproduction of the 
^ell by fiaSton. takes place identically, down to the most minute 
details^ in all animals and plants A 

Now, if the s/tapttiT of the cell nnd all the fai/ttofsir^ of 
forms is an dclnn^, and if Morphology, “since it has made the 
arieifeT of form more its siud^ than the describing of what is 
alreatfy completed,’' has become }>art of Physiology, it might be 
possible and conceivable that research directed to all activities 
and going beyond the tnsihle form to the chemical components 
of Che struct ures and the transformation of substance and force, 
should observe great difterences in processes where all our 
morphological experience would only have shown identity. We 
were near enough to this point ; for if it were true, as was long 
assumed k that that which is the bearer and the seat of the most 
essential of all vital processes tn the cell is completely formless, 
It is -not easy to see why the form should be so determinant of 
function. 

We have hope that this is not so, and will endeavour to show 
in Movement tne functional as well as the morphological unity 
of all living mailer. 

As I have already said, there is an elementary kind of move- 
ment in the cell, carried <iut by the cel I- body— that part of the 
cell which, in contradistinction to nucleus, membranes, and 
various In closures, has been designated protoplasm. The proto- 
plasm moves itself, as in the ca«e of certain free-living Proto- 
zoa, like the long*known Am(x:ba, like the so-called sarcode — 
In many cases better comparable to the movement of the pseiulo- 

d ia of Rhizopods, The resemblance of the latter to wnai w'as 
nerly called the Rap-current in many plant-cells, led Ferd. 
Cohn® to interpret plant protoplasm as sarcodc, an idea actively 
supported by Max Schullze,® the best authority on ^weudopidial 
movement. It is not necessary to say here how widespread 
protoplasmic movement is, for there cannot be a cell that does 
not present it at some stage of its existence. Doubt on this 
Mihject can only exist in regard to the smallest of all organisms, 
thodeof fettnentation, of putrefaction, and of pathogenic activity 
which are too small for observation. But even in these, from 
the movement they [>erform as a whole, we have grounds to 
infer the existence of a protoplasm. 

It M proved that protoplasmic movement does not follow 
external impulses or currents, but is a spontaneous activity. It 
ttmy go on in opposition to gravity, and overcomes frictional 
resistance^ as shown by the mass itself moving forward on 
surftkcos of evew kind, and being able to drag heavy bodies 
along with it. It is proper mechanical work. 

The cause of the movement can only lie an internal one, 

■ wsiding, in the contractile substance Itself, and can only consist 
of chemical processes taking place within the peculiar i^nsty, 
slimedlkMiiUss, Yet the question had to be pm. whether these 
prOccffeM Wcre not first set up by soasething coming perhaps 
from tite outsMe, for the movemsnt changes, sometimes stops 
or tkhes jrfucO iBore slowly, or occurs but partially, and may by 
iftany meuRi bp urtiflcildly aroused or diminished^ 

At this point experimental phy-iological research had to step 
attaOklBg the problem in the same way as it had long before 
^ donein the eaae of the most highly ^developed comtractile struc- 
^ turmb the imwc^. A muscle behaves so far jtwt like proto- 
plgsio ihot ite coniracrion does work, which can only depend on 
' dipiwlQal txahsforni^utcau of its own substance, during which 
cowverred inio kinetic energy ; but it difltem in that 
a lODindie from without U needed to set the gampgoiojg. 

hi normal oornSriona it tecclves the initiating hopulse fitom its 
nervp^ aiM nothiog aim appears able to take its place* since 
nothing thxt might otherwise act upon h, sadi as the mmion of 

* Th* oa^ost cfuap^ sxpojiuwi of ttw« importi^ 

I t«arvductiMi4^th«,ffril is to l» fouinl in th« bookyf W. VHn 
ICim wxl ZoUtlwikinK*'* kai|wig. iSSa, Cf. tho *_Itai 
UWjwsfeht** (p. j»sk wirh the imm tha yotja of SeInniOtr. 

SoalHburf^. Batscbti, Ftewmlng, O. Hwtwis;, and tmomchta oi 
Aii6rbHK, ,B»lManl, vu Ikaeden. Ebaeih. SeWaicW, BalfWf and othsrs. 

* ’‘NBclttrftro w*r |tourga«chioKM <h* PfMBCioatf^ptavktilia^'' N^a 
A$$m.ADdd.£eo^: C*wr.. w*!. «il Part ?. ». 
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bloiod Qr changes in its constitution, disturbs Us rejH>se* 
if we let electric currents traverse the muscle, or if we 
siaMenly change it# temperature, or act upon it mechanically or 
d'leniiCHly, contractions result which do an amount of wdrk out 
of aU relation to the insignUicant impulse ; the means employed 
otdy Mt going the procew peculiar to the muscle ; and this is 
what is meant when we term them siimuhi and the faculty of 
mui^es to react to them irritability. 

Kow, is protoplasm irritable in this sense ? Experiments on 
objects of every kind have answered this affirmatively, and, 
more than that, have even shown a striking agreement with 
the irritability of muscle. Of the above-mentioned agents, In- 
sides rise of temperature, which ultimately sets all controclile 
cell-substance in maximal contraction — a heat tetanus^ which 
disappears with cooling — the electric current has shown itself 
the most efficient, the stimulus which most surely excites 
muscles of every kind as well as all nervous matter, and has 
thence become the most indispeosablc instrument of physiology. 

1 may be permitted to adduce an example because it illustrates' 
what is typical and essential.^* It is the case of the fresh-water 
Amccbsc. Every time these organisms, moving like melting and 
rolling drops, ore subjected to an induction shock, they contract 
almost to a sphere, and assume tlie spherical form completely if 
the shocks follow each other at short intervals, being by this 
means fixed for a longer time in this condition. Feebler shocks, 
which singly have no effect, become effective by summation 
when applied in quick succession, just as in the case of muscle. ^ 
If the movements of the animal by itself are sluggish, on 
electrical stimulation they are strengthened and accelerated. 
Thus the stimulation increases the natural movement, and if 
increased stimulation brings about repose, it is only the apparent 
repose of prolonged maximal contraction, like that of our 
muscles when we hold out a weight for some time at arm's 
length. All protoplasm behaves m this way from whatever 
source deriveo. Larger masses which cannot contract to one 
sphere (as in many plant-cells, or those great cake-like giant 
masses of the plasmodium of the Myxomycctes) form several 
suph spheres in part connected by thread-like bridges. Every- 
where the taking on of a figure with smallest surface is the 
result of stimulation and the expression of augmented con- 
traction.® That which was outstretched becomes shorter and in 
like measure thicker, just as a muscle swells when it shortens 
itself. 

Since protoplasm, which either does not move at all sponta- 
neously or so slowly that we cannot perceive it, read# in the 
ai^e Way to stimuli, we must in the case of Ordinary movements 
in^ Ihe existence of processes originating them dther in the ^ 
interior, f.r. automatic stimuli, or of external processes which 
had at first escaped us. Whoever sees fur the first time the 
action of any one of the simpler independent Prolozoa cannot 
avoid the idea that psychic activity in the strictest sense of the 
term lies behind it, something like will and design. He sees 
the elementaiT being seeking and taking up food, avoiding 
obstacles, and when touched by foreign objects energetically 
drawing back, so that he infers sensation also. Possibly he has 
struck the correct solution— at least we could not refute him — but 
we should put hU deduction to a hard proof if >ve showed him 
the same phenomena in the colourless celts of his own blood, or . 
in the protoplasm of a plant-cell ; and if we placed him licfore 
tl^ rhythmically contracting cells from the Wting heart of a 
bird’s incuMted barely a couple of days, ho would certainly 
wish with us that the search were for a more material cause, and 
hope that among them some chemical or physical cause might be 
found to set up the process. Biology cannot indeed yet claim 
to have established such causes in explanation of the automatism 
of protoplasm, but no one will blame the science for continuing . 
the search for them. 

Some causes are already excluded, light, although there 
are a few micro-organisms whose movements are excited by k.* 
Fluctuations of temperature may aLo be left out of acebunu On 
the other hand, oxygen has a notable influence.** Withdrawal 

^ W. Ktihne, ** Untennichunccn itber daj. Protopla:imH und di« 
CotiiftiUtllitfit/' Leipsig, 1864, pp. 42, 6e, 87, io«, 

" Kflhne. p. 30 

a Tti. W, Edgalniann, five years Irtter, confirmed the .passage of proto- 
rlMm, especially of Anueba, to the sphericnl fornt on sUmvUting; cf. his 

Baiirfige zur Phyftiolugte des Prctoplasniaft." J]/!tlger Arc^nf, vol, ii. 
iWy, p. 31& and Hantlbuch d«r PhysLdogte. herausg. yon L, Harmann," 
vol, i. p. 367. 

4 EngAUDBiui, U«bar dtc Rvicung des contrakdlcn Pmtoplasm# durch ' 

plMihcne BeWehtung,’* PflUgtr An^iv, voJ. xin. p. i, j 

5 Ktthne, 4 ^.; pp. sw 8^8p, 104-106. The ccMstloa of the so-called 
Bap-ttream In the oellt «f oa excluding the air by oil waa obeerved ax ' 




of the vital air stops all<^ppoto]»lm#Mic movement, though without 
killing the cell-body, as U seen from the fket thht after the loss 
of automatism electrical Stimulation caji supply its place, and 
that the normal movement returru on read mitting the air. 

We might thus consider oxygen the prime mover in automatism, 
and processes of oxidation its essence, did we not remember that 
many objects need very prolonged withdrawa'fr of the gas to 
come completely to rest. This might, however, depena up6n 
the difficulty of removing the last traces of oxygen com- 
pletely, or it may be that these cannot be removed by the means 
adopted, but must remain until consumed by the protoploom 
itself. 

Since protoplasm is of pap- like softness, and may be in a 
state of rest or motion at any snot, its exterior limits are just 
as capable of change as everything within it is capable of 
quitti^ its position and taking up any other. Thus the move- 
ment cannot become more ordered until obstacles confine and 
direct it. Between the perfected organization of contractile 
substance in muscle and that of protoplasm capable only of 
unordered movement, we meet a succession of significant steps 
by means of which we can see how the ordering Was attained. 
The first step would seem to consist in the uncommonly wide- 
spread flagellar and ciliary motion, in which an elastic structure, 
affixed on one side to the contractile ma.ss, is drawn down or 
bent by its movement, straightening out again in the rhythmic 
pauses of repose. A further step, at which the contraction can 
only take place aMg an axis, consists in the arrangement of the 
protoplasm in fine strips wholly or partially surroonded byelostitr 
walls, or again in elastic fibrils being embedded In protoplosnitlp' 
processes. In this case we have actual primitive muscles befo^ 
us, of which the most elegant examples are known in the 
Infusoria among the VorticelK'c and Sten tores. The movement 
of these structures is quite like that of muscle. The strips 
lengthen and thicken, and they may also he contracted in quick 
twitches or in a prolonged tetanus, the relaxing, like the stage 
of diminishing energy of all muscle's, always proceeding more 
slowly than that of the increasing energy hejorc the maximum. 

The muscles of the unicellular Infusoria, no loiter doubtful 
in a physiological sense, show us muscle as a constituent of the 
cell, and differentiation, without the production of new cells 
specially endowed for tl^e purpose, taking place in one cell to 
the extent of elfU)orating contractile? elements determinate in 
form and precise in work. It is vefy noteworthy that side by 
side with these muscular strips provided with highly regulated 
movement, other protoplasm persists, which continues unin- 
terruptedly if# ordinary unorderetl movements, while no such 
unre« Is to be remarked in the muscles. On the contrary, these 
latter are only used from time to rime, apparently for attaining 
distinct objects. We get the impression that the automatism 
has, as it were, been lost by this portion, so that it must wait 
for stimuli to reach it from other parts of the cell If oxygen 
really applied the firat spur to the protoplasm, it hoi no direct 
power over the primiuve muscle, so {hat compared with the 
protoplasm the muscle is endowed with a diminished irritability. 

It has oBdn been said that protoplasm presents the complete 
set of vital pfwnomcna— assimilation, diSsidnll|tion, contractility, 
automatism, ^Sorption, respiration, and secretion, and even 
reproduction by dividing. Leaving nsproduction qn one side, 
as now’ disputed, and on good groi^hds, w* jcan assent to the 
assertion, Oiid examine which of tl^qse hmetiona remain for the 
product# of differentiation. Xh the dke of the muscle, we find 
- It to be all pf them -with the exception of a single one ; for, 
while it undoubtedly takes part in nutrition asun respiration ond 
cipri«» on a Chemical exchange; all of which ar# tndispenaable 
for contractility, Le. for its Wort and since secretion generaMztrd 
sigbffiea merely tho throwing off of brokemdown products, it 'I# 
wanni^^^ln automatism, that faculty of reading to certain 
stimuli, which remained reserved for protopttm. In this there - 
is bOthing Opposed to the assumption th^ protoplasm os opposed 
to ibuscle pdosesses elementary mrvoi^ properties. 

The aboTST^is sufficient to sjicsfr the transition to the very 
highly dev^ped fohtor apufl#?atus which diatinguishes the 
animal kingdom Trom a1mo£! U# lowest stages-^! mean the 
bbtcellttlar t^aratuB, wfikh consists of separator cells united 
only for W purpose, orte Of wHfoh present# the ekcitlng nerve, 
the other the obedient SttUsefo. ; 


Froih pa«t:^experieqce Wc.knoW th%t drviiionof the nerve, or, 
more corr^y 'speaking, r^ov|U t^f the, nervous' cell subftanoe, 

w *9 Hai||db^der Physiol. ^ 1 , p. ySs. 
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conde«<i« the muscle to rest. ,»tlamU then start from the 
nerve-cellf to them the mu^cto teatt % doing work, and they 
are conveyed to the muscles throo^^e continuation of the cell 
whi^ tb^ nervc-^^^tf presents* We heed not yet trouble our- 
selves how the excitation of w nerve-cell arises, whether 
through extemal-HKnsory-— stimuli, or through an enigmatical 
psychic act, or through chemical influences ; certain it is that 
these were, before the division of the nerve, the Sole impulse 
to the ’muscle's movements. But what the muscles lack we 
can supply artiflcially, and more ; we can put the nerve-remnant 
in such manifold states of excitement os it never before expe- 
perienced from its cell-body, so that the muscle is compelled to 
undergo many kinds of ipovement quite new to it, and we cun 
attain the same result hy direct stimulation of the muscle. 

In the circle of llwe experiences arose the controversy, not 
yet quite coded, ^ as TO muscular irritability ; properly, the ques- 
tion whether it was, in general, possible to stitnulate anything 
artificially that is not nerve— that is, to set free the activity 
peculiar to a non-nervous structure by the means at our 
command. 

Haller, who was the first to occupy himself minutely ^h the 
sthnulation of muscle, end introduce the term irritability, de- 
cided, but only incidentally and by the way, tlmt the stimulus 
dould strike also the ram Incations of the nerve in the muscle, 
and he was far from interesting himself in the question in the 
modem sense, or from suspecting (he point of view from which 
the independent Irritability of muscle would later on be ques- 
tioned. We ought not to blame him much for the latter, since 
, to-day it is not easy to understand the motives of an oppo- 
itition now continued for more than a century. At the outset, 
if 1 am not mistaken, the teaching of the Animistic, or, as it 
might now l>e called, the Neuristic school, led to the conception 
that not only the excitation and regulation of the various func- 
tions, but the actiul endowment of the several tissues with their 
respective activities, was the work of that everywhere pre- 
dominant and distinctly animal contrivance, the nervous system. 

In connection with this, there seems to have arisen the view of 


the ubiquity of nerves — that is, of so fine a penetration of the 
parts with nerve radiations, that, especially in muscle, not the 
smallest particle free from nerve could be demonstrated, a view 
which, on the strength of microscopic research, is coming up 
again at the present day in a constantly new dress, and finds 
energetic adherents,* but, as we shall see, to be refuted, espe- 
cially by experiment. If wc disregard this, we shall find the 
tendency to consider only nerves as excitable, in some degree 
founded on the differentiation whicli transfeired automatism to 
the nervous matter, robbing all the remaining tissues of Irrita- 
bility, so that they only retained the faculty of reacting to the 
stimulated nerve with which they were bound up. This was as 
much as saying it was impossible artificially to replace the 
nervous stimulus, .or that, if we did succeed, we were strictly 
imitating it, in which case, indeed, we should have come un- 
awares upon the sofotion of the problem of motor innervation. 
Agahut such atguinenfs it availed nothing to pofot ont the 
excitability of nerveless saroode, as was often done an fovour of 
irritability ; for, just as it was formerly useless, luicause the real 
genetic conoectioh of sarcode. and muscle was not known, so 
to-day it would have (o be rejected, because automatic protop^m 
can also Iw correctly considered nervous. 

A Don-irritable muscle would strike us as strange enough, and, 
against aU expectation, different from the nerve, Vhen we c3n- 
sider that the nerve-fibre, although incapable of being affected 
by all the nktural atimfili which excite its gangUoq-cells, free, 
lhat is, from automatism, is artificially excitable at every spot 
by the most difibitnt s^t$. However, we have no further 
■ need of such conside^ibns, since the question of initabilit^ lies 
within a region^ whe^ U^0s4 of speculation^ observation' and 
experiment havefbecome d^siye. 

T * J. RMSUthal, AUfSowkie ^hTrioloaie der Muskriu ui^ Wemn,’' 
Lwptig^ 1677^ p. ajyi- y- ' ^ 
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As a matter of fact, the older statements, long considered a 
good basis for opposing irritability, are incorrect, as, for instance,, 
that an excised piece of muscle in which no nerves could be seefl 
with the lens did not twitch on stimulating it. 

We can show you a little piece, 3 mitlimelres long, from the 
end of the sartorius muscle of the frog, in which the best 
microscope discovers no traces of nerves, easily mode recogniz- 
able by osmium-gold staining (Fig. 1). Such a piece, trans- 
versely cut off, twitches, as we know, at each effective muscular 
stimulus. Pieces which con be obtained free from nerves from 
many other muscles behave in the same way, as, for instance, 
pieces from the delicate muscles of the pectoral skin of a frog 
(Fig. 2). 

Further, the assertion was inconect that everything that ex- 
cited the nerve made the muscle twitch, and vic^ vgrsd ; for we 
see here a sartorius suspended in ammonia vapour, contracting 


Fic. 1.'^ Fio, 2. 

( 

powerfully, while a nerve entirely submerged in liquid ammonia 
appears wholly unstimulatcd, for it does not rouse the thigh 
muscles from their repose. 

Conversely, we see a thigh whose nerve dips into glycerine in 
maximal contraction, and, on the other hand, a muscle in con- 
tact at its excitable end with the same glycerine remains at rest, 
yet it twitches if I dip it in up to its nerve-bearing tracts.* 

These are old experiments,’ and it is admitted they have over- 
thrown the earlier opinion. But tb^ have not been deemed 
sufficient to prove muscular irritability, because the ultimate 
endings of the nerves might have an irritability other than that 
of their stems. This is the only objection still raised. One 
could wish no othet were conceivable, for this one admits of 
refotatiom 

( 7 b h CQntinuid.) 




THE HEMENWA K EXPEDITION IN 
ARIZONA> 

■pjR. JACOB L. WORTMAN, of the United States Army 
^ Medical Museum, has just returned from Aritona, where 
he has ^nt the winter and spring attached to the Hemenway 
South^^Westem Archceologicat Expedition under the direction of 
Prank Hamilton Cushing, which was mentioned in the March 
dumber of the Nafttralist^ and he confirms the importance as 
well os the genuineness of the discoveries of Mr. Cushing. The 
Expedition IS thoroughly equipped and well organized, and its 
investigations have been conducted in a vigorous and scientific 
manner, with special reference to the many details which go to 
mdke cbllodtioAs of this character of value to the scientific 
stUj^nt, only have the ruins been carefully surveyed and 
Dpiapped, but each sp^inten has been labelled with great care, in 

‘ The dimwings, Figs, i, a, 3. 5i 8, are taken from tho papers of Dr. K. 
Mays, ** HtstopnMiologiiche Untertuchungen (iber die Verbreitung der 
Kerven in 4*n Muskem'* {Zaiischr^ vob xx. p. 449b “ Ueber 

Nervadhsertbettungen In den NarvetuUmmen der Froschmuskoln’* 
iZHiukr. . voL xjtH. p. 314) ; Figs. 0-13 ora from the author's papers 
in Z$iUci^* vol. xxut. m. i-iaB, >Utes A-Q. . , , 

• Ttv^ esqMmetUs were penormed duniig the lecture by projecting op the 
wetlimages of the pPdparad'ms enlarged some thirty time*. ^ 

S KtthM, : ** Uober dfrekte und tndirekte Muskelreuung raUtelst 
chwidwhor Agencion,'* Ai%kiv,f. Ammi.t *8s9» P- 

V 4,IUnrinieii from the AMurieatt .Ytf/Vrw/w/, June iMB. Tne writer ia 
Mr« 1^mak Wilson, of the Smithsonian Institutton. 
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$tich a martncr tk to indicate exactly where Ybund, together whh 
flP such other fects in oojaxtection with it as wJU be of uae t<^ 
tfefe etudent-. ' 

The Expedition has for iis^ object the atudy of the ancieot 
cWliiaatioi^ of the south-west, and if the resitlft of the first year’s 
work ettn be taken as an index of i^hat it will accomplUh, we 
may confidently i 6 ok for a solution of this perplexing question. 
Already a' large and valuable collection illustrative of the culture 
of these prehistoric people has been secured, and it is a matter of 
cOn^atuIntloji that it has been so collected that the scientific 
student can get all out of it that it can be made to tell, 

Mr. Cushmg’s ethnological training has been in such a direction 
as to give him a pecu/iar fitness for the position which he 
occupies, having spent six years or more in studying the aocia! 
institutions, customs, habits, religion, and language Of the 
modem Pueblo Indians, atid this thorough knowledge of thosO 
indispensable to the proper interpretation of the facts giuhered 
by the Expedition. The anthropological work is in cha^e of Pr. 
Herman Ten Kate, a native of Holland, son of the distingpishod 
artist of that name. Dr. J. L. Wortman, the Anatomist of tfic 
Afmy Medical Museum of Washington, is his assistant. Mr, 
Adolph Bandelier, whose knowledge of the early Si^nish hnd 
Mexican record.s is well known, is connected with tbc E 3 ^>^Hi 9 n 
as historian. Mr. Chas. A. fiarlick is the civil enchiecr fluid 
topographer. Mr. Ered. Hodge is the draughtsman awT secretary, 
while Mr, Yates h the photographer. Mrs. Cushing and her 
sister, Miss Margaret Magill, are also members of the party, and 
have rendered important aid in the classification ahd care of the 
specimens. Miss MajjiU’s artistic talents have been of special 
service to the Expedition by reason of her clever sketches and 
drawings of the specimens in situ. 

The locality in which explorations have so far been conducted 
comprises the Gila and Salt River Valleys, situated for the roost 
part in South-Western Arizona. They arc fertile tracts of large 
extent, and there can be little doubt that they were once occupied 
by a thrifty and prosperous people, whose hi^to^y remaina un- 
written. The Rio Salado (Salt River) is the principal tributary 
of the Gila, and affords abundant water to irrigate Its vaHey, a 
tract inclndmi^ a half a miltioo acres, or more. The land Rir 
the most part is covered with cactus, sage brush, grease wood, 
and mesquite trees, but when cleared and brought under irriga- 
tion is made to prepuce abundantly almost any and all the crops 
of civili?e<l husbandry. Fruits and cereals grow tn profusion, 
and the land is said to be well adapted to the growth of cotton 
and lohftcoo, , The land rises from the river at a gentle slope, a 
fact which is of great impr>rtanoe to a syateni of irrigation. At 
the upper or norin- western end of the valley, however^ the xiver 
is bordered upon ihe south by a. mesa which slopes away do the. 
Gila, no mountains intervening between the streams at this 
point. Water brought from the Salt River upon tfiU mesa can 
lie made to flow a distance of twenty miles to the south* or into 
the Gila, and will irrigate a tract many miles in extent. This 
these ancient people did, and, scattered over thu flain from tho 
Salt to the Gila are to be found the ruin* of Iheir vdlagea, towns, . 
and cities, long since crumbled into dust, and now overgrown 
wkli a thick mesquite fore.st. 

Their hou.scs were for the most port luiilt along the main 
irrigating canals, and are now indicated by iirttular truncated 
mounds, of various dimensions, thickly strewn witn fragments qf 
broken pottery. Excavating these mounds, the foundations or 
ground plans of the buildings wore diScoveted* Sbme of them 
were large, often several hundred fact sqatfC* and. aceordhig to 
Mr. Cushing, three pr four stories in height. They were pon- 
slnicteil usually oX adobe bricks, but in some instances they i 
inclsHed the adobe between rows of upright posts wattled with i 
cane or willow. Each hbuse would contain from two to five 
hundred rooms, and is tboi^ht by Mr. Cushing to have been the 
house of a clan. A considerable groujiing of the communal 
houses constitutes what Mr. Cushing has called, the cities of Los 
Muertos, Los Hornus, Los Omuiacas, Los Puefdltas, Los 
Acequias,, &c. They are not built with the reg^tority of our 
modern cities. Los Muertos (the ci^ of the (lead) ciiii he traced 
Tot three or four miles, and includes aonse ifoc^ or fffry of thete 
gmi^ communal structures chat have been ao far unearthed, but 
if systematic aearch he continued double or qmukupie this 
number will probably be found. 

A cbamcterutic fsature of each of these cities, ntrd one which 
prabably led Mr. Cttshte to designaie them «s such, ii,4unzin 
of much.ifrttater dinehSona than any wif the mast, Is i 

invariably surroumicd % a strosqs rtafo&de indotfog a. 


ocMsiderdbljs ^ee of' bard. kiclcM s^ce around the 
hnga MMing ortemplsrls supposed to Have been for the purpose 
of protection in tiin^ of War, when pressed by an enemy, and 
tho large 'building itself served not only ha a store-house for 
a reserve supply of provisions, %nt also, if wo are to thtilge from 
the rertiaihs am iiri^ements, was the abode of tho ruler or chief 
priest of the people of the town. 

While ho accurate computations hare been attemptHSi ft is 
siipposied, taking Into consideration the number 01 tbtVns or 
cities known tu have existed in the Gila and Salt Hiver 
Valleys that the population could hot have been less than 
htmdred thousand. There is every reason to believe that these 
; i^Idccs were not successively, but ^ihnultaneously occupied, 

I especially when we remember that they constructed targe 
I irrij^ting canals for a distance of fifteen or J^iwenty milei, which 
witndheir rude implements rau^t have been a g^aniic under- 
taking. Their imgarirtg system was extensive mid complete, 

' and covered almost, ff not t^oite, al! the cofrivable parts -of the 
? t#o,\^Ueys. The present mhsidtanta of tlfo soil have' taken 
i 'advantage of these ancient waterways, coniitrucled at such 
eupendilure of prdiirttoric labour, and they noifv run many of 
; their irrigating camth in these ^tches. These ancient canals 
: constructed with care. A eross'^section exhibits a scries., of 

I terraces widening towards the top, so that a large or smsilY 
quantity of water could be accommodated and a good depth 
secured. After the canals were dug they were pud died ami then 
burnt, probably by filling them witq brush and then setting it on 
fire, 410 that they almost equalled teira- cotta in durability. Mri' 
Cushing is of opinio n that they were not used for Irrigation 
alone, l>ut for navigalion a.s well. There are indicationi. that 
they used rafts made of reeds (balsas) for navigating these canals, 
and this appears more probable from the heavy materials that 
have been brought from a distance. It seems certain that they 
floated the pine timber Used in their building operations down 
the Sail and Gila Rivers from the distant mountains ; it is too 
much to auppoac that they carried this material tipjii I heir back'- 
for a distance of a hundred miles. 

The bnrial customs of these people were peculiar, anfl cuiv 
sUted of two methods, viz. cremation and intermeiit. In the 
case of the priestly class the body was Wrapped in cotton cloths 
and deposited beneath the floor of the house. Generally the 
bodied were laid along the east wMl of the butldiq^, with head 
to the east, although thN custom was not invariable. When n 
person of thU dsm died, a grave was dug in the fl^r, a foot and 
a half Or two feet. deep, and the body ptacerl therein ; it was then 
co^'cred with adobe mud -and packed firmly around the corpse. 
When this covering dried, and the soft parts and wrappincs dis- 
appeared, the skeleton would be found inclosed in a rude sort 
of sarcophagus. In numerous instances, two, and more raroiy 
ffiree, Skeletons were found in one grave. In all such cases of 
double or triple burial the skeletons indicate that it was male and 
fomale, or one male and two females. Buried with each cadaver 
was a food vessel and a water jar, and sometimes several of 
<*aoh, Often, his^y decorated. That they were wre|)#d in 
cloths, prestime^y of cotton, is evident from the impreSt^ of 
the Ofoth made upon the sdft adobe coveting. Fragment!! of 
this maforial were found presorv^, notwithstanding its 
decomposed coodition. 

Connected wfrh each comumnol structutt iswhat Mr. Cushirig 
aptly tern^ a p^l mchind, since the bodies of the common class 
^re bumed arid theit poseesrions destroyed upon^ts spot. 
The ashes and Ibagments of the charred bones ware collected and 
placed hi a bntihl urn, which had been previouriy ** killed,” and 
the whole barlM in close proximity to the ^t. The accumula- 
tions of (his cheered and fragtnentai^ tneterial now make mounds 
of sizable dimpsions, which in itself wodM indicate a long period 
of ooenpancy. In the case of tbs pyrid bntis^ ev^hing was 
bredeen and djBitroyed, while in the ^estly b^ials the accom- 
paniments wme 4ways whole. In one case of the priestly 
burials not oifly were tike usual acoompaniments precjcnt, but a 
qnanrity ^legr-headm and « largo stone Jsnife, 

tagather with ;hi>maifoflis iuh|U«foe emumaata and materiak Jor 
imaytfog,^Bi fouhd dmpqsited in thei gmve. This hidivldaal 
Mr. Cu^ngiitentified fr-nm hw jMnphcmatia' as beloqghig Sa 
aH prehabilE»ijto the priaeihood M some saar arder* -and this 
eecaii more frofaalde Nluii we oonae to exarntne the skoletoii, 
for fe ited MMiflilaed ’t fraortii^ of' ^ era* a^ 
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temaini in iStevkinity ttf the mounde. 

The ftkeietOQSf as « mk^ «o iniU that compaxmtely *few 
could be preserved. Of the whole rmmber ebouc ooe hundred 
fgood akulUf and probably fifty tolerably complete skeletor.Sf 
were coUeeted. In'ese #ere so frail that Pr. Wortn^an was 
compelled to use a gOodW guppty of ahellac varnish to keep them 
from fitlUn^ to dust. SifleAte of aoda was trled^ but it was not 
found so ^od as the otdi&aty rheUac dtssolved in alcohol. 

Tht't^eets which go to moke up the collection ate varlarat* 
and comUt of those of anxnment and utility. Numerous shell 
carvinyiit some of which had been beautifully inlaid with 
turqtrotse^ were finind, white a very few copper ornaments in 
the shape of bells and Car-vlpss were also dug up. Their tools 
consist almost entifely «f Stonei and were, for the most part, 
polished, though sncK imptentmMs as potter.^' stones, raeps, mauls, 
metates, &c.,^ere ne^ pottshed. Oneir stone axes and hatchets 
are of the ordinary pattern, and are generally well polished ; 
they uip of various sises ana shapes, and some Of them were no 
doubt uted as picks in diggi ng up the hard cement and gravel 
in the coftstructiQ| of^eir irrigating caaaU. Stone hpes, 
knives, and arrowheads were also tottud in abundance. 

The collehHoir of pottery is bnge, and, aecording to Mr. 
Cusping, resembles tnat of ZufH manufacture more than any 
other people. It is often ^highly decovate<l with quaiitt and 
unique patterns, in variouB colasirs, and same fragments exhibited 
a fine glaae, which indicates a hkb state of the eersmic art. 

That they were acquainted with metals diere can be hvA little 
doubt, otthough they do not appear to have madeuse of itaxoept 
in the way of onwtmetit. Some places in the xwighbottnng 
mouataim seemed to indicate that they mined for oie, whicn 
they smelted in crude ovens. Whether this was copper or the 
precious metals U now difficult to determine, but that they were 
accustomed to bring these ovens or furnaces to a very high heat 
is indicated by the slag in their immediate vicinity. 

It IS peihaps premature to attempt to decide who these people 
were, to whom they were related, and what became of them. I 
think it fairly settled by the=e discoveries that they were the 
ancestors of the modern PuebloB. Whether or not they were 
in any way connected with the ancient {>eople of Mexico and 
Yucatan the future alone can decide. It seems certain, however, 
that one part of them went north to found the later Pueblo 
civilizations which are now represented by the Zuilis of to-day. 

If historical nvidence is worth anything, and if wc can trust 
the ordinary evidences of archaeology, tneiu these ruins are 
Iteyond 'question pre-Cdumbmn, and may be as much as a 
thousand year* old. 

Mr. Cushing's final Report will be awaited with interest by 
alt who are in any way interested in the subject. Thh ardiseo- 
logical specimens have been shipped to Salem, and the skeletons 
will go to the Army Medical Museum in Washington. 


SELF^^l^ODC/C/JVG FOOD FOR YOUNG FIS ff . 

[N #'ycry interesting Report of the United States Consul 
‘‘‘ at Marseilles on the above subject, he says that every 
person interested in the artificial proi«gation of fish, particu- 
larly those of tlvB genus knowa the great chre 

which is neceasary to carry the young fry through the j>eriod 
immediately following the absor[rtM of the umbill^] sac, and tP 
bring them ^ sueh a stage inatunty that they can be ;.afely 
turned loose in open pwnds and streams to shlfi forr themselves. 
The merp hatchi^ pf the eggs^^ presents no difficulty, but with 
the commc^nccment of ar^tificTiu nutrition the serious part of the 
work begins, and it Is usually only a small percentage of f he 
swarms which are hatched^ reaw the maturity of yearlings. 
Du^tig the intervening raotij^ it has been customary to feed 
the young fish on curdled milk, coagulated ^ood, finely 
hashed meat and liver, grated yolk of eg^,. macerated brains of 
animab, &c., the preparation of wm^, and the constant 
feedipg of the little creatures, involves ,cawUin,t and costly 
labMt Resides^ none of these ibimis of nutriment have 
been found enhrely satUfoctory ; they are- artificial, and 
different from the Hviag oiganfo food which Natui^ provides. 
A plan itivsenfecd by Mr. F* LugidA, of €e«tev^, ai^ practieed 
since 1884 with the greatest snccess in the pisdouitLiml eatilbtUh- 
ment at Oreourtt in the province of Ain^ in Eaoteru France, 
seems to overc^omf all uum di&ndties. The at^ratus at 
Ofvmaa oecupies a gently-sfodng pti^ about sia 
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yield about goo gallons of water a mimite. The tanka are about 
foo feet'lde^ ts feet wide* and 5 feet deep. On account of the 
gravelly nature of the soil, the walls and bottoms uf ,same of the 
tanks are lined wkk cement. The tanks are divided by sliding 
gaieS'Of wire gmue sufficiently fine to prevent the pasuge of ihs 
fry. Mr. Lugrtn spreads upon the bottom of these timUs a 
material impregnated with the elements necessary to produce 
.^ntaneously a limitless number of Daphnm^ CydopSi^ 
as well as larvae of various Ephemera which form the natural 
aliment of trout and other Saim(mida, Thb producing material 
is of trifiing cort. The water in the tanka, which is foom 
2 to 3 feet drop, U left undisturbed for a few weeks, and is then 
found tp be peopled with myriads of the .species above named. 
With a fairiy abundant propagation of these organisms, 20,000 
young fry a»d 3000 fish one year old can subsist and thrive for 
a whole month in a tank of the sue of one of those at Gremaz. 
These 23,000 fish and fry will eat from 600 to 800 pounds in a 
month, and each tank at Gremaz will produce from 650 to 900 
pounds of erevetUs (fireshwater shrimps), to say nothing of the 
myriads of other species which are produced at the same time. 
Trout raised by this method have the fiavour and fimness of 
wild fish. One great advantage of Mr, Lugrin's system is, that 
once a tank is prepared it is permanently productive. 


VNIVERSITV AND EDUCATIONAL 
INTELL/CENCE. 

Oxford. — The lecturedisis for this term contain no consider- 
able inaovations m the physical and chemical teaching. The 
u^ual systematic courses are to be given at the University 
Museum, and at Balliol, Christ Church, and Trinity. We may 
notice especially the following lectures ; — 

Prof. Pritchard, Recent Speculations on the Structure of the 
Stellar Universe, Spherical Astronomy, and the Theory of 
Errors ; Prof. Price, Optics ; Mr, Walker, Double Kefraciion 
treated Mathemaiiedly ; Mr. Baynes, llieory of Gases, and 
Piaotioai Electrioal Measarements ; Prof. Odling, 5‘CarboD and 
6<Carbon Compounds ; Mr. Vernon Harcourt, Volumetric 
Analysis.** 

In the Biolomcal Departments two new Professors have just 
entered on thmr offices. Prof. Green is giving two courses of 
lectures on Geology, and improving the Museum collections, and 
Prof. Vines haa begun a systematic course of Elementary 
Botany. The Morphological Laboratory is in charge of Dr. 
Hickson and Mr. Latter ; and Mr. Mitchell lectures on the Geo- 
graphical Distribution of Animals. Prof Bardoo-Sanderaon is 
lecturing on Elementary Physiology, and Mr. Gotch has a more 
advanced course. Dr. Tylor’s subject this term is Race, 
Language, and Civilization. 

An important statute has just past Convocation, which intro- 
duces the biological soienecs into the Pass Examinations of the 
Umversity for we B. A. dt^rer. It is expected that the change 
will be of great use, especially to medical students, who cannot 
afford the time required to read for an Honour PZxamination in 
Natural Science. 


SOdETYES AM? ACADEMIES. 

Paris. 

Academy of Scienoea, October 15.— M, Des Cloiseaux in 
the chair.— On the deformation of the images of stars seen by 
reflection on the surface of the sea, by M. C. Wolf. An attempt 
is here made to calculate the extent of this deformation, aiiention 
to which has lately been drawn by M. Kicci>, The calculation 
shows that the difference in the angular heists of the object 
and its iinaga increases towards the zenith, at lirst rapidly, then 
slowly, aitmning its maximum at the zenith, for which it is double 
the depression of the horhon. A luminous band stretching from 
the apparent horizon to the zenith of theobaerter, and subtending 
an ai^le of pO* would give an image tarminaiing at the 
nadir, and with an angular extent of not more than 90^ - 19' ‘2.— 
On the latent colours of bodies, by M. G. Govi. The expert- 
meota here described with the bi-todide of tncncury, minium, 
and some otfier substances exposed to the light of die inran- 
deieent vapofu^ of sodium— that is, the nearly pure yellow light 
D— tend to ^w (hat ordinary diffused or transmitted light does 
not itee us true colour of wdies. To obtain this true, but 
or 4 r/jrw/ colour, a specml prooess of ifftfminaticn Is 
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be«d«d. Iti general^ sol&r or diffused Ugbt, not con^tainingmlf the 
tivible coloured radiations, k incapable always of showing us the 
tnie colour df bodies ; further, the light given by incaeSeioent 
bodies conbdning all the visible radktions is insuffideift to dis' 
dose this tme ccuour, which can be discovered only by means of 
a complete contiguous spectrum without abstKpiion bands or 
rays, or by simple radiations from incandescent gaacs^ In such 
lights the true colour is that which is diflbsed or transmitted^ 
with greatest intensity, or else the blend of those $0 diifused or 
transmitted. - This is somewhat analogous to the dichroism or 
polychroism of certain substances, as, for instance, the alcoholic 
solution of chlorophyll, which may seem green, brown, or red, 
accordix^ to Its degree of concentration or its thickness on the 
path of the white light traversing it. — On the observations of 
stars by rejection, and on the measurement of the flexion of 
Gambeyk circle, by M. Pc^tigaud. The experiments here 
described with the modified form of Villarccau’s mercury bath, 
lately submitted to the Academy, have enabled the author, as 
he anticipated, to obtain good images of reflected stars. Thus 
have been easily obtained within a period of five or six weeks 
about three direct and six reflected observations o( about a hundred 
stars of all altitudes from 2$'* above the southern to 25’ above 
the northern horizon. A calculation of the flexion of Gambey’s 
circle yields a value nractically identical with that given by 
Villarceaii.— On the luminous ligament in the transits and 
occultations of Jupiter’s satellites, by M. Ch. Andre. In a 
recent communication {Comfits evii. p. 216) the aallior 

showed that one of the chief causes of uncertainty in these 
observations was due to the formation in the focal plane of the 
ielcscoi>c, and, within a certain distance of the ceometrical con- 
tact, to a luminous connection or “ligamenr’ between the 
imog^ of the satellite and the planet. A method is here 
explained by means of which the possible errors < 3 ue to this 
phenomenon may be avoided.— Observations of Brewster’s 
neutral point, by MM. J. 1 ., Soret and Ch. Sorct. The neutral 
point of atmospheric polarization situated below the sun has 
rarely been observed since its existence was first determined by 
Brewster. The authors have now been* able accurately to 
observe it on the .summit of RIgi (1800 metres) on the mornings 
of September 23 and 24, the height of the sun above the horison 
being from 20*^ to 35^ They were able at the saoie time to 
determhte the distance of the neutral point above the sun 
(Babinet’s neutral point). — On some double phosphates of 
yttriaandof potossa or soda, by M. A. Dubois. Thes^ phos- 
phates have hMir obtained by causing the amorphous phosphate 
of yttria to react, by the dry process, on the sulphate of potassa 
(H* Debrayk process, extended by Grandeau to the. chief groups 
of metallic oxides) ; and also by making the pure yttria react at 
a high temperature on the metaphosphates and p}^ophosphates 
of potassa and soda.— On the alkaloids of cod liver oil (con- 
tinued), by MM. Arm. Gautier and L. Moignes. Having 
already determined the volatile alkaloids, butylamine, amylamine, 
hexylamine, and hydrodimethylpyridiDe, the authors here de- 
scribe the two fixed bases accompanying them. These are 
named aseit$n€^ from A stilus the large cod ; and 

morrhuim^ from Gadus morrhua^ the common cod ; the latter 
being especially .remarkable for its physioWical properties. The 
respective formulas are, and CjjH^,Na.^On pro- 

pyl phycite, by M. Ad. Fauconnier. Under this name, Carius 
described, in l86t, a body with the formula CaH|,04, which 
Claus afterwords declared to be the glyceric aldehyde, unknown 
in a pure state. From the author^s further researches it now 
appears that propylpbyaite is nothing but glycerine itself. 

Stockholm. 

Koyal Academy of Sclencei, October 10.— Species Sar- 
gassorum Australia: descriptae et dispositse a Prof. T. G. 
Agardh. — On persulphocyanacid and dithiocyonacid, by Dr. 
Klason. —On a scientific tour in Kussla, Gennany, and Holland, 
by Dr. 5 - Arrhenius.— ‘On a magnetic field bi^ce, by Dr. 
J^gstrbm,— Baron Nordenskibld exhibited on edition, from 1560, 
of Mercator's large map of the world, lately discovered by 
hhnself.— On a new arseniatc mineral from Mossgrufvan, in 
Kordmork, by Hr. Sjogren.— On the anatomical structure of 
Dnmartsfia acuimia^ Lam., by Miss F. Soderslrom.— On a 
class of transcendents, whii^ originate through ieurated integra- 
tion of rational functions, by M, A. Jonqulfcre, of Berm-i-On 
aceto- propyl-benzol and apieto-kumol and their derivatives, by 
Prof. WfdUoftn.— The electrical and thermic conddetibUity of 
specular iron, by Hr. H. Biickstrdm.— Contributions to the 


knowledge of the ihermo-docttlcity of ciystaU, 
—Determination of |he nkagnetic inclination in 
SundsValt, and OstenuUd, by Hr. P, A. Siljestrdcn. 

Amsterdam. 

Royal Academy pf SciaiiceB, September M. de 
Vries read a paper oh tterilv plants of matee or Indian corn. — 
M. Van Bcmmelen discus^ the contents of a paper of M. 
Bakhttis Roeebo^, on the combinations of calcium ^Wcfride 
with water in sdKi and fluid comUtion.— M. J. A. C. Ouaetnans 
read a paper oil kvels becoming unfit for use by the dimlnilhed 
mobility of the bubble, in consequence of the precipitation of 
granular corpu^K^ against the interior aurface of the glass. He 
demonstrated that this evil could be obviated by (i ) constructing 
the levels of kali-glais, and not of natron-glass ; (2) taking care 
that no water should be able" to penetrate into the interior of 
the instrument ; and (3) employing, instead of sulphuric ether^ 
petroleum ether for the filling. 
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1788-1688 : E. Favenc (Tumef and Henderson, Sydney).— A Mantial of the 
Vertebrate AnimeJk of the Northern United States, 5th edition \ 0 . S, Jordan 
(McCiurg, Chicago) —Outlines of Natural I'hilosophy, eniafeed edition ; J 
D. Kverett (Blackie).— The tirUish Moss Flora, Part xi. ; K, Braith^vnite 
(piibiinbed by author).— The Theor>’ and Praciice of Absolute McttSttrements 
ill Electricity and Magnetism, v^l. i. : A. Gmy (Macmillan) —Mathematical 
Examples' J. M. Dyer and P. Prowde-Smith (Bell). — The Student's Pesia- 
lo*r.i ; J. kussell (Sotinenschein).— Journal of the Ruyal Microscopical 
Society, October (Williams and Norgatd).— Journal of the Royal Statistical 
Society, September (Stanford).— An nalen der Physik und Chemie, 1888, N'*. 
to ; Bc^Utter mi den Annalen der Physik uod Chemie, x68B, Nv. 9 (Barth, 
Leiptia).— ^Bulletin of the American GeograpKifal Society, vol. xx. No 3 
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